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The application of a solar "Hot Box
to pasteurize toilet tompost
in Yosemite National Park
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By Paul R. Iachapelle and John C. Clark

Land managers today are continually searching for

methods that promote sound and sustainable back-

country management techniques while decreasing

costs and use of human resources. The public is also

increasingly concerned over

great expenditure for backcountry infra-

structure projects including the construc-

tion of innovative toilet facilities

(Voorhees and Woodford 1998). Past re-

search has documented composting toi-

let technologies as a low-cost, efficient,

and sustainable method of backcountry

human waste treatment (Davis and

Neubauer 1995; Land 1995a, 1995b;

Yosemite NP 1994; Mount Rainier NP
1993; Weisberg 1988; McDonald et al.

1987; Jensen 1985; Cook 1981; Leonard

et al. 1981). While considerable research

has demonstrated the operation and

maintenance ofcomposting toilets in the

backcountry (fig. 1), few studies have ex-

plored proper methods and disposal of

composting toilet end-product.

In 1996, the USDA Forest Service, San

Dimas Technology and Development

Center and the USDI National Park Ser-

vice, Yosemite National Park, conducted

a cooperative study in the development

and operation of a passive solar insulated

box (termed the "Hot Box") to treat the

end-product from composting toilets used

by hikers in the backcountry (fig 2, this

page, and fig. 3, page 20). The study dem-

onstrated that the Hot Box could consis-

tently meet U.S. Environmental

Protection Agency heat treatment re-

quirements and produce a class-A sludge

that could be surface-applied as outlined in 40 Code ofFederal

Regulations (CFR) Part 503 (Lachapelle et al. 1997). According to

the regulation, this heat treatment is a function of time and tem-

perature (fig. 4, page 21). The study demonstrated that the time-

temperature requirement could consistently be met in Yosemite,

an area that proved ideal because ofhigh

ambient air temperatures and consistent

sunlight throughout much ofthe summer.

Field staff at the park tested the appli-

cation of the Hot Box to pasteurize large

quantities ofend-product during the sum-

mers of 1997 and 1998. Field staff report

that the Hot Box operated well and re-

quired minimal labor under optimal con-

ditions. Previously, all ofthe end-product

removed from backcountry toilets in

Yosemite was sealed in plastic bags, de-

posited into designated dumpsters and

then thrown away in a

local landfill.

Pig. I'(above). A convenience to backpackers,

the composting toilet represents a problem

for resource managers: How to safely dispose of

the human waste? The authors offer a solution based

on their research of the box-type solar cooker

(fig. 2, right), which they tested to pasteurize the end-product

from public composting toilets used by hikers in the

backcountry.

See "Hot Box" on page 20
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In the next issue...
Park Science will host a guest editor next time with an issue primarily devoted

to the social sciences. Among the anticipated articles is one originally planned

for this issue that explores the carrying capacity issue on the carriage roads of

Acadia National Park (Maine). Also look for reports on a study of visitor

satisfaction with transportation at Denali National Park (Alaska), a managers

perspective on the Fee Demonstration Program, and politics and parks.

Size and Stope

This issue is our longest since 1986. At 40 pages, it clearly demonstrates the awesome

scope and complexity ofpreserving natural resources in the parks. Several articles

describe resource disturbances: gizzard shad at Chickasaw NRA exhibit malignant tumors,

and the cause remains a mystery; hiking within a popular river canyon at Zion alters the

habitat of aquatic organisms; and biodiversity associated with eastern hemlock stands in

two mid-Atlantic parks could be at risk ifan exotic insect infestation continues to take its

toll on the forest. Conversely, at Point Reyes the elephant seal is making a comeback

albeit with such fervor that several new management issues have arisen. The stories also

remind us that ingenuity, determination, and teamwork aid success. This is evident in

reports on the ambitious watershed restoration activities at Whiskeytown, the desert

tortoise population studies in the Mojave Desert, and the development of plant propaga-

tion programs in several parks. Our cover story goes to the heart of a nearly universal

management issue: what to do with composted human waste from backcountry toilets,

and the authors offer a relatively simple treatment option that is sensible, sustainable, and

has broad applicability. Finally, Superintendent Karen Wade shares a personal account of

the value of science in making management decisions. Her uplifting comments speak of

hope and the need to keep the momentum going toward the preservation ofpark natural

resources. This issue contributes in that vein.

Park Science



News & Views
Letters from the past year

Snowmobiles
I write in response to the ar-

ticle "Exposure of snowmobile

riders to carbon monoxide"

[17(1) :1, 8-10]. As a backcountry

ranger and winter caretaker at

Kenai Fjords National Park

[Alaska], which allows snow-

machine access, I feel that Park

Science failed its readers in not tak-

ing a strong stance against

snowmachine access in the na-

tional parks. If the NPS mission

involves any semblance of pres-

ervation thinking, it must con-

demn snowmachines. Anyone
who has witnessed snowmachine

use in the national park system

must attest to: disturbances of

wildlife, noise pollution, ground-

water pollution, and destruction

ofany aura ofwilderness.

Michael O'Brien

Seward, Alaska

Science?
I received my copy ofPark Sci-

ence and the book review of Pre-

serving Nature [In the National

Parks: A Hlstory-l7(2):l, 8].

[Since] I have not read the book,

I will limit my comments to the

short editorial and book review.

It is truly shameful that NPS
revisionists are attempting to de-

monize past park managers for

making parks accessible to gen-

erations of American recrea-

tionists, while promoting the new
biocentric "myth" that science

will lead park managers to aban-

don human values in favor ofeco-

system preservation. In fact, to the

extent that future NPS manage-

ment strives to maintain or restore

"pristine" wilderness ecosystems

in parks, then the traditional park

ideal will die, and the American

people will increasingly resent the

obvious damage done to their

landscape experience.

Modern revisionist park man-
agers routinely ignore science

that does not meet with their pre-

conceived notions of the world,

and routinely promote new man-
agement regimes without the

slightest scientific understanding

of the impact on humans. The
most recent examples ofrevision-

ist mythology resulted in propos-

als for mandatory public

transportation systems and re-

moval of the people's visitor fa-

cilities. Science is not likely to

provide an enlightened future at

NPS without a major injection of

common sense and proper re-

spect for history and tradition.

Kenneth A. Barrick

Assoc. Professor ofGeography

University ofAlaska, Fairbanks

(Editors Note: Richard Sellars pre-

ferrednotto respondto thesecomments.)

Preserving Nature
Having lived, worked, and suf-

fered through the sloughs of de-

spond that characterized the effort

to create and sustain a credibleNPS
science program, I once more raise

my grizzled head and sniff the

breeze created by Dick Sellars' Pre-

servingNature in the NationalParks

[17(2):1, 8]. Is that real live hope I

smell in the wind? Or just a wish

that will expire as so many previ-

ous signs ofhope have done?

The forces for status quo and in-

ertia have carried the day so far,

keeping the still magnificent park

system firmly tethered to the no-

tion that park landscapes should be

moulded to human perceptions.

The emulsification agent thatwould

allow science-especially ecology-

to join the traditional mix ofland-

scape architects, foresters, and

engineers has yet to be found.. .

.

I understand that Director

Stanton has undertaken once

again to resuscitate our still un-

paralleled system and our once

proud Service. Ifscience is at last

guaranteed a seat at manage-
ment's head table, then perhaps

the tarnished phrase

"wise use" has a chance

ofregaining its integrity.

Thomas Hardy wrote,

"Ifa path to the better there

be, it lies in taking a full look at

the worst." Science for years now
has had the capability ofshowing

us the worst and helping us avert

it. So far we have elected instead

to let the park system act it out.

Here's one fervent Amen on be-

halfofthe new resolve!

Jean Matthews

Former editor o/Tark Science

Vancouver, Washington

CD-ROM
We received the Park Science

CD-ROM set, compiling vol-

umes 1-18. This is an excellent

use of technology, and we ap-

preciate your efforts to get use-

ful information to the parks.

Todd Brindle

Science scholarship
program announced
for 1 999
The Canon National Parks Sci-

ence Scholars Program was estab-

lished in 1997 to develop the next

generation ofscientists working in

the fields ofconservation, environ-

mental science, and park manage-

ment. It is the first and only

fellowship program of its kind to

encourage doctoral students to

conduct innovative research on

scientific problems critical to the

future ofthe national parks.

The program is underwritten

by Canon U.S.A., Inc. Other col-

laborators include the National

Park Service, the National Park

Foundation (NPF), and the

American Association for the

Advancement of Science

(AAAS). Each year, the program

awards graduate student scholar-

ships in four broad disciplines: the

biological sciences,

physical sciences, so-

cial sciences, and cul-

tural sciences. The
amount ofeach scholarship

is $25,000 per year, for a maxi-

mum ofthree years and $75,000.

The program operates as follows:

1. Students submit dissertation

proposals addressing specific re-

search questions identified each

year by NPS park managers

2. The proposals are evaluated by

scientific panels convened by

the AAAS
3. The AAAS panels select the

winning graduate students

who become Canon National

Parks Science Scholars

4. TheNPF transfers scholarship

funds to each student's university

5. The students complete their

graduate research, write a dis-

sertation, prepare a popular ar-

ticle on the significance ofthe

research, and give a public lec-

ture about their work

In 1999, the Canon National

Parks Science Scholars Program

will award scholarships to eight

doctoral students. Four honorable

mentions will also be awarded and

will include a one-time grant of

$2,000. The 1999 competition

will focus on four specific research

questions described in the 1999

announcement and application.

For a 1999 announcement &
application, contact Dr. Gary

Machlis, Program Coordinator,

Canon National Parks Science

Scholars Program, Natural Re-

source Stewardship and Science,

National Park Service, 1849 C
Street NW (3127), Washington,

DC 20240 or gmachlls

@uldaho.edu. To download an

electronic copy of the 1999 an-

nouncement and application, visit

the NPS Social Science Web site

at zvww.nps.gov/soadlsaence/waso/

acts.htm. Applications are due

June 15, 1999. p
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Champion trees

of the Smokies

During a project to identify

and map old-growth forests in

Great Smoky Mountains Na-

tional Park (GRSM-Tennessee

and North Carolina), survey notes

on big trees revealed that some

compared favorably to those

listed as state and national cham-

pions. Subsequent surveys located

new record-setting trees for over

90% of the park's common tree

species based on a 1978 list. In ad-

dition, with the use ofan infrared

laser rangefinder and a clinom-

eter, accurate tree heights were

collected for the first time in the

Smokies; thus, nearly 100 poten-

tial national and state record trees

have been located and measured

so far. Maintaining and promot-

ing the park champion tree list

helps to instill a sense of appre-

ciation for what the park

preserves, as no com-

parable region exists

anywhere in the United

States, not even within the

southern Appalachian biore-

gion.

The American Forests Organi-

zation maintains a national listing

ofthe largest known examples of

many U.S. trees in the National

Register ofBig Trees. A national

champion is a specimen that has

the most points for its species. The

point scale is based on circumfer-

ence, height, and crown spread.

One point is given for every inch

in circumference of the trunk at

4.5 ft (1.4 m) above average

ground level, every foot in height,

and one-quarter of the average

crown spread in feet. A tree can

be listed as a cochampion if it is

within five total points ofanother

tree ofthe same species.

1 998 national champion trees of

Great Smoky Mountains NP
indicates cochampion

Species

Striped maple* '97

Red maple '94

Yellow buckeye '95

Allegheny serviceberry '96

Devils-walkingsfick '96

Bitternut hickory '96

Red hickory '97

Cinnamon clethra '95

Cinnamon clethra* '97

Fraser magnolia '93

Fraser magnolia* '81

Carolina silverbell '95

Carolina silverbell* '95

Carolina silverbell* '95

Mountain laurel '97

Sourwood '94

Red spruce '86

Red spruce* '97

Black cherry '97

Chestnut oak* '96

Northern red oak '97

Eastern hemlock '95

Cm. Ht. Spread Pis
44» 77' 31' 129

276" 14T 88' 439
229" 136' 53' 378
77" 101' 36' 188
23" 74' 16' 101

153" 146' 74' 318
84" 140' 62' 240
10" 33' 12' 46
9" 29' 10' 41

113" 110' 59' 238
116" 107' 55' 237
152" 103' 45' 266
151" 104' 40' 265
155" 96' 39' 261

48" 25' 18' 78
106" 96' 28' 209
169" 123' 39' 302
144" 146' 34' 299
210" 134' 70' 362
221" 144' 78' 384
257" 134' 81' 411

202" 165' 38' 377

In the 1998 edition of the Na-

tionalRegister, the park contained

22 national champion trees (five

are cochampions) representing 17

species (Table). This figure is

highly significant in that over 15%

of our common native trees are

currently the largest known of

their species in the country. The

potential exists to increase this fig-

ure to over 20%. While the Great

Smokies recorded more national

champions in 1998 than any

other unit ofthe national park sys-

tem, the park was followed

closely by Big Bend National Park

(Texas) with 11 champs of10 spe-

cies, and Olympic National Park

(Washington) with 10 champs of

six species.

In spite of its relatively small

size, but with nearly ideal grow-

ing conditions, high tree diversity,

and protected ancient forests, the

park likely has the highest con-

centration of record trees any-

where in the continental United

States. The champion trees ofthe

Smokies provide the best living

approximation ofthe quality and

size of trees that once existed in

presettlement southern Appala-

chian landscapes. Several trees

recently located now represent

the maximum dimensions everre-

corded for their species. It is ex-

tremely important to realize the

value of forests that in 1999 still

set new standards and shatter his-

torical records.

National Capital

Hummingbirds succumb
to vegetative "Velcro®"

Last September, birders at Rock

Creek Park (Washington, D.C.)

discovered four ruby-throated

hummingbirds ensnared in the

Velcro®-like seed heads (photo) of

common burdock (Arctium mi-

nus), a normative weed that had

invaded a natural area near the

park maintenance yard. Three of

the hummingbirds were dead, but

the group was able to free one that

was still alive. Resource manag-

ers removed the 50-60 burdock

plants, which can grow over 6 feet

in height, and plan to control the

species in the future.

The occurrence came as a sur-

prise to park staffand even an ex-

pert on burdock, leading to an

investigation into the nature of

the phenomenon. Could a log-

gerhead shrike have been the

cause? Although the shrike is well

known for impaling its prey on

sharp objects such as thorns, the

hummingbirds were not impaled;

the recurved barbs of the seed

head would have made this im-

possible. More importantly, the

shrike is rare in this part of the

country and at this time of year.

A more likely scenario is that the

tiny birds had been feeding at a

nearby sunflower, lit on the bur-

dock for a rest, and got entangled,

sealing their fate.

An electronic note posted on

the NPS Natural Resource Bul-

letin Board and a scientific litera-

ture search generated some
answers. Other accounts ofwild-

life being caught and killed in bur-

dock in North America are on

record. According to Martin Mc-

Nicholl, an ornithologist in Brit-

ish Columbia, this plant species

has been reported to occasion-

ally kill small birds and brown

bats (Science News 154(16):244);

indeed, a resource manager at

Wind Cave National Park (South

Dakota) reported the death of a

little brown bat in burdock at the

park more than 10 years ago. And

the problem also occurs in

Eurasia, the native home ofbur-

dock. Most of the information,

however, is anecdotal; a cursory

literature search turned up very

little scientific work that quanti-

fies the impact ofnoxious weeds

on birds and other wildlife.

Common burdock was first

documented in this country in a

flora published in 1672 and is now

widespread in the United States

Park Science
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and parts ofCanada. Commonly

used as a medicinal herb, the

plant is also well-known to farm-

ers and ranchers who consider it

a serious agricultural weed. Burs

can lodge in the skin, eyes, ears,

mouth, throat, or stomachs of

grazing animals, causing irritation

and pain. In wild mammals such

as coyotes or foxes, the burs can

lodge in the fur, causing it to be-

come matted and irritated.

One of four ruby-throated

hummingbirds stuck to the

Velcro
(

"'-like seed heads of

The hummingbird-burdock in-

cident at Rock Creek Park is a

poignant example ofyet another

way exotic plant species imperil

the health ofnatural ecosystems.

This point was amplified at a Sep-

tember conference on exotic

plants held at the Patuxent Na-

tional Wildlife Visitor Center in

Maryland. Hosted by the Na-

tional Park Service, the confer-

ence focused on the management

of exotic plants in general. A
mount of one of the humming-

birds trapped in the seed head

was displayed, however, and

served as a graphic reminder of

the importance ofpreserving na-

tive vegetation habitat for wild-

life.

Unfortunately, burdock is not

the only nonnative plant species

that has invaded Rock Creek

Park. Exotic vines such as porce-

lain berry, Asian bittersweet, and

Japanese honeysuckle are chok-

ing out native vegetation and lit-

erally dragging native trees down

to the ground, destroying the up-

per canopy where warblers and

other birds nest and thrive. Add

this park's problems with exotic

plant species to those of every

other unit in the national park

system and the scale ofthe prob-

lem nationwide begins to become

apparent. The problem is so large

that funds to combat exotics, staff

positions dedicated to their con-

trol, and an organized nationwide

approach for dealing with them

have lagged far behind their per-

vasive, deleterious influence.

In early February, President

Clinton signed an executive or-

der formulating a federal strategy

to deal with the problems of ex-

otic species. The order proposes

an increase ofnearly $29 million

for combating exotic pests and

diseases and accelerating research

on habitat restoration and bio-

logical integrated pest manage-

ment tactics. An Invasive Species

Council, chaired by Interior Sec-

retary Babbitt, Agriculture Secre-

tary Glickman, and Commerce

Secretary Daley, will cooperate

with a variety ofgroups to carry

out the strategy.

Southwest

Interagency communica-
tions productive at

Bandelier

Managing migratory wildlife

where several agencies are in-

volved is a challenge. Bandelier

National Monument (New
Mexico) is addressingjust such a

management challenge using two

ongoing approaches to promote

dialog between biologists and

managers concerning migratory

elk. The first approach is to spon-

sor a yearly symposium of bio-

logical research in the Jemez

Mountains of northern New
Mexico. The symposia have been

very successful, attracting ap-

proximately 100 biologists and

land managers each year. The

second approach is to support

and participate in the EastJemez

Resource Council-an inter-

agency group formed to promote

understanding and coordination

of natural and cultural resource

management in the east Jemez

Mountains.

In November 1998, the third

symposium featured several pa-

pers on elk from both Los Alamos

National Laboratory and

Bandelier. Participants learned

about the laboratory's elk track-

ing efforts that use global position-

ing system collars and efforts to

create a predictive computer

model for elk movements based

on habitat slope, aspect, and prox-

imity to man-made structures.

Presentations on simulated tram-

pling and grazing, observations of

elk behavior, and development of

an elk visibility model from

Bandelier's elk research program

generated much interest and

many questions. Also part of the

symposium were papers on the

1950s rapid drought-induced eco-

tone shift in the ponderosa pine

zone at Bandelier and a summary

of vegetation recovery after the

16,500-acre "Dome" fire of 1996.

The East Jemez Resource

Council was the invention of

Bandelier's Chief of Resource

Management Charisse Sydoriak.

In 1998 the council was directed

to make suggestions on elk hunt-

ing regulations to the New
Mexico Department of Game
and Fish. In drafting the recom-

mendations, communications

between biologists created two

success stories for the park. First,

a new subunit for elk hunting in

areas adjacent to Bandelier will

be created in the fall of 1999 to

increase hunting pressure and re-

duce the winter elk population on

the monument. Hunting in the

new subunit will be limited to

avoid long-period hunts that

would likely drive animals onto

the monument. A focus on cow-

only rifle hunts will also maxi-

mize herd reduction until harvest

goals are met, while maintaining

quality archery bull hunts. Sec-

ond, voluntary hunter check sta-

tions were cooperatively staffed

by council personnel last fall to

determine hunter numbers and

success rate information-not oth-

erwise available-in the planned

subunit. From staffing check sta-

tions the council learned that

hunter success was only 16% in

the planned subunit area, ap-

proximately 50% below antici-

pated success. This information

will be used to formulate future

harvest targets in an adaptive in-

teragency management ap-

proach aimed at accommodating

both Bandelier's elk management

goals and the goals of neighbor-

ing land managers.

Cowbird impacts assessed

at Carlsbad Caverns

As in many parks, parasitism of

songbird nests by cowbirds is a

concern at Carlsbad Caverns Na-

tional Park (New Mexico). For the

past three years, park biologists

have been monitoring songbird

nests in the Rattlesnake Springs ri-

parian habitat to determine the ex-

tent and effects ofbrood parasitism

by the brown-headed cowbird.

They found considerably higher

parasitism ofthe state-endangered

Bell's vireo than in other songbird

species. Cowbirds parasitized 13 of

15 (87%) Bell's Vireo nests in 1997,

causing abandonment in 6 of the

completed nests. By July 1998,

cowbirds had parasitized 19 of25

(76%) Bell's vireo nests, causing

abandonment in 11 nests.

Cowbird parasitism is a grow-

ing concern at Rattlesnake

Springs. As of mid-July 1998, bi-

ologists had found 52 cowbird

eggs in all nests, compared to 30

in 1997, and 13 in 1996. The high

incidence of multiple cowbird

See "Highlights" on page 36
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Popularity of

parks affects

policy making

National parks are fa-

vorite destinations of na-

tional and international tourists.

The steadily increasing popular-

ity of parks reflects the rising

popularity of outdoor recre-

ation, which places substantial

pressure on national parks and

has important implications for

the long-term preservation of

park resources. Ifhuman recre-

ation dominates the manage-

ment of a park, preservation is

jeopardized and the case for

biocentric ecosystem manage-

ment is weakened. The viabil-

ity of such parklands becomes

threatened. In her article "Na-

tional parks and the recreation

resource" (Denver University

Law Review 74(3):847-58), au-

thorJan G. Laitos examines the

growth of recreation as a use of

leisure time, the increased visi-

tation of public lands (includ-

ing national parks) by people

who wish to enjoy the out-

doors, and the subsequent shap-

ing of fundamental manage-

ment policies for national

parklands.

This article is part of a spe-

cial emphasis issue of the Den-

ver University Law Review that

examines numerous legal issues

relevant to the management of

national parks. Entitled "Na-

tional Park System Sympo-
sium," the issue runs about 300

pages and includes several ar-

ticles specific to natural re-

source management issues:

"Preserving nature in the na-

tional parks: Law, policy, and

science in a dynamic environ-

ment" by Robert B. Keiter;

"Ecosystem management and

its place in the National Park

Service" by John Freemuth;

"The problem of statutory de-

tail in national park establish-

ment legislation and its relation-

ship to pollution con-

trol law" by Robert L.

Fischman; "Repairing

the waters of the na-

tional parks: Notes on a

long-term strategy" by Eric

T. Freyfogle; and "ANILCA: A
different legal framework for

managing the extraordinary

national park units of the last

frontier" by Deborah Williams.

Details on the issue are avail-

able on the Web (www.de.edu/

law/lawreview/home.html)

.

Midsize carnivores

losing ground in the

West

In the West, midsize carni-

vores like the fisher, marten,

wolverine, and lynx have be-

come as scarce as the wild

places they inhabit. These ani-

mals inhabit old-growth forests,

and like wolves and grizzlies,

avoid roads, clear-cuts, and

people. Before the turn of the

century, midsize carnivores

were common throughout the

Rocky Mountains and the Cas-

cades and all but the lynx

ranged south into the Coast

Range and the Sierra Nevada.

The increasingly sparse abun-

dance of the animals is attrib-

utable to trapping and mostly

to loss ofhabitat from burgeon-

ing development and logging of

old-growth forest.

Information about the abun-

dance and distribution of these

species in the West has been ex-

tremely scarce because, unlike

wolves and grizzlies, the mid-

size carnivores have not been

the focus of researchers. For

years, the lack of scientific in-

formation has impeded federal

listings and concomitant pro-

tection ofthe species by the U.S.

Fish and Wildlife Service. Cut-

backs or pending cutbacks of

the USDA Forest Service bud-

get have precluded comprehen-

sive studies of midsize carni-

vores by that agency. Powerful

profiteers and governmental

agencies with missions that op-

pose the conservation and pro-

tection of natural resources

have repeatedly thwarted at-

tempts to curtail loss of old-

growth forest by various enti-

ties. In addition to loss of

habitat, the persistence of mid-

size carnivores is threatened by

trappers in Idaho and Montana.

The entire study population of

a researcher in Montana was

caught and killed by trappers in

the early 1990s. Logging roads

throughout western forests not

only fragment the habitat of

midsize carnivores but also per-

mit disturbances of sensitive

habitats by four-wheelers and

snowmobilers and access ofre-

mote areas by poachers. "Mid-

size carnivores" in the West des-

perately need assistance with

their fight for survival, but in-

stead "are losing ground" (Joel

Bourne. Defenders 72(3):14-21).

Exotic species: a costly

burden

"The war against [exotic

plants] takes doggedness and a

long-term perspective. . . . Ifwe
want our natural areas to have

the species diversity and scenic

beauty they deserve, we must

give nature a hand" (Tenen-

baum, D. 1996. Weeds from

hell. Technology Review 99(6):

32-40). Highly aggressive, per-

sistent, and noxious exotic

plants are the primary threat to

many natural and restored na-

tive ecological communities.

The survival ofmillions ofacres

of such communities depends

on the removal of the exotics.

More than 4,000 floral and fau-

nal exotic species are able to

survive without human help in

the United States. Of these, 79

species cost the nation an esti-

mated $97 billion dollars be-

tween 1906 and 1991 in dam-

age to agriculture, industry, and

health. The damage from exot-

ics to biological diversity has

not been expressed in terms of

dollars; however, according to

E. O. Wilson, Harvard Univer-

sity biologist and authority on

preserving biological diversity,

invasion by exotics has prob-

ably been the largest cause of

extinction through most of hu-

man history. Many, ifnot most,

biologists are convinced that a

reduction in diversity robs natu-

ral communities ofresilience to

recover from natural disasters

such as fire or storms. A reduc-

tion in diversity also constitutes

an elimination ofgenes and sub-

stances that benefit medicine,

industry, and agriculture.

The takeover by exotic spe-

cies is hardly natural. In the ab-

sence of their natural predators

and competitors, they can rap-

idly outcompete native species.

The author provides examples,

a few ofwhich are given here.

The Australian tree mela-

leuca displaces all native vegeta-

tion in wet and dry areas. In

Florida, it dominates 500,000

acres and colonizes 50 acres per

day. Hydrilla, a water weed,

chokes 75,000 acres of rivers in

Florida. Like many aquatic

weeds, hydrillajumps from one

lake to another on boats and

boat trailers. Kudzu, the vine

that ate the South, can grow as

many as 50 feet per year and

smothers everything in its path,

including buildings, trees, and

utility poles. In the Northeast

and Midwest, Eurasian water

milfoil, a submerged plant, and

purple loosestrife, a showy wet-

land flower, aggressively and

comprehensively replace native

wetland vegetation. The stench

from decomposing purple loos-

estrife is oppressive. Cheatgrass

in the West carpets 100 million

acres. It is highly combustible
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and returns quickly after fires.

In other words, it fuels fires and

benefits from them. Salt cedar

in the Southwest has taken over

streams and riverbanks. Its roots

draw salt from below the soil,

and its salty leaves raise the soil

salinity and thereby retard the

growth of native trees.

Sadly, many exotic species

were purposely brought to the

United States. Some plants were

sold by nurseries and continue

to be offered in spite of their

known harm to native species.

For example, 80% of Florida's

exotic pest plants were sold by

nurseries.

Getting rid of exotics defies

simple solutions. Prohibiting

the sale offoreign species would

conflict with significant indus-

trial interests in horticulture and

agriculture. Banning them un-

der the Federal Noxious Weed
Act has as yet been underused.

Early eradication may be best

but first requires intensive pub-

lic education followed by inten-

sive public support. Another

option is creating favorable con-

ditions for native species. For

example, in Everglades National

Park (Florida), park staff

stripped 8 inches of soil from

the surface of 60 acres. In the

remaining damper, lower soil,

wetland species returned but

not the exotic pesky Brazilian

pepper tree. Biocontrol with in-

troduced predators ofexotics is

controversial because ofthe risk

that the introduced predator,

also an exotic, may become a

pest.

A leading role in biological

controls by the federal govern-

ment seems desirable, but mon-

ey is in short supply. "When re-

sources are allocated, exotics

are a quiet issue and usually left

to the end, even though it's in

our mandate to preserve and

protect natural areas," accord-

ing to Carol DiSalvo, an ento-

mologist with the NPS Envi-

ronmental Quality Division

who contributed to the article.

Federal laws seem inadequate

and not sufficiently enforced.

Needed is public pressure.

El Malpais publishes

natural history work

El Malpais National Monu-

ment announced in February

1998 the availability of a major

new publication entitled "Natu-

ral History of El Malpais Na-

tional Monument." Published by

the New Mexico Bureau of

Mines (Bulletin 156, 1997), the

bulletin presents a comprehen-

sive interpretation ofthe park's

volcanic landforms and their

associated biological compo-

nents. Compiled by El Malpais

Chief Ranger Ken Mabery, it

devotes extensive coverage to

lava tube caves, including their

formation, mineralogy, cave ice,

and fauna. Other features in-

clude a comparative analysis of

seven basalt-dating techniques

as applied to flows ranging from

725,000 to 3,000 years ago. The

flora and fauna and the fire ecol-

ogy and succession on lava

flows is also cataloged. Maps,

historic photos, species lists,

charts, and a color photo atlas

ofthe park's volcanic landforms

are included in the 185-page

volume. The bulletin is available

from the publications room of

the New Mexico Bureau of

Mines and Mineral Resources,

505-835-5410, for $24.50.

Channel Islands l&M
reports available

In the 1980s, Channel Islands

National Park (California) de-

veloped a program to inventory

and monitor natural resources

(see Ecological Monitoring in

Channel Islands National Park

at www.nature.nps.gov/im/chis/

content.htm). This program was

designed to be long term and

ecosystem-based. Additionally,

the program was intended to

provide park managers with

regular assessments of ecosys-

tem health by determining lim-

its ofnatural variation, diagnos-

ing abnormal conditions,

identifying potential agents of

abnormal change, and prescrib-

ing remedial treatments.

The biologists responsible for

monitoring at the park produce

an annual report for each pro-

gram component. These re-

ports are a description of the

monitoring activities and con-

ditions for a given year and a

summary of that year's data.

Abstracts of these reports are

available for review at the NPS
I&M Web site www.nature.nps.

gov/im/chis/abslist.htm. The fol-

lowing annual report abstracts

on monitoring are available:

1982-96 kelp forest, 1982-87

tidepool, 1990-92 seabirds,

1989-93 marine debris, 1994-95

beach lagoon, 1993-95 terres-

trial vertebrates, 1993-94 land

bird monitoring, Santa Rosa Is-

land water quality inventory

(1995), and Status and Trend of

Island Fox on San Miguel Island

(1998).

Additionally, the Kelp Forest

Monitoring Design Review

(1996) abstract is accessible on

the Web site. Monitoring design

review is a formal process of

evaluation by managers and sci-

entific peers of the results of a

monitoring program after sev-

eral years of data collection.

This review process, essentially

a course correction, is critical to

ensure that monitoring is pro-

viding the information and sta-

tistical power that is needed by

park management. The park in-

tends to conduct such a review

for all of its monitoring proto-

cols. To date, only the Kelp For-

est Monitoring Program has un-

dergone this, review.

Photocopies of the reports

and program protocols may be

obtained for a fee from the NPS
Denver Service Center, Techni-

cal Information Center; P.O.

Box 25287; Denver, CO 80225-

0287; 303-969-2130; e-mail: tic-

_work_orders/requests@nps.gov.

Trail trampling and
deterioration studied

A research biologist with the

Aldo Leopold Wilderness Re-

search Institute in Missoula,

Montana, conducted experi-

ments to evaluate the effective-

ness of two recommended
Leave-No-Trace practices-re-

moving boots and using a

geotextile groundcloth known

as scrim (Cole, D. N. 1997. In-

termountain Research Station.

Research Paper INT-RP-497).

In four different vegetation

types, 6% more vegetation

cover was lost when hikers

wore lug-soled boots than when

they wore lightweight running

shoes. One year after trampling,

however, the magnitude of

cover loss did not differ between

the two treatments. The differ-

ent footwear had no effect on

vegetation height. In another

experiment, the short-term loss

of vegetation from trampling

was half in two different types

ofvegetation that were covered

with geotextile groundcloths

than in uncovered vegetation.

Although lightweight shoes and

geotextile groundcloth did no

harm and provided short-term

benefits, they provided no long-

term benefits or meaningful re-

duction ofadverse effects on re-

sources.

An unrelated study in western

Montana explored the relative

deterioration oftrails attributable

to different types of recreational

use (Influence of llamas, horses,

Continued on page 8
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and hikers on soil erosion from

established recreation trails in

western Montana, USA. Environ-

mental Management 22(2):

255-62). The research had the

primary objective ofassessing the

relative effect of horses, llamas,

and hikers on sediment yield af-

ter a simulated rainfall on estab-

lished trails. A secondary objec-

tive was a better understanding

ofthe mechanisms by which trail

traffic increases erosion. The se-

lected study site was a 1.0-1.5-m-

wide trail section of Winkler

gravely loams (soil consisting of

clay, silt, and sand) with little en-

trenchment at an elevation of

1,250 m (4,100 ft). The habitat

was Douglas fir and heath. Vari-

ous trail traffic across seven plots

was applied duringjune andJuly.

Hikers wore non-lug-sole boots;

horses were fitted with cleated

shoes. Data were collected in dry

conditions and after simulated

rainfall. Under dry and wet con-

ditions, more sediment for ero-

sion was made available by

horses than by llamas, hikers, or

no traffic. More sediment became

available for erosion from use by

llamas than from no traffic, but

yield ofsediment for erosion did

not differ between llamas and hik-

ers. Traffic did not increase soil

compaction on wet trails but de-

creased soil bulk density on dry

trails. The decreased soil bulk

density negatively correlated with

increased sediment yield and

seemed to increase trail rough-

ness for horses but not for llamas

or hikers. The data may assist

managers with determining trail

use by type of user.

Ungulate fence design

improved

Members of the California

Department of Fish and Game
and the founding president of

Desert Wildlife Unlimited are of-

fering an improved fence design

to protect water sources for na-

tive ungulates (Andrew, N. G., L.

M. Lesicka, and V. C. Bleich. 1997.

Wildlife Society Bulletin 25(4):

823-25). They set 1.5-m-long t-

posts on 3-m centers and placed

horizontal rails of either 25-mm

steel pipe or 15-mm steel rebar

at 50 and 100 cm above the

ground. The rails were either

welded or wired to the outside

of the uprights. An additional t-

post was attached to alternate

uprights at a 30-degree angle on

the inside of the enclosure to

strengthen and stabilize the fence.

The fence required about 30%

less material and was less expen-

sive than most earlier designs of

such fences. The fence permits

access by native ungulates but

precludes access by feral equines

(or livestock). The fence was

placed around eight water

sources in the field and was moni-

tored 1989-95. Evidence of feral

asses outside each of six

exclosures was seen on all 127

inspections. Evidence of feral

asses inside one enclosure was

seen only once, namely when the

fence had been dismantled by

vandals.

Politics of wildfire

analyzed

Severely dry conditions and

gale-force winds promoted the

spread of wildfire in the Greater

Yellowstone Ecosystem in 1988.

This ecosystem comprises Yel-

lowstone and Grand Teton Na-

tional Parks, seven adjacent

national forests, and several other

federal, state, and private lands in

Idaho, Montana, and Wyoming.

Approximately 995,000 acres or

45% of Yellowstone National

Park burned. Another 590,000

acres in surrounding areas were

affected by the fires. Ecologists

and land managers largely agree

that the fires were an ecologically

important natural disturbance

and that little could have been

done to stop them. Policy mak-

ers on the other hand viewed the

fires as failed policies, and many

citizens lamented the destruction

ofthe park the loss ofwildlife and

beauty, and the adverse effects on

the economy of surrounding

communities. Many branded the

federal government's fire policy

a failure; however, scientific re-

search and even casual observa-

tions revealed that wildlife in the

burned areas abounds, trees are

growing, and beauty prevails.

The nearby communities did not

suffer great economic hardships.

In fact, nationwide publicity of

the fires seems to have promoted

the growth oftourism. The great-

est damage may not have been

from the fire, but from ridicule of

the government by the public,

abuse ofpublic servants by mem-
bers of the Congress, attacks on

the integrity, intelligence, and

professional abilities of civil ser-

vants and their associates by the

media, and the public's loss of

faith in the federal fire policy.

Pamela Lichtman (1998. The

politics ofwildfire: Lessons from

Yellowstone. Journal of Forestry

96(5) :4-9) contends that a realis-

tic view of a fire policy must ac-

knowledge that clear rules for

every conceivable eventuality are

not feasible. Before they can elicit

support for natural fire and con-

fidence in the federal fire policy,

managers and ecologists must

realize that the citizens' and poli-

ticians' view ofwildfire as a crisis

can undermine the stability of

natural resource agencies. An
honest appraisal of how much

control humans have over wild-

fire must be clearly communi-

cated to the public. The ecologi-

cal objectives of a natural fire

policy should be persuasively

presented to resource constituen-

cies and policy makers. Ideas and

suggestions must be solicited

from the public. Collective deci-

sion making cannot be ruled out.

Quite importantly, people who
are involved in conservation of

natural resources cannot dissoci-

ate themselves from politics.

They must understand how land

management policies and ecosys-

tem processes are interpreted and

reinterpreted by citizens, elected

leaders, and the media. Multiple

realities and relative standards

cannot be eradicated, and ecosys-

tem management cannot

progress until these realities be-

come less disparate.

Fire and ecosystem

management

A symposium at the 1997 an-

nual meeting of the Ecological

Society ofAmerica (Fire for res-

toration ofcommunities and eco-

systems. Bulletin ofthe Ecologi-

cal Society of America 79(2):

157-60) addressed (1) fire as a

necessary and viable option for

ecosystem restoration by forest

land managers; (2) operational

use offire in restoration in a com-

plex and sometimes hostile

sociopolitical environment; (3)

definition ofa natural fire regime

for a particular ecosystem; and (4)

duplication ofnatural fire regimes

by management plans that in-

clude prescribed fire. The over-

whelming message by speakers

at the symposium was that fire

must be an integral component

of ecosystem management be-

cause its prevention in ecosys-

tems where it was formerly com-

mon produced profound

alterations in historic ecological

conditions. The speakers re-

flected the 1996 policy by the

Secretary of the Interior and the

Secretary of Agriculture that

"Wildland fire will be used to pro-

tect, maintain, and enhance re-

sources and, as nearly as possible,

be allowed to function in its natu-

ral ecological role." The sympo-
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sium clearly established the need

for and successful results of res-

toration with fire. The policy

must be brought to fruition not

only on federal land but in natu-

ral ecological communities in all

ownership.

Ecosystem management
activities in Southern

Appalachians compiled

Lewis Publishers have re-

cently released the book Ecosys-

tem ManagementforSustainability:

Principles andPractices Illustrated

by a Regional Biosphere Coopera-

tive. This volume (ISBN 0-

57444-053-5), edited byJohn D.

Peine (Cooperative Park Stud-

ies Unit, University of Tennes-

see) includes a forward by

Bruce Babbitt and contributions

from 50 authors. Principles of

ecosystem management from

several sources are included in

the introductory chapter. The

book uses the Southern Appa-

lachian Man and the Biosphere

Program to illustrate the prin-

ciples. Ofthe 23 chapters, 14 are

dedicated to the following com-

ponents of ecosystem manage-

ment: resource assessments

(Southern Appalachian Assess-

ment); environmental monitor-

ing (Great Smoky Mountains

National Park, among several);

management of a large carni-

vore (black bear) ; species repa-

triation (red wolf); manage-

ment of isolated populations

(brook trout); control of exotic

species (European wild boar);

control of pests and pathogens

(dogwood anthracnose among
several); air quality (Southern

Appalachian Mountain Initia-

tive) ; fire management, land use

planning (gateway communi-

ties); managing biodiverity in

historic habitats (grassy balds);

and climate change, ecosystem

stabilization and restoration

(Clinch-Powell River Basin ini-

tiative), and managing a threat-

ened ecosystem (high elevation

spruce-fir forest). There is a

chapter on the role ofinstitutions

in ecosystem management.

Through the multi-authored

contributions to this book, docu-

mentation of a comprehensive

spectrum ofecosystem manage-

ment and sustainable develop-

ment is achieved.

The influence of land

ethics on forest policy

Data from a nationwide survey

ofUSDA Forest Service employ-

ees were used to compare the

land ethics between foresters and

other natural resource profession-

als and to examine the relation

between one's land ethic and pre-

ferred forest policy options

(Brown, G., and C. Harris. 1998.

Journal of Forestry 96(1):4-12).

The comparison revealed that

foresters embrace a more utilitar-

ian land ethic than biologists and

other natural resource scientists

in that service. Because the num-

ber of foresters, engineers, and

range managers in the agency is

declining while the number of

natural resource scientists is

growing, future management of

national forests may be changing.

Needs assessed for

marine waste disposal

facilities

The Clean Vessel Act of 1992

(P.L. 102-587) provides for the

distribution ofgrants to states for

construction, operation, and

maintenance of pump-out sta-

tions for portable toilets on boats

in the United States. The article

"Environmental management of

human waste disposal for recre-

ational boating activities" (Shafer,

E. L., and J. Yoon. Environmen-

tal Management 22(1):99-107) is

the description ofa method that

Pennsylvania used to es

timate the number of

pump-out facilities and

dump stations it

needed to service power

boats of 16 feet in length to

more than 40 feet during the

May-November boating season

on seven major water bodies. The

estimation required the collection

ofinformation about the number

and type of power boats on the

water bodies; the number of

boats with portable toilets or type

III marine sanitation devices; the

means by which boaters disposed

of human waste; the number of

marinas, boat docks, yacht clubs,

and areas of congregation of

boats in the state; the number,

type, and condition of human

waste pump-out facilities and

dump stations; and the number

of additional facilities the state

needed to adequately service the

current number of power boats.

The information was collected by

mailed questionnaires from a

sample of 28% of 9,770 boaters

and from 33% of all 212 marinas

and boat docks in the coastal

zone and inland waters ofPenn-

sylvania. Statewide averages of

the number oftimes a boat emp-

tied a portable toilet or a holding

tank, marina service time per

sanitation device, number of

hours of marina operation per

weekend and weekdays, and

number of weekends a marine

operated during the boating sea-

son were used to estimate the re-

quired waste reception facilities

for each of seven major water

bodies. The study also revealed

valuable information about vari-

ous aspects ofwaste disposal. The

authors discuss the limitations ofthe

results and make suggestions for the

improvement ofthe method.

Leopold Institute

publishes research

abstracts on Web

As many readers know,

the Aldo Leopold Wilder-

ness Research Institute in

Missoula, Montana, is the only

research group in the nation dedi-

cated to developing and commu-

nicating the knowledge needed

to improve management of wil-

derness and other natural areas.

Founded by the USDA Forest

Service in 1967, the Institute op-

erates under an interagency

agreement among four wilder-

ness management agencies ofthe

federal government and the

USGS Biological Resources Di-

vision. Together, scientists and

managers from these agencies

conduct, support, and coordinate

research cooperatively on the

biological and social attributes

and benefits of wilderness, and

threats to the same attributes and

benefits. Additionally, the Insti-

tute provides managers, educa-

tors, policy makers, other scien-

tists, and the public with the

results of its studies. Some 340

professional research papers,

technical reports,journal articles,

and books have been published

since 1969 on various wilderness

management issues. A compre-

hensive bibliography of these

publications is now listed on the

Institute's Web site at www.
wilderness.net/leopold; abstracts are

available for papers published af-

ter 1984. The Leopold Institute

also has a new e-mail address

( I e o p o 1 d _ institute/
nnrs_missoula@fs.fed.us) and wel-

comes inquiries, p
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Book Review

Restoring Diversity:

Strategies for Reintroaintion
of Endangered Plants

Edited by D. A. Falk, C. I. Millar, and M. Olwell

A book review by John T. Tanacredi, Ph.D.

As Restoring Diversity: Strategies for

Reintroduction ofEndangeredPlants

. points out, restoration ecology is

"mostly about restoring hope." Edited by

D. A. Folk, C. I. Millar, and M. Olwell, Re-

storing Diversity can help the reader to re-

gain the rhythm of the "environmental

ministry." This book gives hope to those of

us in the business of trying to reverse de-

cades ofhuman-induced impacts and deg-

radation to natural systems. Though not of

"biblical proportions," Restoring Diversity

has certainly "found me." This publication

should be "Gideonized" for all park managers.

Restoritig Diversity is divided into five

major divisions: (1) Policy for Reintroduc-

tion; (2) Biology ofRare Plant Reintroduc-

tion; (3) Reintroduction in a Mitigation

Context; (4) Case Studies; and (5) Guide-

lines for Developing a Rare Plant Reintro-

duction Plan. The introduction defines the

language of restoration, including such

terms as "enhancement," "reclamation,"

"revegetation," "reintroduction." Yet despite

these definitions, the authors continue to

emphasize that restoration is "characterized

to a marvelous degree by uncertainty, risk,

and unpredictability." They do not make

any apologies for what little preservation

of natural systems exists today. Although

heavy on "strategic" planning, the authors

also provide practical applications and case

studies.

Part 1 : Policy for Reintroduction

The authors of Restoring Diversity offer

no panaceas, pointing out that "in a

wounded world," we have little choice but

to intercede to halt or block wholesale

eco-victimization. Even with the consider-

able number oflaws passed with the inten-

tion of protecting and preserving natural

areas in perpetuity, the loss of biological

diversity continues in a rampant and insen-

sible manner. To make matters more diffi-

cult, even though there is a greater aware-

ness and appreciation for restoration and a

revitalization of"managed natural areas," the

"biological understanding for relocation or

reintroducing species, populations, and com-

munities is poorly developed."

Chapter 1 by Larry Morse, "Plant Rarity

and Endangerment in North America," sets

the tone for the remainder of the book by

stating that "most reintroduction and res-

toration projects should be considered ex-

perimental supplements to in situ

conservation." Discussion ofspatial and bio-

logical scales ofreintroduction assumes that

the goal of rare species is to survive rather

than be made common. The book thus em-

phasizes the difficult management task of

attention to the entire landscape, includ-

ing immigration-extinction, zone flow and

dispersal, pathogenic impacts, habitat in-

fluences, and biogeochemistry. If at all pos-

sible our goal should be "stability" through

prevention of habitat fragmentation.

Discussions of reintroduction at a re-

gional scale and the use of the "original"

site status for rare species as the reference

point for reintroduction is most applicable

for the National Park Service, since the au-

thors question "how recently must we
document the original presence on a site?"

The authors say that many conservation-

ists "would probably be comfortable with

10 years rather than a scale of hundreds of

years unless anthropogenic pollution or

causes ofextirpation heavily influence spe-

cies existence at a site." Those of us in fed-

eral service realize that we may never see

such a progressive restoration program,

because we continue to document rare

plant species in a time frame ofthe annual

base funding for such programs. We need

to look more critically at the reintroduc-

tion of native species based on a docu-

mented existence in the past, and the

complex causative fac-

tors that were responsible for the loss of

metapopulations. The authors suggest that

we should not be "overly narrow [in our]

definition ofthe site oforiginal occurrence."

In New York City, for example, a locally

rare plant (Cypenis sc/iweinitzii) was found

on an abandoned, concrete airfield runway

that had deteriorated after 50 years of no

or little use. The two small plots were iso-

lated and fenced in. If we hadn't invento-

ried the site prior to our reclamation effort

(spreading wood chips and letting natural

revegetation occur), we would have lost this

rare plant population.

Of special interest to me were the dis-

cussions on finding single populations of

rare plants, which reemphasized the des-

perate need for unbiased monitoring to as-

sess conservation effort success. Inventories

these days are all too often conducted for

environmental impact statements by "en-

vironmental consultants, contractors, or

developers," who have a vested interest in

keeping species numbers and diversity lev-

els low, and who are certainly not inter-

ested in long-term preservation.

The chapter on regulatory policy by C.

B. McDonald should be pulled out by land

managers and kept near their telephones.

This chapter emphasizes the Endangered

Species Act (ESA) and was interestingly

skewed in its discussion on permitting,

pointing out that "no permits are required
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under U.S. Fish and Wildlife Ser

vice implementation of the

ESA for threatened and endan-

gered (T&E) plants!" It was good

to see that the policy discussion cov

ered the intent of the ESA to protect

the "ecosystems" upon which all other spe-

cies depend. The rehabilitation ofimpacted

ecosystems is the goal, not just "save the

T&E species."

The Hawaiian experience with T&E spe-

cies is an eye-opener. Reading this section

should rekindle, or keep lit, the fire of en-

thusiasm and dedication to preserve wild

places before they become so degraded.

One interesting note was the fact that trans-

plantation and reforestation efforts designed

to reverse the widespread impact of cattle

grazing and agricultural development com-

menced in Hawaii in 1910 and continued

through 1960; however, none of the origi-

nally transplanted native populations exist

today! Today, of 103 species of native Ha-

waiian plants that have been transplanted

into wild or semiwild areas, 35 are at risk

of extinction. The discussion of "genetic

pollution" or hybridization is interesting

and should be the topic of a future confer-

ence proceedings.

Part 2: Biology of Rare Plant

Reintroduction

Though no real "success" criteria are ge-

neric enough to be used for all rare plants

and their reintroduction into natural sys-

tems, figure 6.3 covering what Bruce

Povlick identified in his paper as the mini-

mum viable population is important for

land managers to review. Yet, as Povlick

notes, a "minimum viable population" may
be extremely difficult to maintain, especially

in founding populations of rare plants.

Povlick's paper presents a number of ex-

cellent case studies that set the stage for

further exploration of the technical chal-

lenges ofplant restoration ecology. Site in-

troduction selection processes and

population genetics with a horticultural

perspective are covered by two well-refer-

enced papers.

Richard Primacks' paper on the use of

ecological knowledge to assist in reintro-

duction efforts emphasizes meeting all eco-

logical requirements in order to provide a

greater chance of success, measured by

population dispersal beyond the reintro-

'.»

duction site and the "establish-

ment of a dynamic meta-

population." Park natural re-

source management staff should

use this paper as an introduction to

the key elements that need to be identi-

fied before attempting to introduce rare

plants. The intensity of such an effort will

be daunting and should be acknowledged

in advance by management so that appro-

priate resources can be made available. R.

D. Sutter's paper reinforces this with his

chapter on "Monitoring." He states suc-

cinctly that "ifreintroduction is to be mean-

ingful in the long term, its proponents and

practitioners must acknowledge that design

and planting are but the first

steps in a commitment that

extends for many years."

Monitoring restoration and

reintroduction efforts is the

principle "feedback"

mechanism to guide future

efforts, to establish "suc-

cess," and to provide in-

put to bolster the scien

tific effort.

Book Review

canopy development, and overall marsh

functioning were most informative. Chap-

ters on the "Use of Corporate Lands" in

preserving plant biodiversity, and new di-

rections for rare plant mitigation policy

present several interesting approaches to

protecting rare plant species. A final chap-

ter in this section, "FOCUS: Rare Plant

Mitigation In Florida," is an excellent segue

into Part 4: Case Studies.

Part 4 presents a number of practical ex-

amples ofrare plant reintroduction projects

with their "re-introduction history." Ex-

amples ofdifferent taxa are provided. Each

case includes information on threats to the

population, endangerment status, site re-

quirements, and

Restoring Diversity.

.
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Part 3:

Reintroduction in

a Mitigation

Context

As the editors note,

"the most controver-

sial application ofre-

introduction and

restoration" is

when it is required

or recommended as mitigation ofsome regu-

latory or developmental actions. I am sure

all NPS superintendents have experienced

a wide range of proposals purportedly be-

ing "mitigatable" through the environmen-

tal assessment and analysis process. Few of

these projects are ever monitored to see if

the mitigation actually worked.

Ken Berg introduces us to the definitions

ofmitigation and A. H. Howald reveals the

complexity of actions necessary in the

"California Experience," revealing pitfalls

and anticipated costs and presenting site

case studies. I. B. Zeller's paper on created

wetlands in California is directly applicable

to east coast tidal marshes, and the lessons

learned from fertilization requirements, al-

tered predator population dynamics,

reintroduction

conditions. Even

funding levels are

provided to help

sort out applicability

to your individual

needs. The book con-

cludes with Part 5,

"Guidelines for Devel-

oping a Rare Plant Re-

introduction Plan,"

which could be used to

help justify the imple-

mentation of a rare plant

reintroduction program in

any national park unit.

This is an excellent work

that should help provide a

foundation in the practice of

restoration of natural sys-

tems. I recommend that all

natural resources staffand superintendents

in the National Park Service read it and then

put into their respective libraries for future

reference, p
S
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Imparts to river

studied in lion Narrows

ByMm J. Shakarjian and Jack A. Stanford

Of all the recreational opportunities

provided by Zion National Park

(Utah), hiking the Virgin River Nar-

rows (fig. 1) is among the most popular ac-

tivities. Annually, thousands ofpeople wade

into the waters ofthe North Fork Virgin River

to enjoy its scenic steep-walled canyon, com-

monly known as The Narrows. The Narrows

is not only a favored hotspot for river recre-

ation, but also a biological oasis within the

upper Colorado River system that contains

critical habitat for a number of riverine spe-

cies. While visitors enjoy the canyon experi-

ence, their wading activity disrupts the

riverbed, altering the habitat ofbenthic (bot-

tom-dwelling) organisms and potentially re-

ducing populations.

Concern over the potential impacts ofwad-

ing on river biota in the North Fork Virgin

River led to a cooperative study by the Na-

tional Park Service and researchers from the

University of Montana, Flathead Lake Bio-

logical Station. In spring 1996, we began a

study to characterize zoobenthic biomass at

different locations in the river corridor. Rec-

reational river use varied among sites and we
expected to observe an impact gradient where

low biomass was associated with intensive

visitor use (trampling).

Visitors can enter the Narrows canyon from

both an upstream and downstream location.

To gain access from the upstream location,

hikers are required to obtain a backcountry

use permit. We relied upon the permit data

to estimate hikers traveling downstream, and

monitored wading activities on six separate

days in August and September 1996 to esti-

mate hikers traveling upstream from the

downstream access point. Using this infor-

mation, we were able to determine the aver-

age number ofhikers per day passing each of

our seven benthic sampling sites, providing

an estimate of trampling impact at these lo-

cations. Three replicate samples were col-

lected from each sampling site to determine

zoobenthic biomass, using ash-free dry mass

(g/m2
) and density (individuals/m2

).

Estimates of trampling impact within the

river corridor revealed a gradient ofdecreas-

ing impact upstream for all six days of the

study. Trampling impact was the greatest at

the most downstream site, located at the end

of the Riverside Walk trail

(mean =2,006), but decreased

rapidly with less than 30% of

the waders continuing a mile

upstream to the next site at

Orderville Canyon (mean =

609). Levels oftrampling were

very low at sites deep within

the canyon. Less than 5%
(mean =125) continued to the

next upstream site at Big

Springs and the least amount

ofwading activity occurred at

the uppermost site (mean =

95).

With the trampling gradient

established, we determined

that sites with any trampling

exhibited reduced benthic bio-

mass when compared to their

reference sites (no trampling),

with the greatest decline oc-

curring where trampling im-

pact was most intense. The

impact of hikers heading up-

stream from Riverside Walk resulted in a sub-

stantial decrease in biomass, but less than

one-third of the waders actually hiked one

mile upstream. Therefore, the heavy impact

directly associated with the number of hik-

ers is limited, with less than 70% of waders

hiking just a short distance upstream from

Riverside Walk.

A complicating factor in this kind ofanaly-

sis is the longitudinal change of the river it-

self Although trampling impact was lowest

at the most upstream site, the river is very

narrow there (a few meters) and confined in

spots by the canyon, forcing hikers to walk

in the riverbed for long stretches. The size of

the stream and lack ofa riparian zone results

in the riverbed being thoroughly disturbed

by wading activity and a significant reduc-

tion in zoobenthic biomass, even though the

trampling impact was quite low by compari-

son.

In the Virgin River Narrows, we found the

level ofrecreational river use and site charac-

teristics to be clearly associated with

zoobenthic biomass throughout the river

corridor. Our study illustrates that the tram-

pling impact of hikers creates a serious habi-

tat disturbance where the severity of the

Figure l The lion Narrows is o spectacular river corridor that is

very popular among hikers at various times of the year. The

study examined the relationship between trampling of the

aquatic environment and impacts to the organisms that live in

the riverine habitat.

impact is dependent upon the level oftram-

pling and river characteristics.

The North Fork Virgin River in Zion Na-

tional Park is critical habitat for a number of

desert fishes, which have experienced a steep

decline in numbers throughout the South-

west and now exist only in isolated popula-

tions. Similarly, the stonefly, Isogenoides

zionensis, is considered rare throughout its

range; however, it thrives in the canyons of

Zion National Park and can be found there

in very high numbers. Many other impor-

tant species also exist within this riverine habi-

tat. The impact from intense recreational river

use may threaten the viability ofthese popu-

lations due to habitat disturbance and the

disruption of a healthy riverine food web

based on benthic organisms, p
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A superintendent speaks out on the value
of inventory and monitoring

Remarks of Superintendent Karen Wade, Great Smoky Mountains National Park

Editor's Note: Late last summer, Great Smoky

Mountains NationalPark (Tennessee <Sf North

Carolina) hosted the annual training session of

the NPS Inventory and Monitoring Program.

The weeklong eventfeatured diefollowing lecture

by SuperintendentKaren Wade. Abridged here,

her remarks to the 25 courseparticipants

resultedfrom a conversation with Keith

Langdon, theparkI&MProgram Manager.

I'm
pleased to have an opportunity to talk

about the importance of inventory and

monitoring from a superintendent's per-

spective. Having served in both large and

small areas, historic and natural, in four re-

gions of the system, I've begun to develop

some perspective on resource management

that may be ofvalue.

For the most part, parks were established

for their scenic and cultural characteristics and

their economic value to local or regional com-

munities as an attraction. The National Park

Service has always managed them mostly

from that standpoint. Therefore, Great Smoky

Mountains National Park, for example, has

become known more for its huge visitation

(10 million visitors a year) rather than for be-

ing a refuge for one of the richest and most

diverse collections ofplants and animals in the

temperate world.

Like the Smokies, most ofthe parks in the

national park system are still relatively un-

known biologically. We have probably drasti-

cally underestimated the biologic value of

parks, since we have only just started a

servicewide approach to inventorying.

Larger parks are recognized for their natu-

ral values largely because the public hears

about issues related to charismatic megafauna,

catastrophic fire, and so on. But the reality is

that most park units are smaller historical

parks. A significant percentage of these are

military sites originally selected for their im-

portance during the Revolutionary and Civil

Wars. As strategic sites, they represent re-

gional geologic prominence or are situated

at the confluence ofcoastal or river systems.

Nonmilitary units are also often located on

sites with unusual habitats. The interesting

result is that these units represent both re-

gional and national biodiversity and contain

many rare species and regional endemics.

Many ofthese units have been protected for

many decades, being perhaps only lightly

grazed at most, and contain natural habitats

that have long-since disappeared from the

surrounding landscape.

As an example, when Keith Langdon from

my staff visited Shiloh National Military

Battlefield in Tennessee several years ago he

called attention to the fact that the park con-

tained 150 acres of southern bottomland

hardwoods that had never been cut. This is

an unusually large and representative sample

of that habitat. In addition, Shiloh preserves

rare lichens. I really enjoyed a recent exchange

with Superintendent Woody Harrell as he

bragged about having more species offish

than the Smokies. I thought that was good

news... a superintendent who understands

that it's the diversity of the resources that

matters, whether natural or cultural. I also

know that Stones River National Battlefield Park

in Tennessee has plants not represented else-

where.

The superintendents of the Appalachian

Cluster have begun to realize that not only

have we underestimated die value ofthe natu-

ral resources on these sites, but that the state

and federal agencies that normally use pub-

lic lands for inventory work have always kept

a hands-off attitude towards these federal

enclaves. Even they don't have a clue what

wonders exist on these lands. I wonder ifthe

public has even the remotest idea of the

wealth of resources on parklands. Interest-

ingly, we have tended to take credit for and

count the large populations of creatures in

large parks, but appear to have failed to take

credit for the whole range of natural com-

munities represented on smaller properties

dispersed throughout the eastern United

States.

Inventories are often seen as static lists of

"things." I thinkwe don't fully appreciate that

almost any of our parks contain surprising

holdings ifall species on the site were known.

Inventorying becomes exciting when we
think of it as the opportunity to report the

treasures of regional endemics, taxa new to

science, unusually vigorous populations of

uncommon species critical to long-term sur-

vival, exemplary natural communities, and so

on. Some large, biologically complex parks

may have many more "things," but most

parks, regardless oftheir founding legislation,

contain elements that make up an exciting

array representative ofthe diversity ofour na-

tion, region, and locality.

Ifinventories tell managers the full story of

(1) what resources they have, (2) where these

resources are, and (3) associate the species with

other species, sites, and phenological data,

then managers will have a potent tool for

making intelligent decisions, taking action,

and defending parks against misguided and

uninformed decisions and actions from within

and outside the park. This type of informa-

tion allows us to be good land stewards within

a regional ecosystem context.

In my view the real threat to parks is igno-

rance. The possession ofsound scientific data

is often decisive in the political arena in which

superintendents, regional directors, and

agency directors must operate.

Long-term ecological monitoring is the

logical extension of a thorough inventory

whether applied to big natural areas or small

cultural areas. A monitoring program must

be knit together to track key ecological pro-

cesses within the larger system ofwhich we
are a part (we can't track very many indi-

vidual species). The components of the sys-

tem should be related to one another so that

we can better understand ecosystem function.

Once we have data from a site or a water-

shed, we have an early warning system that

we can defend in a public forum or in court if

we have to.

I like to use the Smokies as an example of

how critical this is. Some areas here receive

300% more air pollution than others. This is

significant in choosing the sites where we
monitor air pollution and in choosing the

watersheds we study. The associations help

us understand the system and explain our

case, for in the final analysis we need to score

for the advantage. We can do that by under-

standingallthe relationships ofour resources and

helping our allies understand them, too. In most

places, we cannot hope to ever have the ability

to monitor everything, and we have learned that

See "Wade" in third column on page 39
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Figure I. Among the many needs for

native plants at Lake Mead National

Recreation Area is the restoration of

abandoned roads. Routine

automobile traffic and camping took

their toll on this desert campsite in

the creosotebush plant community.

Closed by the park years ago, the

site has since undergone

restoration.

Reflections on a desert nursery operation
Need native plants for restoration projects? Establishing a park nursery is one
solution, but should be considered carefully

By Alice C. Newton; photos by the editor

Lake Mead National Recreation

Area (Nevada and Arizona) en-

compasses 1.5 million acres of

which 1.2 million are land-

based. The park is managed for conserva-

tion while providing recreational and other

outdoor opportunities. Spanning three of

the four great American deserts-Great Ba-

sin, Mojave, and Sonoran-this national rec-

reation area is rich in natural resources,

many of which are poorly known biologi-

cally. This incredible coverage ofthe South-

west allows for great diversity in plant

communities, such as yellow pine and pin-

yon-juniper woodlands, creosote-bursage

scrub, Joshua tree woodland, desert ripar-

ian woodland, alkali meadows and aquatic

herb, and gypsum barren scrub. Providing

native plants to meet the needs of various

resource management projects in these

plant communities has become quite a chal-

lenge.

At Lake Mead, we use native plants for

landscaping and restoration work. Our
plant selection guidelines state that only na-

tive plants (with certain exceptions) will be

used for landscaping and restoration in park

housing, campgrounds, and other visitor ar-

eas. Concessionaires and private property

owners within the park are also encouraged

to use native plants obtained from the Na-

tional Park Ser-

vice. Restoration

projects to date

have involved pri-

marily off-road ve-

hicular damage,

road and utility

corridors, aban-

doned roads (fig.

1), and riparian ar-

eas following

eradication of the

nonnative tama-

risk. Future resto-

ration projects will

also include vast

areas of over-

grazed scrub and

grassland.

Opportunity

In 1991, I was

hired to remove

native vegetation

from and later re-

store approxi-

mately 12 miles of Lakeshore Road that

were being widened, rebuilt, and in some

places, moved (fig. 2, a & b). The position

was classified as "temporary,

not-to-exceed four years" be-

cause this was the anticipated

duration of the road project.

This project, funded by the

Federal Highways Adminis-

tration, was a catalyst for the

park to begin addressing its

'ia.--'^. I 1
Fig. 2. (a., above). Reared in the

nursery, native plants such as ash and

desert willow (b., right) were used to

landscape the margin of the road

serving the visitor center. The

nursery resulted primarily from

native plant needs brought about by

a major rood construction project.
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Figure 3. Protected from strong desert sunlight by a shade cloth laid over a steel frame, the Lake Mead

nursery currently provides space for approximately 3, 000 plants. The plants get their start in the

greenhouse (upper middle part of photo) before being moved to watering stations (foreground) for

additional growing time. Pipes made of PVC serve as slide-through pots, allowing resource managers to

transplant the seedlings to various restoration sites around the park with minimal disturbance to

their long and delicate roots.

long-term needs for native plant material

for other projects. My function was soon

viewed as serving the specific needs of the

road project and the general needs of the

park, and my position was converted to per-

manent. With additional park funding, we
expanded the newly established nursery be-

yond what was needed for the road project

and began propagating and maintaining

plant material for other park purposes.

Quite frankly, building and operating a

native plant propagation facility is a little

tougher than it sounds. My education is in

ornamental horticulture with dual empha-

sis on park and nursery management, and

landscape design and construction. I

learned greenhouse and irrigation systems

engineering along with plant propagation

and nursery facilities management. My
practical experience included nursery op-

erations and native desert plant propaga-

tion at a state facility, and landscape

construction for private contractors. Even

though I had the right education and some

experience, building the nursery was an in-

credibly time consuming and expensive

task. A productive, permanent operation re-

quires considerable commitment not only

from the nursery manager, but also from

the nursery manager's supervisors and

park management.

Considerations

Ifyou are contemplating building a nurs-

ery to serve park needs, here are a few

things to consider. Where will it be located,

and how much land will you need? If built

within a park, must land be disturbed, or

can land be rented for this purpose outside

the park? Do you have a reliable cost esti-

mate for the construction of the nursery?

Does the park have the expertise to build it

or will you have to hire contractors? Do
you have access to electricity and large

amounts ofwater suitable for irrigation, and

how reliable are these supplies? Does your

location have good sun exposure for at least

8-10 hours a day, with a suitable microcli-

mate? Can the nursery be kept secure from

theft, vandalism, and herbivory? Do you

know how many, what size, and what spe-

cies of plants will be needed and when?

How much flexibility will you have or need?

Do you have, or have access to, up-to-date

technical knowledge of irrigation and

greenhouse management methods? Where
will you get supplies? Is knowledgeable as-

sistance available during vacations or emer-

gency situations? How fast can someone

respond to a facility maintenance emer-

gency? Is management willing to commit

long term to budgets and personnel?

These are important questions that must

be answered. For example, at Lake Mead

we had no suitable place to build our facil-

ity outside the park, so we built it inter-

nally. Fortunately, we were able to use the

site of an old sewage lagoon, previously

disturbed land, which was secure. Unfor-

tunately, we had to run power and water

to the site at a cost of approximately

$15,000. We considered using treated ef-

fluent for our water source, but found it too

salty for use on container plants. (We do

use it for flood irrigation, however.) We
spent $6,000 to surround 2 acres with

chain-link fence and quarter-inch wire

mesh to exclude animals and provide se-

curity, and another $6,000 on irrigation ma-

terials. Our greenhouse (only 180 sq ft-fig.

3) was built with volunteer labor and about

$200 in materials, but we spent about

$3,000 on the office and secure storage

building. The 16 ft x 32 ft barn was built by

Boy Scouts as an Eagle Scout project, but

we provided the foundation at a cost of

$2,500. Whenever we used a contractor, if

we could get one to come out to the park,

we were charged a premium for driving

time.

Size

You may not think you want a nursery

as large as 2 acres, but consider your plant

needs over the next few years. How many

1-, 5-, or 15-gallon plants are you going to

need? Are you going to need space for sal-

vaged plants, soil, and equipment storage?

What happens to the plants when the

project is delayed for a year (or three)? Con-

sider access space, too, and keep in mind

that a 15-gallon plant may take two years

to grow to size. Or perhaps you will just

grow plants in very small containers, to save

space. You will need major greenhouse

space for that, at a considerable cost over

outdoor space. Also, plants in a greenhouse

are extremely vulnerable to environmental

disturbances. In the desert, a greenhouse

without power will soar to over 130°F in a

few minutes in the summer, and will drop

Building a nursery to meet the native plant needs of various resource

management projects at the park required careful consideration of

human and fiscal resources

See "Lake Mead" on page 16
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"Lake Mead" continuedfrom page 15

to well below freezing in a few hours in the

winter. Higher humidity can allow devas-

tating fungal or insect infestations, but tiny

containers and seedbeds need to

stay very moist. The longer a

plant is in the house, the greater

the cost.

You may have the space, the

water, the power, the money, the

construction capability, the time,

and the ambition. But so far we
have only discussed the easy stuff,

the onetime headaches. Doing

your homework, indeed, will pre-

vent some real migraines down
the road, but you are still bound

to have some problems.

Staffing

Since Lake Mead has such a

wide array ofplant communities,

we often grow plants with vari-

able requirements for water, sun-

light, and nutrients. We have

containers ofdifferent shapes and

sizes, different soil mixes, nutri-

ent mixes, and hormone concen-

trations. There are several stations

for irrigation, capable ofusing one

of four different watering sched-

ules, and each using a bewilder-

ing array of parts (fig. 4). Even

though our nursery is not particu-

larly big or complex, nobody just

walks in and understands exactly

how we operate. An experienced

nursery worker will catch on

pretty fast, but everyone else will

need a lot of training.

Keep in mind, too, that ab-

sences must be covered. As the nursery

manager, you are responsible for the care

ofyour plants 24 hours a day, seven days a

week. I strongly urge anyone thinking about

building and operating a nursery to con-

sider splitting the responsibilities between

two people. This does not necessarily mean

two full-time staff, but the nursery manager

should always have trained staffto fall back

on during vacations, other projects, illness,

and other emergencies. Someone who
knows how to repair a valve or major line

break, program the clock, and is familiar

with the watering needs ofindividual plants

is invaluable to any nursery. This is most

easily accomplished when the backup per-

son is a part of the daily operations and

knows the routine.

Figure 4. Raised in a harsh desert environment, plants at the nursery

require constant care while the bewildering array of plastic watering

lines demands continual vigilance. A power outage, leak, or break in a

line could spell disaster for these fragile propugules in a relatively

short period of time.

Weighing alternatives

By now you may be reevaluating your

notion to start a production nursery. What
are the alternatives? Perhaps you could

share expenses with a nursery already es-

tablished in your cluster in exchange for

plant material. Among the desert parks of

the Pacific-Great Basin Cluster two have

production nurseries, one at Lake Mead
and the other atJoshua Tree National Park.

Thejoshua Tree operation is geared toward

arid plants such as creosotebush (Larrea

tridentata) and bursage (Ambrosia dumosa),

while the Lake Mead operation can accom-

modate several thousand riparian plants

such as Goodings willow (Salix gooddingii)

and cottonwood (Populusfremontii). The re-

maining desert parks in this cluster may
take advantage of these facilities when
needed. Perhaps you have an agricultural

or horticultural college, a Natural Resource

Conservation Service facility, or

a private production nursery

within a reasonable driving dis-

tance of your park that would

grow materials for you under con-

tract. Be aware, however, that

contract growing has certain dis-

advantages that include inflexibil-

ity and lack of knowledge of

native plant propagation and

maintenance. Many native plants

have no established methods for

reproduction in a nursery, and

trial and error propagation by a

contract grower may prove to be

very costly. Additionally, many

contract nurseries are not ori-

ented toward genetic diversity,

preferring to clone plants like fac-

tories. But ifyou require material

for one project only, a good con-

tract grower may bejust what you

need.

Eight years ago, Lake Mead
National Recreation Area had no

means of addressing its growing

need for native plant material. In

contrast, during 1999, the park

will devote a full-time position to

rearing almost 10,000 plants of30

species for use in five major park

projects. Additionally, we will be

able to provide material for many

smaller landscaping and restora-

tion projects. What began as a

way to meet the needs of a road

restoration project has lead to an

ongoing nursery operation to

meet the needs of the park for the long-

term supply of genetically diverse, native

plant materials. Filling this niche for the

park is personally satisfying, as is getting

out in the nursery early in the morning,

sharing space with birds and the occasional

rattlesnake, and caring for the living beings

I helped to create. The journey has been a

real challenge, but over all, well worth it. p

Alice Newton is a Resource Management

Specialist at Lake Mead National Recreation

Area, 601 Nevada Highway, Boulder City,

Nevada 89005. She can be reached at 702-

293-8977; alice_c._newton@nps.gov.
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Figure 1. In 1994, Mount Rainier National Park

constructed a "coldframe" to serve several purposes.

Its primary function is to provide growing space to

"harden off" recent transplants (established in the

greenhouse) before moving them outdoors to the

lathe house. During winter the space is used for

stratifying seeds, mixing medio, and washing pots.

This spring recently potted heathers (2-3 years old)

will be moved here.

The propagation of three greenhouse programs
in the Pa<ifi< Northwest

By Regiha M. Rocheeort, Matt Albright, and Pat Miliiren

Restoration ofhuman impacts has

been an integral part of park

management in the Pacific

.Northwest for over 50 years.

Photographs from the archives of Mount

Rainier National Park (Washington) illus-

trate revegetation of damaged areas in the

subalpine life zone as early as 1930. In the

1970s, backcountry hiking reached record

highs in Olympic and Mount Rainier Na-

tional Parks, creating the need for many of

our current restoration projects.

Small beginnings

In 1970, park volunteers Joe and Marga-

ret Miller began a project in North Cas-

cades National Park (Washington) that

provided the catalyst for the complex res-

toration programs that now exist in North

Cascades, Olympic, and Mount Rainier Na-

tional Parks. The Millers showed that

greenhouse propagation ofhigh-elevation,

native plants was possible and greenhouse

transplants would survive in subalpine en-

vironments. In 1989, a regional revegeta-

tion committee was established. This

committee provides a forum for discussion

of field restoration and greenhouse meth-

ods. Although the committee meets infre-

quently, restoration specialists in the three

parks talk frequently and try to meet at least

once a year.

Currently, all three parks have restora-

tion programs that use both greenhouse

plants and on-site techniques such as seed-

ing, layering, and transplanting. Green-

houses in each park were funded by

different sources and have different staff-

ing levels. Restoration personnel collabo-

rate on development of greenhouse

techniques, monitoring systems, and field

guidelines for collection of plant materials.

Each park has different specialties: North

Cascades opened the door to greenhouse

propagation of native species; Olympic

made high-volume production of native

heathers commonplace; Mount Rainier fo-

cused on plant collection guidelines and di-

versity in species production. Recently, we
have collaborated on a Challenge Cost

Share project with Dr. Yan Linart of the

University of Colorado. The goal of the

project is to develop plant collection guide-

lines that protect genetic diversity of na-

tive species. Field research was conducted

on two species common to each park: As-

ter alpigenus and Carex spectabilis. Our in-

tent is to develop guidelines that can be

extended to other species with similar life

history characteristics. Although the main-

stay of each program has been high-eleva-

tion species, we are all venturing to

lower-elevations species. Our reason for

writing this article is to let others know the

many different routes we have used to fund

our programs and continue to manage

them. We welcome questions, discussions,

or suggestions from others contemplating

or managing greenhouse programs.

Complex of North Cascades parks

In 1969, soon after the park was estab-

lished, Superintendent Roger Contor rec-

ognized the problem ofexisting vegetation

damage and the potential for increased

damage at subalpine passes within the com-

plex (North Cascades National Park and

Ross Lake and Lake Chelan National Rec-

reation Areas). Camping and climbing im-

pacts were apparent at Cascade Pass, which

was also an ancient trail used by native

people traveling to the "east side" of the

state. Other passes would become more

vulnerable as State Route 20 was completed

providing a route to the east side. In 1969,

the superintendent hired Professor Dale

Thornburgh, Humboldt State University, to

survey bareground impacts at several passes

and make restoration recommendations to

the park (Thornburg 1970). Subsequently,

longtime park advocates Joe and Margaret

Miller volunteered to begin on-site reha-

bilitation experiments at Cascade Pass. Af-

ter spending a couple of summers in the

field, the Miller's started propagating na-

tive plants in their home greenhouse. By

1975, they convinced the park to build a

small cold frame (48 sq ft).

See "Northwest" on page 18
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"Northwest" continuedfrom page 17

In 1976, Park Ranger Bill Lester, with the

Miller's help and labor from the Young

Adult Conservation Corps built the park's

first small greenhouse (800 sq ft) in the town

of Marblemount. Lester and numerous

Native Plant Society and other volunteers

donated many hours ofgreenhouse propa-

gation time in addition to field planting time

in an effort to restore the documented im-

funds. The funds are set aside for erosion

control projects around Ross Lake NRA.
Currently, the North Cascades revegeta-

tion program is supported by a ranger (Pat

Milliren) in the wilderness district. Pat's po-

sition is a nine-month subject-to-furlough

position; she supervises the greenhouse/

wilderness revegetation program. A 12-

week Student Conservation Association

(SCA) volunteer position is dedicated to the

program, and critical assistance is received

from Washington

Native Plant Soci-

ety, the Mountain-

eers organization,

and other volun-

teers. Most plants

are grown for im-

pacted sites in the

dent Robert Dunnagan stated that one of

their goals was a park-wide restoration pro-

gram that included an active greenhouse

propagation program. With advice from the

North Cascades staff, the greenhouse pro-

gram was initiated in 1984 with produc-

tion of 2,700 plants in 1985.

Over the past 12 years, greenhouse staff-

ing, budget, and structures have slowly in-

creased. Our first expansion was to obtain

an SCA to staffthe greenhouse for 12 weeks

each summer. Gradually, shade houses and

small coldframes were built with leftover

PVC pipes, lumber, and pallets from other

projects. We built lathe houses to protect

and harden-off plants during the summer

before they were transplanted in restora-

tion sites. Plant production increased each

year until 1988 when 10,000 plants were

Figure 2 (above). Affording some protection from the elements, the Mount

Rainier lathe house exposes seedlings to colder temperatures than they

experienced in either the greenhouse or the cold frame. Plants thus

accumulate carbohydrates (i.e., "harden off") and become better able to

withstand adverse environmental conditions.

Figure 3 (right). A donation enabled Mount Rainier to build this 18, 000 sq. ft.

greenhouse in 1995. Hative plants make their start in this temperature

controlled facility, which also includes plumbing and benches.

pacts at Cascade Pass and other backcoun-

try sites. Around 1990, Lester was able to

supplement the greenhouse budget by ob-

taining a contract to grow low-elevation

native plants for landscaping the site of the

park's new visitor center in Newhalem.

In 1990, Lester and Resource Manage-

ment Specialist Jon Jarvis obtained an

NRPP (Natural Resources Preservation

Program) grant to build a larger, more mod-

ern greenhouse for propagation. The new

greenhouse is adjacent to the ranger sta-

tion/wilderness information center so that

visitors seeking information and back-

country permits can see the greenhouse and

learn about the restoration program. The

new greenhouse was dedicated to the Mill-

ers in 1993. It encompasses 1,728 sq ft and

cost $62,000 to construct; construction of

outdoor beds, work areas, and shaded space

was completed in 1998 with financial sup-

port from Seattle City Light mitigation

subalpine zone (5,000-6,500 ft elevation).

Annual greenhouse production rates are

currently 1,000 plants per year. Species

grown include woody heather shrubs

(Phyllodoce empetriformis, P. glanduliflora,

Cassiope mertensiana) , grasses, and sedges

(Carex sp., Phleum alpinum, Trisetum), and

herbs (Antennaria sp. andPotentilla) . While

wilderness restoration focuses on subalpine

sites, the greenhouse will continue to pro-

duce plants for lower elevation sites for

specific projects in developed zones.

Mount Rainier National Park

Mount Rainier's greenhouse program

began in 1972 with the construction of a

240 sq. ft. greenhouse at park headquarters

in Ashford (about 1,500 ft elevation). This

greenhouse was used only sporadically until

the park established a botanist position in

1984. When the first author of this article

arrived at Mount Rainier, Superintendent

William Briggle and Assistant Superinten-

produced. In 1990, production increased to

16,000 plants when funding was available

to support a year-round seasonal biologi-

cal technician (Davis 1991; Rochefort and

Gibbons 1992). In 1994, a 20 ft x 48 ft

coldframe (fig. 1, page 17; cost $2,000) was

constructed for propagation of heathers

(Phyllodoceglanduliflora, P. empetriformis, and

Cassiope mertensiana) and other shrubs that

required two years in the greenhouse. The

lathe house (fig. 2) was slowly expanded to

cover 3,456 sq ft. In 1993, funding allowed

for a permanent horticulturist position (GS-

437-07) through the servicewide resource

professionalism initiative. Ann Bell was the

park's first horticulturist, and under her di-

rection plant production increased from

20,000 plants in 1994 to 40,000 plants in

1996. Additionally, we received a private

donation for $17,000 that the park was able

to match to build an 18,000 sq. ft. green-

house (fig. 3) in 1995 (total cost $38,000
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for materials and construction including

benches, electricity, and plumbing).

Currently, Mount Rainier grows about

20 species each year from a palette ofabout

50 plant species including shrubs such as

heathers and huckleberry (Vaccinium

deJiciosum) , sedges (Carex spp.), grasses, and

flowers (e.g., Aster spp., Potentillafabellifolia,

Erigeronperegrinus). Most ofour restoration

sites are in subalpine areas at elevations of

5,000-7,200 ft where we use species that

are easily grown from seed or soft wood

cuttings. Recently, we have started grow-

ing plants for restoration projects in the

low-elevation developed zone; project

funding covers propagation costs of S1-S3

per plant. The annual budget for the green-

house fluctuates with funding levels be-

tween $6,000 and $15,000 (park base) in

addition to the horticulturist's salary. The

greenhouse staff includes one SCA, volun-

teers, and often a GS-05 seasonal biologi-

cal technician. Most of our seeds for

greenhouse propagation are collected by

volunteers from the Olympia Native Plant

Society. With the construction of a new
greenhouse, we have increased annual pro-

duction to 70,000 plants and developed a

cadre of greenhouse volunteers under the

direction ofHorticulturist David Palumbo.

Olympic National Park

Backcountry revegetation for the resto-

ration of eroded and trampled sites in wil-

derness is not new to Olympic National

Park. Through the late 1970s and early

1980s revegetation was carried out at a

number ofpopular wilderness camping ar-

eas throughout the park. In those days we
used local transplants for spot planting in

impacted areas to restore local plant com-

munities. Although current projects rely

more on greenhouse plants than local trans-

plants, revegetation with plant material col-

lected at the site has always been an

important component of Olympic's resto-

ration program.

During 1987, the park constructed a

greenhouse for the production ofroad-edge

plants for a federal highways project along

the Sol Due road. This began a new ap-

proach in restoration at the park concur-

rent with greenhouse propagation

programs at North Cascades and Mount
Rainier National Parks. Seedlings and

rooted cuttings were propagated from plant

material collected from precisely defined

plant communities occurring along the Sol

Due road corridor. This program enhanced

existing contracts with private growers and

seed programs with the former Soil Con-

servation Service (now the Natural Re-

source Conservation Service). The
greenhouse is 20 ft x 40 ft and was con-

structed by park carpenters during the win-

ter. Total cost for the greenhouse is

estimated at $22,000-$25,000; $13,000 for

materials and the remainder for labor by

park carpenters. Funding was provided by

park base and project funding. The success

of the Sol Due restoration program dem-

onstrated that the park greenhouse could

provide the quantity of transplants needed

for large-scale revegetation projects.

In 1988, with the completion of the Sol

Due Road project, Ruth Scott, Wilderness

Resource Specialist, adopted the park

greenhouse facility to reestablish a wilder-

ness restoration program in montane and

subalpine areas ofthe park. Beginning with

easy-to-propagate species such as sedges,

grasses, and forbs, greenhouse manager

Matt Albright then expanded the program

to include the more difficult to propagate

ericaceous shrubs. After initial experimen-

tation with two subalpine heathers,

Phyllodoce empetriformis and Cassiope

mertensiana, production methods from

cuttings and seeds were developed for a

number ofhighcountry ericads. Since 1991,

these ericad species have comprised an in-

creasingly large proportion of greenhouse

plant production.

For several years, the greenhouse staffhas

maintained an annual production level of

20,000-30,000 transplants of a wide range

of species including ericads, subalpine

shrubs, trees, forbs, grasses, and sedges.

With the initiation of the Sand Point Res-

toration Project along the park's wilderness

coast, the greenhouse has started produc-

ing low-elevation coastal species. In the fall

of 1996, 14,000 starts of lowland shrubs,

sedges, and grasses were planted in the

Pacific maritime spruce forest. An addi-

tional 35,000 transplants were propagated

for spring and fall planting in 1997. The

greenhouse is maintained by one perma-

nent, subject-to-furlough horticulturist and

one half-time employee assisted by a cadre

of local and seasonal volunteers. The staff

follows an annual cycle of fall cutting propa-

gation, winter seed processing and sowing,

spring and summer transplanting and fall

out-planting. The single most expensive

and labor intensive task in the revegetation

is packing thousands of potted plants and

providing for their transport to backcoun-

try destinations via helicopter. In addition

to base funds, the wilderness restoration

program has been supported by grant funds

such as the Canon USA-National Park

Foundation "Expedition into the Parks"

conservation program and the Washington

State Nonhighway Off-road Vehicle Access

Program, and volunteers from organiza-

tions such as the local Sierra Club Service

and Wilderness Volunteers.

Summary
Greenhouse propagation ofnative plants

has been an important and integral part of

restoration programs at Mount Rainier,

North Cascades, and Olympic National

Parks for over a decade. Due to the num-

ber and magnitude of human impacts in

our wilderness and natural areas and our

short growing seasons greenhouse propa-

gation is a necessity for effective revegeta-

tion of denuded sites. Although our

programs have many similarities, funding

sources, staffing, and production levels vary

among programs and between years. We
would like to offer our assistance and ex-

perience to anyone trying to start a green-

house propagation program, p
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"Hot Box" continuedfrom cover

Now the pasteurized end-product is sur-

face-applied out ofthe park in local flower

gardens near the park headquarters in El

Portal.

gure 3. Two time-temperature data loggers were used to record and

wpore temperatures within the Hot Box. Jemperature probes were

serted into various sections of the compost pile through a small hole

the back of the Hot Box. A laptop computer was used to download and

splay the data from the data loggers.

Background
The development of backcountry com-

posting toilet methods resulted from the

need to reduce impacts including surface

water pollution at overnight sites. Research

ofbackcountry composting systems began

in the mid-1970s and focused on sites with

up to 2,000 overnight visitors per season

(Fay and Walke 1977; Ely and Spencer

1978). Composting technologies became

increasingly popular as research docu-

mented the ineffective breakdown of

coliform bacteria using the "cat-hole" dis-

posal technique (Temple et al. 1982) and

as certain composting toilet technologies

were shown to be a low-cost and effective

solution to human waste treatment and dis-

posal (Leonard and Fay 1979; Leonard and

Plumley 1979). Thermophilic composting

(also termed "batch" or "bin") and meso-

philic composting (also termed "moldering"

or "continuous") have been used with vary-

ing degrees ofsuccess in numerous national

parks (Yosemite, Mt. Rainier, Olympic,

Grand Canyon) and national forests (White

Mountain, Green Mountain).

The aim of any composting technology

is to optimize conditions for microbial

growth. Combining the proper amount of

carbon (also termed "bulking agent" and

usually consisting of wood chips or shav-

ings), moisture, ambient heat, and oxygen

enhances the living conditions within the

compost pile for natural oxygen-using mi-

croorganisms (aerobes). These aerobes use

human waste as a food source, and conse-

quently, the waste decomposes over time

into a soil-like substance. Disease causing

organisms (pathogens) within

the human waste are reduced

or eliminated due to compe-

tition, natural antibiotics, nu-

trient loss, and heat. The hu-

man waste and the carbon are

in most cases manually mixed

in an enclosure or sealed bin.

The term end-product refers

to the composted wood chips

and human waste. The com-

posting process functions op-

timally with a carbon to ni-

trogen ratio of 25-35:1 and a

moisture content of 60%
(Davis and Neubauer 1995).

The aim of thermophilic

composting, which requires

frequent mixing and high

wood-chip input (approxi-

mately 1 kg [2.2 lb] ofcarbon

to 1 liter [~1 qt] of human

waste), is to kill pathogens quickly and with

hot temperatures. These temperatures re-

sult from microbial activity and can exceed

45°C (113°F). Once a sufficient amount of

human waste has been collected, a com-

post "run" is started and can take up to sev-

eral weeks to complete. Mesophilic

composting in comparison is a long-term

method that can take years to effectively

reduce pathogens within the waste. This

method differs from thermophilic com-

posting because the frequency of mixing

and the amount of carbon added are con-

siderably lower with temperatures within

the waste pile ranging from 10°- 45°C

(50°-113°F).

Complete pasteurization of composting

toilet end-product by either treatment

method, however, can never be guaranteed

and depends on the quality of field staff

maintenance and site conditions. Heat

treatment, such as the Hot Box can pro-

vide, is one method to ensure pathogen

reduction and meet 40 CFR Part 503. Con-

sequently, the Hot Box can help in a num-

ber of ways. First, if land management

policy dictates that the end-product can be

surface-applied at the backcountry toilet

site, significant savings in transportation

costs could result. Additionally, the bio-

physical and social impacts from using ei-

ther pack animals or helicopter resources

could be reduced. Second, while land man-

agement policy may dictate that the end-

product be transported outside of a

protected area boundary, heat-treated com-

post is less of a health and safety issue to

field staff. End-product that is heat-treated

in the backcountry would be a consider-

ably lower health hazard to field staff re-

garding accidental spillage during transport

or disposal. Since, for example, a fundamen-

tal tenet of the Wilderness Act states that

the wilderness area be "protected and man-

aged so as to preserve its natural conditions"

(Wilderness Act of 1964, Sec 2c), surface-

applied compost in these areas could be

problematic. Unquestionably, increased

nutrient levels resulting from on-site dis-

posal could upset natural species assem-

blages by shifting the competitive

advantage to invasive nonnative plant spe-

cies; however, in areas with less stringent

land policies, surface application of treated

composting toilet end-product could be

appropriate. For instance, there are several

national forests where both mesophilic and

thermophilic composting toilet end-prod-

uct has been approved for on-site disposal.

Nevertheless, state laws may be more re-

strictive than federal policies and therefore

the land manager should review all appli-

cable regulations. Third, if the end-prod-

uct cannot be surface-applied at the site and

the Hot Box cannot be used in the field

because ofstaffing or ordinance issues, land-

fill disposal savings could result. Lastly, the

treated end-product could be reintroduced

into the composting toilets as bulking agent,

which would reduce the amount of addi-

tional bulking agent needed.

Hot Box description and
application

The Hot Box is a nearly airtight container

that allows solar shortwave radiation or

light energy to pass through the glazing (see

fig. 2, page 1). The contents ofthe Hot Box

absorb the light energy and convert it to

long-wave radiation or heat energy, which

becomes trapped inside the box. The 1996

USFS/NPS study demonstrated that tem-

peratures of over 100°C (212°F) can be

achieved and temperatures of88°C (190°F)

can be sustained for several hours.

The outside walls, floor, and removable

tray are fabricated from an approximately

0.5-cm thick (0.2 in) aluminum sheet. A
single transparent Lexan* Thermoclear

polycarbonate sheet is used as the solar
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Figure 4. U.S. Environmental Protection Agency

40 Code of Federal Regulations (CFR) Part 503

time-temperature relationship for the heat-

treatment of sewage sludge.

glazing and is bolted at an angle specifi-

cally designed to maximize the angle of

incidence during the summer solstice for

the chosen latitude (at Yosemite, 38° N, a

15-degree angle was chosen). This angle

could be adjusted for other locations. The

inside walls and floor are insulated with 5-

cm (2-in) polyisocyanurate closed-cell

foam. A door is positioned at the back of

the Hot Box in order to gain access to the

tray. The original Hot Box measured 122

cm x 94 cm x 69 cm (48.1 in x 37 in x 27.2

in ) at the highest end and 46 cm (18.1 in)

at the lowest end. Four new Hot Boxes,

measuring 122 cm x 122 cm x 61 cm (48.1

in x 48.1 in x 24 in) at the highest end and

20 cm (7.9 in) at the lowest end, have re-

cently been built and appear to be more

efficient because oftheir larger glazing and

decreased internal air volumes.

Yosemite field staffoperated the Hot Box

during the 1997 and 1998 summer seasons

at the park headquarters in El Portal, which

is outside the park. Yosemite contains six

backcountry composting toilets that collec-

tively produce approximately 20 m3
(700

ft
3
) of end-product per year. Traditionally

the end-product has been transported out-

side the park boundary.

End-product is transported in double

plastic bags by pack animals to trailheads

and then trucked to El Portal. Approxi-

mately 9 m3
(300 ft

3
) were pasteurized in

1998. Field staff emptied a portion of the

bags into the Hot Box tray and allowed the

compost to pasteurize for up to one week.

One operator required one-half hour per

day, two days per week, to perform this

task. The 1996 USFS/NPS study con-

cluded that pile depths of 12 cm (4.7 in) or

less and two and one-half hours of direct

sunlight with ambient air temperatures ex-

ceeding 28°C (83°F) were most effective at

80

70

60

\ \
— Max. Temp.

-•Time>=65°C

15 23

Pile Depth (cm)

31

Figure 5. Comparisons are made between pile

depths, the maximum temperature attained and

the duration in hours at or above 65°C. Moisture

content of the compost pile is equal (33.5%).

Temperature readings are taken from the middle

of the compost pile.

meeting the time-temperature requirement

(fig. 5). Additionally, a moisture content of

60% or less allowed for maximum tempera-

ture attainment (fig. 6). Field staff would

mix the end-product in the Hot Box tray

several times during the heat-treatment

process to ensure thorough pasteurization.

After pasteurization, the finished compost

was again bagged and brought to local

flower gardens and spread thinly on the

surface. Operators reported that the pas-

teurized compost resembled mulch and not

human waste in both texture and odor, and

was therefore more tolerable to work with.

Conclusion

The passive solar Hot Box has been used

for two field seasons in Yosemite National

Park, a location that is shown to be ideal to

effectively pasteurize the compost from

backcountry toilets. This application stems

from the 1996 USFS/NPS study that dem-

onstrated the use of the Hot Box as an ef-

fective method of pasteurizing the

end-product from composting toilets. Field

staff report that the developed Hot Box

technology requires a minimum level of at-

tention and maintenance by the operator

and produced a compost that is dryer and

appears less offensive to handle and trans-

port.

While stringent regulations may negate

the possibility that finished compost be

surface-applied in wilderness and national

park areas, the Hot Box holds tremendous

potential to save either transportation costs

and associated impacts in areas where the

end-product can be surface-applied on-site,

or disposal costs where the end-product

must be transported and disposed off-site.

This passive technology can serve as a

sound and sustainable backcountry man-

's 75

65

23.8 33.5 65.9

Moisture Content (%)

67.5

Figure 6. Comparisons are made between

percentages of moisture content, the maximum

temperature attained, and the duration in hours

at or above 65°C. All pile depths are equal (8

cm). Temperature readings are taken from the

middle of the compost pile.

agement technique, alleviating impacts,

costs, and extensive use ofhuman and ani-

mal resources, while providing an added

safety margin to field personnel, p
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Figure I. Desert tortoises, represented by this mole

photographed in Joshua Tree Notional Park, have the

greatest latitudinal distribution of any of the four

North American tortoises ranging from southwestern

Utah to northern Sinaloa State in Mexico, a range of

1, 100 km (683 mi). Across this vast range, the desert

tortoise occupies a staggering diversity of plant

communities from tropical deciduous thorn scrub in

Mexico, across the Mojave and Sonoran Deserts, to

the edge of the Great Basin Desert and the Colorado

Plateau.

Studies of reproductive output of the desert tortoise

at Joshua Tree National Park, the Mojave National

Preserve, and comparative sites

By Jeff Lovich', Phil Mebica
2
, Hal Amy', Kaiherin Meyer',

Gillian Bowser
3
, and Alan Brown

2

The stability of any population

is a function of how many
young are produced and how
many survive to reproduce.

Populations with low reproductive output

and high mortality will decline until such

time as deaths and births are at least bal-

anced. Monitoring populations ofsensitive

species is particularly important to ensure

that conditions do not favor decline or ex-

tinction.

Turtles, including tortoises, are character-

ized by life history traits that make them slow

to adapt to rapid changes in mortality and

habitat alteration. Long life spans (in excess

of 50 years), late maturity, and widely vari-

able nest success are traits that allowed

turtles to outlive the dinosaurs, but they are

poorly adapted for life in the rapidly chang-

ing modern world. Increased mortality of

young and adults can seriously tip the deli-

cate balance required for turtles to survive.

The desert tortoise

The desert tortoise (fig. 1) is a federally

threatened species to the north and west of

the Colorado River with full protection un-

1 U.S. Geological Survey, Canyon Crest Field Sta-

tion, Department of Biology, University of
California, Riverside, CA 92521-0427.

2 U.S. Geological Survey, Las Vegas Field Station,

4765 West Vegas Drive, Las Vegas, NV 89108.
J Joshua Tree National Park, 74485 National Park
Drive, Twentynine Palms, CA 92277.

der the Endangered Species Act (Ernst et al.

1994). The listing ofthe tortoise in 1990 was

based on the perception of rapid population

declines due largely to human-induced

changes in the Mojave Desert ecosystem (Fish

and Wildlife Service 1994; Lovich and

Bainbridge, in press). The Recovery Plan for

the desert tortoise, prepared by the U.S. Fish

and Wildlife Service, identifies research on

the reproductive output ofthe species to be a

high priority for land management agencies

tasked with the responsibility ofrecovery, and

we hope, future delisting. To that end, in 1997

we initiated research on the reproductive out-

put ofthe desert tortoise at several study sites

in the Mojave Desert. Research support has

been generously provided by the U.S. Geo-

logical Survey,Joshua Tree National Park the

California Desert District ofthe Bureau ofLand

Management, the Palm Springs-South Coast

Resource Area of the Bureau of Land Man-

agement, Banning Veterinary Hospital in Ban-

ning, California University Orthopedics, in Las

Vegas, Nevada and J. F. Kennedy Memorial

Hospital in Indio, California

Previous research on reproductive output

ofdesert tortoises conducted by Fred Turner,

Phil Medica, and others in the early 1980s

demonstrated a strong correlation between

clutch frequency, or how many clutches a fe-

male produces in one reproductive season,

and biomass of annual plants that tortoises

utilize for food. Production of annual plant

biomass is in turn related to the timing and

quantity of rainfall. One of our goals is to

obtain more detailed data on the relationships

between rainfall, annual plant biomass, and

various measures of tortoise reproductive

output. The information generated will pro-

vide resource managers with models relating

reproductive output oftortoises to easily mea-

sured environmental variables. Such data are

especially important in areas where tortoises

and livestock may compete for resources such

as food plants.

Study sites

The three study sites established in the

spring of1997 includedJoshua Tree National

Park, the Mojave National Preserve, and an-

other in an area administered by the Bureau

of Land Management (BLM) near Palm

Springs, California. Two additional sites were

added in the spring of 1998: one in Piute Val-

ley, Nevada and one in St. George, Utah, both

on lands administered by the Bureau ofLand

Management. Studies in Utah are being con-

ducted in cooperation with U.S. Geological

Survey Research Biologists Todd Esque and

Dustin Haines. The sites in the Mojave Na-

tional Preserve and near Palm Springs are lo-

cated in active cattle grazing allotments.

Methods
Thirty-six female tortoises were equipped

with radio transmitters in 1997 (fig. 2), lo-

cated at weekly or biweekly intervals

April-July, and x-rayed (fig. 3) to determine

the presence of shelled eggs. The x-ray pro-

cedure exposes tortoise embryos to radiation
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:
igure 2. Research biologists use many tools to collect data. Desert

Woises, like this female photographed in Joshua Tree National Park,

ire frequently equipped with radio transmitters for projects that

equire tracking and relocation of individual animals. Valuable data on

novements, home range and other behaviors are obtained from studies

ising this technology.

doses much lower than internationally ac-

cepted levels established for developing hu-

man embryos (Hinton et al. 1997). Studies

in the Mojave National Preserve were

complemented with the use of ultrasound

technology to determine the presence and

size of follicles (eggs) prior to their detect-

ability using x-radiography.

Results

At the Palm Springs site, 9 out of 10 fe-

males produced a total of 72 eggs in the

1997 reproductive season (one produced no

eggs). Of these nine females, six produced

second clutches and at least one produced

a third clutch. Mean size of first and sec-

ond clutches was 4.33 and 5.00 eggs, re-

spectively. The earliest date of egg laying

occurred April 18-23, about one month ear-

lier than previously reported in the litera-

ture. In contrast, at sites nearby in Joshua

Tree National Park, only one of eight fe-

males produced a clutch (five eggs), and

she occupied the wettest microhabitat

sampled that year. Most ofthe other moni-

tored tortoises in the park occupied areas

that were in the second year of drought

with little or no production of annual food

plants. Modest germination at the Mojave

National Preserve allowed 12 of 18 moni-

tored tortoises to produce single clutches

(there were no subsequent clutches) in 1997.

Differences among sites appear to be re-

lated to patterns of rainfall

and annual biomass produc-

tion, as expected.

Ofparticular interest is the

fact that the average annual

number ofeggs produced per

female at the Palm Springs

site was more than double (8)

that of tortoises at Mojave

National Preserve (3.58).

Such wide variation in annual

reproductive output should

be accounted for in any fu-

ture population viability

analyses for the species. Our

results for 1997 have another

aspect worth noting in that

they underscore the fact that

even well-protected natural

areas like parks and preserves

cannot protect sensitive spe-

cies from the vagaries of cli-

mate variation. In this case,

tortoises at a relatively wet

and productive industrial site

produced far more eggs than tortoises in

fully protected, but drought-stricken, areas.

The results for 1998, an El Nino year,

were remarkably different. At Palm Springs,

12 of 13 tortoises laid eggs and all 12 that

produced eggs laid second clutches; about

Figure 3. This x-radiogroph of a desert tortoise

collected near Palm Springs (California) on 20

May 1997 clearly shows the outlines of eight

shelled eggs. Females retain shelled eggs for 3-6

weeks prior to depositing them in nests. Nests

are often constructed in the mouth of a tortoise

one-third produced triple clutches. Of in-

terest is the fact that mean first and second

clutch sizes did not differ from a statistical

standpoint between 1997 and 1998 at Palm

Springs. At Joshua Tree National Park,

seven out of seven females laid eggs, and

five produced second clutches. These dif-

ferences with 1997 data seem to reflect the

wet and highly productive conditions fos-

tered by El Nino's rains. Rain that fell in

late summer and early fall gave tortoises

an opportunity to drink and feed on "sum-

mer" annuals prior to hibernation. Upon
emergence from hibernation they were pre-

sented with a veritable cornucopia ofwin-

ter annual food plants that germinated as a

result of continued El Nino rains (fig. 4,

page 24). Thus, to date our studies suggest

that in years when tortoises have an abun-

dance offood plants, more tortoises may re-

produce and produce more clutches, but that

they produce a relatively constant clutch size,

regardless of conditions.

Future plans

The study will continue through the 1999

reproductive season at all five sites and

through the 2000 season atJoshua Tree Na-

tional Park and the site near Palm Springs.

The data generated will provide natural re-

source managers with locally and region-

ally specific information on reproductive

output ofthis threatened species and its re-

lationship to environmental determinants

such as rainfall and annual plant biomass

production. Ultimately, these data can be

used to build more accurate demographic

models to better understand the recovery

potential of desert tortoises, p
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"Tortoise" continuedfrom page 23
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Figure 4. In the spatially and temporally variable environment of the desert, resources such as rain and

the annual plants that germinate in response to precipitation fluctuate widely. This photograph, taken
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with these large variations in productivity.
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Dwarf Shrew found in

Rotky Mountain National Park

By Erin Muths

The dwarfshrew (Sorex nanus) is

one of the smallest mammals

in the world and is the small-

est mammal in the southern

Rocky Mountains (Armstrong 1987;

Fitzgerald et. al 1994). Rocky Mountain

National Park (Colorado) currently has no

information of the dwarf shrew occurring

in the park although Estes Park is the type

locality (Armstrong 1987) for this species.

The holotype was collected by E. A. Preble

in 1895 at "Estes Park" and could easily

have been taken at a location now within

the park boundaries. Additionally, shrews

have recently been suggested as potential

bioindicators ofenvironmental change and

degradation by researchers at the Univer-

sity of Toronto (Ray 1998) and may pro-

vide important information for resource

managers in this regard.

I found a dead dwarf shrew at Lake

Husted (UTM zone 13; 448385E, 4484207W;

3,388 m; 11,116 ft) in the northeast corner

ofRocky Mountain National Park on 17July

1997. This specimen represents a new local-

ity for Sorex nanus and is the first reported

within Rocky Mountain National Park 1

(Jeff

Connor, Rocky Mountain National Park,

telephone conversation with author, 21Janu-

ary 1999). Previously, the altitudinal record

for Sorex nanus was 3,350 m (Hoffman and

Pattie 1968; Hoffman, personal communi-

cation). This specimen was found 38 m (125

ft) higher, at the edge of Lake Husted in a

mossy area surrounded by rocky glacial de-

bris and low-lyingjuniper shrubs. The speci-

men was intact except for a small hole in its

skull. I measured its total length, tail length,

and hind foot length and examined the skull

in the laboratory.

The shrew had brown fur dorsally with a

lighter underbelly and measured< 90mm (3.5

in) total length. Its tail was 40 mm (1.6 in), and

its hind foot was 12 mm (0.5 in). The carcass

weighed approximately 2.5 g (< 0.1 oz) but

'A dwarf shrew was documented in 1967 for

Larimer County, Colorado, just north ofthe park
(JeffConnor, Rocky Mountain National Park, tele-

phone conversation with author, 21 January 1999).

was considerably decayed when weighed.

From these measurements, I determined the

specimen to be Sorex nanus. The specimen was

also examined by D. Armstrong (University

of Colorado) and compared to a confirmed

Sorex monticolus specimen; this shrew was

smaller in all dimensions. Based on measure-

ments and direct comparison my identifica-

tion as Sorex nanus was confirmed.

Dwarf shrews are primarily montane in

distribution and have been collected from

rock slides and spruce-fir bogs (Brown

1967), alpine tundra (Hoffman and Taber

1960; Hoffmann and Pattie 1967), and

marsh and forest clear-cut (Spencer and

Pettus 1966). Hoffmann and Owen (1980)

report an altitudinal range of "at least"

740-3,350 m (2,428-10,991 ft). Although the

carcass appeared intact and essentially un-

disturbed, it is possible that the shrew was

carried to the site by a bird and dropped,

but this could not be confirmed.

Rocky Mountain National Park has listed

the dwarf shrew in its Resource Manage-

ment Plan (USDI National Park Service

1998), but the project is currently unfunded.

When funding is obtained, potential

projects might include a simple determi-

nation of the abundance and distribution

of the dwarf shrew in the park to provide

baseline data for monitoring population

trends; studies of the habitat requirements

of the shrew; studies of predator-prey in-

teractions, and the potential for visitor im-

pacts on the shrew.

As more people travel into the back-

country risks associated with human dis-

turbance clearly increase. Even low volume

human activity at higher elevations can

have profound effects on the delicate al-

pine tundra plant communities and may
have related effects on small mammals, such

as the shrew, which may use these ecosys-

tems exclusively. Shrews exist within very

small areas that must sustain them through-

out their lives. Even small disturbances of

fragile ecosystems have the potential to

disrupt individuals and perhaps to disrupt

entire populations of shrews.
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Fig. I. Old logging roads, such as this one in

Whiskeytown National Recreation Area (California),

are the primary source of sediment that washes into

rivers and streams, degrading habitat for salmon and

steelhead trout. To address the problem, the park

and Shasta College teamed up to deploy innovative

treatments for the restoration of watersheds and

habitat recovery. This road was "outsloped
1 "

to

reduce erosion and sedimentation.

Cooperative watershed restoration in

Whiskeytown Nationai Retreation Area
Innovative partnership provides a model for restoration of a scarred landscape

Br John McCullah and Gmchen Rinc

Salmonid fisheries continue to de-

cline in the Pacific Northwest. As a

result, more populations ofsalmon

and steelhead trout continue to be

listed as endangered or threatened. A pri-

mary cause of this decline is loss of habitat

due to impacts from upland erosion and

sedimentation.

In many steep, forested watersheds old

logging roads (fig. 1) are the primary source

of the sediment that degrades rivers and

streams. Roads cause erosion and greatly

increase the potential for slope failure dur-

ing large and episodic storm events. Roads

alter the natural drainage patterns, and

steeply cut slopes intercept subsurface

flows, converting them to surface runoff.

Drainage ditches and berms concentrate

flows in channels, efficiently delivering sedi-

ment to streams. Most importantly, roads

are frequently constructed by placing fill

material in drainage channels. That fill be-

comes part of the drainage system and,

given enough time, has a high probability

ofending up in rivers and streams. Clearly,

watershed restoration strategies are needed

to deal specifically with road-related ero-

sion and sedimentation.

The Whiskeytown situation

Located 8 miles west of Redding, Cali-

fornia, Whiskeytown National Recreation

Area primarily occupies the Clear Creek

watershed, an important tributary to the

Sacramento River. With a history of past

logging, this unit of the national park sys-

tem has experienced many erosion and

sedimentation problems. For example,

roads were constructed by placing fill in

runoff channels, which alters the natural

drainage patterns and basin hydrology, and

increases the potential for stream diversions

and washouts. Poor road drainage and satu-

rated fill can result in severe landslides. Two
large debris flows in the park were initiated

at the intersection of stream channels and

roads during heavy rains in January 1997.

Solutions to these problems require spe-

cially trained watershed restorers such as

geomorphologists and heavy equipment

operators to identify and treat the numer-

ous watersheds impacted by roads. The

National Park Service is addressing these

issues at Whiskeytown by cooperatively

engaging in ecosystem restoration activi-

ties and encouraging education and tech-

nology transfer related to these experiences.

Cooperative agreement
In 1996, Whiskeytown and Shasta Col-

lege entered into a cooperative agreement

that enables them to share resources, in-

cluding funds, for the completion of mutu-

ally beneficial projects, primarily watershed

restoration. The cooperative restoration

program blends education with technology

and encourages adaptive management and

the use of innovative techniques to treat

habitat degradation in the park caused by

old roads. Furthermore, it trains students in

restoration ecology, provides a potential em-

ployment venue for former timber workers,

and improves habitat for salmon populations.

The park serves as a living laboratory in

which students conduct actual watershed

inventories, develop restoration techniques,

engage in monitoring activities, and imple-

ment restoration plans. Shasta College pro-

vides expertise in various disciplines such

as geographic information systems (GIS),

watershed restoration, heavy equipment

operation, and horticulture; a student

workforce performs the work. As part of

the agreement, Shasta College developed

a watershed restoration class to prepare

students forjobs in ecosystem management

with practical experience coming from a

pilot restoration project at the park. The

class emphasizes the geomorphic or land-

form restoration approach to ecosystem

restoration. The pilot sub-watershed res-

toration project was funded by the Bureau

'In hilly terrain, roads typically slope inward to-

ward the hill where a ditch and culvert system

drains runoff. As culverts and ditches become
plugged, runoff concentrates, drains across the

road, and creates gullies. Outsloping reverses

drainage to the downhill side of the road. Fill is

excavated and placed into the uphill cut, result-

ing in a 2-5-degree slope to the downhill side.

Water runs offwithout forming gullies and subse-

quent erosion and sedimentation.
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Fig. 2 (left). Heavy equipment is used to treat the

drainage problems posed by the old logging roads.

Here, a culvert is installed to restore natural

drainage patterns and reduce erosion of the fill.

Fig. 3 (below). Jbe 300-ocre Paige-Bar sub-

watershed was the site of the demonstration

restoration project at Whiskeytown. The project

represents a significant start to the many thousands

of acres of Clear Creek watershed in need of

restoration at the national recreation area.

ofReclamation ($40,000) through the Cen-

tral Valley Improvement Act, and by the

National Park Service through a Challenge

Cost-Share Grant ($30,000).

Goals and treatment philosophy

The restoration goals for Whiskeytown

National Recreation Area include restoring

naturally functioning ecosystems by treat-

ing and removing scars on the landscape

such as roads. Other management tools,

such as prescribed fire and exotic plant re-

moval, can then be employed to enhance

biodiversity.

Previous restoration work and studies in

Redwood National Park (Spreiter 1994) and

Grass Valley Creek Watershed (McCullah

1994) indicate that the primary source of

erosion and cause of sedimentation of

streams is the extensive road network left

over from past logging. These projects

clearly demonstrate that physical treat-

ments to restore the hydrologic systems,

recover soil from stream channels, and re-

move road scars set the stage for recovery

of the biological systems, and these meth-

ods are probably the most cost-effective

way to prevent erosion and sedimentation,

and reduce the maintenance burden.

These physical treatments frequently in-

clude the use of heavy equipment such as

hydraulic excavators (fig. 2) and bulldoz-

ers to repair and restore the drainage pat-

terns that existed before roads were built.

A new axiom is emerging among water-

shed restorers: for cost-effective road res-

toration, employ the same type and size of

Paige Bar Demo Watershed

Restoration Project

equipment that caused the

problem. The key to cost-ef-

fective sediment reduction,

however, is prevention, not

treatment of what already

happened. Erosion invento-

ries, therefore, must evaluate

all existing and potential problems along

roads and document the amount of ero-

sion that may potentially occur, particularly

at road and stream crossings.

The demonstration project

The 120-ha (300-acre) Paige-Bar sub-wa-

tershed (fig. 3) was chosen as the demon-

stration pilot project. It is located in the

lower Clear Creek watershed near the

Whiskeytown National Environmental

Education Development Camp. Proximity

to the camp is significant in that 3,000 fifth
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ing, and horseback riding. Additionally,

numerous old landings built in the stream

channels are eroding and producing sedi-

ment.

Inventory

Before beginning field inventories, stu-

dents from the Shasta College Watershed

Restoration class drew the entire micro-

drainage network of the Paige-Bar sub-

watershed onto a 7.5-minute topographical

map. They also delineated roads and

streams on clear mylar, laying it over aerial

For cost-effective, road restoration, employ the same type and size

of equipment that caused the problem

and sixth graders visit it every year and see

the restoration work that has been accom-

plished as part of their restoration educa-

tion. The site was extensively logged in the

1960s and most recently in 1973, just be-

fore NPS acquisition ofthe lands. Approxi-

mately 2 km (1.2 mi) of main-use road

(Peltier Valley Road) and several kilome-

ters of old haul roads, including the badly

eroded Logging Camp Road, exist on the

site. These old roads are currently used for

recreation, primarily hiking, mountain bik-

photos and orthophotos. Both recent and

older stereo aerial photos were studied in

order to identify eroding sediment sources;

erosion is often hidden by dense vegeta-

tion but may be clearly visible in photos

taken immediately after a disturbance. His-

toric aerial photo analysis is an efficient way

to become thoroughly familiar with the

drainage network, history ofroad construc-

tion, timber harvest, and other disturbances.

See "Whiskeytown " on page 28
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"Whiskeytown " continuedfrom page 27

The inventory work was completed in

the summer and fall of 1996. During this

phase groups of students worked as an in-

terdisciplinary team, inventorying the land-

forms and exploring answers to the

question, "why is the landscape like this?"

The geomorphic perspective is especially

Table 1 • Summary of Seg-
ments and Sites on Peltier

Valley Road

Number Erosion Potential

Road segments

Road segments

Road segments

5 segments

1 6 segments

8 segments

Stream crossings 15 crossings

Stream crossings 1 crossing

Swale crossings

Headwater

Skid trails

Springs

Other

Springs

Other

5 crossings

1 headwater

2 trails

2 springs

1 culvert pull

1 spring

1 slump

High

Moderate

Low

High

Low

High

Low

High

Moderate

Moderate

Moderate

High

Table 2. Summary of Seg-
ments and Sites on Logging
Camp Road

Number Erosion Potential

Road segments 1 1 segments High

Road segments 7 segments Moderate

Road segments 1 segment Low

Stream crossings 1 2 crossings High

Stream crossings 2 crossings Moderate

Swale crossings 2 crossings High

Swale crossings 2 crossings Moderate

Skid trails 9 trails High

important; therefore, the students were

given some training in geology and fluvial

processes. As part of their training, they

toured the nearby Grass Valley Creek wa-

tershed to evaluate the efficacy ofthe treat-

ments used there.

The students developed inventory forms

based on advice from Redwood National

Park geologists. Their strategy divided the

inventory into two distinct areas: the site

where the road crosses a drainage and the

road segment between two sites. Conse-

quently, the road erosion inventory form

featured a section for sites (swale or stream

crossings) and a section for road segments.

As the teams inventoried the road, they

filled out the appropriate section of the

form. Photographs were taken of each site

or segment. Road condition, accessibility,

width, and length were also noted and re-

corded on the data sheet.

Data were collected for the

sites, including the type of

site, i.e., stream crossing,

headwater swale crossing,

spring, crossroad drain, or

other. The amount of fill in

the site was estimated as an

order of magnitude ranging

from "small" (1-5 m3
; 1.3-6.5

yd3
) to "extra-large" (greater

than 50 m3
; 65 yd3

). Potential

for future erosion was evalu-

ated and treatments recom-

mended. Possible treatments

for sites included a shallow

dip (10% ofthe fill removed),

culvert replacement (see fig.

2, previous page), a large dip

(50% of the fill removed), or

complete crossing removal

(100% of the fill removed).

Justifications for the treat-

ment recommendations were

also recorded. Students also

collected data for the road

segments. The amount of fill

in the road was estimated,

and the potential for future

erosion was assessed as high,

moderate, or low. Based on

this information a potential

treatment was recommended

for segments. Possible treat-

ments included outslope,

outslope with rolling dip, or

recontour (partial or com-

plete road removal).

The information collected

was entered into a database and linked to a

GIS. The Shasta College engineering and

GIS students got involved at this point and

developed GIS maps; thus, the attributes

for each site and segment could be queried

using Arclnfo software. A total of 27 sites

and 29 segments were identified on Peltier

Valley Road; 31 sites and 19 segments were

identified on Logging Camp Road. Seg-

ments and sites and the degree oferosion po-

tential for each road are listed in Tables 1 & 2.

Project design & implementation

Peltier Valley Road

The watershed restoration students com-

pleted designs and prepared implementa-

tion plans for work on Peltier Valley Road

based on the existing and potential prob-

lems identified in the inventory. The work

was performed by the Watershed Restora-

tion class and the Heavy Equipment Op-

erations class. Shasta College also

contracted the services of a heavy equip-

ment operator with restoration experience

in Redwood National Park and Grass Val-

ley Creek watershed. The heavy equipment

consultant provided on-site supervision and

demonstrated equipment use. Altogether,

Shasta College performed the following

work on Peltier Valley Road:

1. Reconstructed approximately 2,000 m
(1.2 mi) of the Peltier Valley Road using

outsloped road design

2. Excavated rolling dips at each of the 23

swale and stream crossings

3. Replaced or installed seven appropriately

sized and redesigned culvert crossings to

reduce erosion

4. Treated all disturbed soil by seeding with

native grasses and mulching

Sediment pond
Using remnants of an old logging road

as an embankment, the students designed

and constructed a sediment pond in the

lower reaches of the watershed. The pond

is used to monitor and measure sediment

production before and after treatment. The

drainages of both the Peltier Valley Road

and Logging Camp Road converge at the

location chosen for the sediment pond. The

pond has an expected life of three years

after which it and the old road will be re-

moved and the stream returned to its natu-

ral course.

The pond weir was constructed with lay-

ers of continuous berm (fig. 4) stacked in a

triangular shape. MBW, Inc., donated the

use oftheir Continuous Berm Machine and

demonstrated its use. This machine can en-

capsulate soil, sand, or rock in filter fabric

to make a berm that is 0.4 m high by 0.3 m
wide (~ 1.3 ft x 1.0 ft). In this situation the

berm was filled with existing channel ma-

terial; no nonnative sediment was intro-

duced to the stream. The berms conform

tightly to the stream bottom because they

are very heavy with a density of 1,600 kg /

m 3 (2,691 lb/yd 3
). The berms can be
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ig. 4. A sediment pond was constructed within the lower reaches of the watershed to monitor erosion before

md after restoration work. After three years, it will be removed and the stream restored to its natural course.

stacked much steeper than the angle of re-

pose without slumping, and they can be

used as spillway weirs without stream ero-

sion because of the support provided by

the fabric (Ellis 1997). The continuous

berms were reinforced by driving willow

stakes through the fabric.

The sediment pond has performed well.

The weir has been through a number of

rainstorms and it has been subjected to a

variety offlows. The vegetation around the

pond is well established. The willows

planted within the berms have achieved

heights ofover 2 m (6.6 ft) and are rooting

both inside and below the berms.

Logging Camp Road

As already mentioned, Whiskeytown and

Shasta College received a $30,000 Chal-

lenge Cost-Share Grant from the National

Park Service in 1997. This grant funded re-

moval of the Logging Camp Road. Al-

though the road was decommissioned, a

single-track, multiuse trail was left in its

place. Stream crossings have been com-

pletely excavated and recontoured (except

for the trail) by pulling back all fill.

The Shasta College Watershed Restora-

tion class supervised the work. The Heavy

Equipment Operation class and the expe-

rienced heavy equipment consultant per-

formed the work, which was completed in

October 1998. Costs associated with com-

plete road removal were closely monitored,

and the sediment pond facilitated erosion

monitoring during the construction activi-

ties.

Conclusion

This pilot project provided an invaluable

opportunity for the National Park Service

to work with Shasta College in further de-

veloping watershed restoration strategies

for Whiskeytown National Recreation

Area. Park staff participated in the Water-

shed Restoration class and worked along-

side students in inventorying the roads and

developing treatment plans. Grant funding

from the National Park Service and the

Bureau of Reclamation (total of $70,000)

allowed the students to perform actual

roadwork that will benefit the Sacramento

River fisheries. Our experience gained in

this cooperative, pilot restoration project

holds great potential as a model for ero-

sion and sediment source inventories, wa-

tershed restoration designs, and road

treatments for use by the multiple federal,

state, and local agencies now involved in

restoration activities in the Clear Creek and

Sacramento River watersheds, p
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Figure I. Named for its large, inflatable snout, the

elephant seal (wale shown here) is making a

pronounced comeback at Point Reyes National

Seashore. Colonization of the seashore began in

the early 1970s with a breeding colony first noted

in 1981. The park is monitoring the growth of the

population, estimated at 1,500 in 1998.

Mirounga massing at Point Reyes
By Sarah 6. Allenwhile exploring tide pools at

a remote area at Point

Reyes Headland, park

rangers discovered a fe-

male elephant seal and pup in 1981. From

that first birth, a colony grew and swelled

in number over 15 years with nearly 400

pups born in 1998. They are a challenging

addition for Point Reyes National Seashore

(California), though, as the park is visited

by more than two million humans annu-

ally. The park is currently developing a strat-

egy for protecting and managing elephant

seals by gathering sufficient information on

seal habitat needs and potential conflicts.

Elephant seals ofthe genus Mirounga are

the largest in size of all pinnipeds of the

world. The term Mirounga is derived from

an Australian aboriginal name for the el-

ephant seals and represents two species in

the genus; the northern species (Mirounga

angustirostris) is of the northern latitudes.

The name "elephant seal" derives from the

large inflatable snout of the male (fig. 1).

They rely on a thick layer ofsubcutaneous

fat for insulation and use this fat for energy

when fasting onshore for long periods. Fe-

males lack the large nose and are much
smaller in size. Elephant seals weigh up to

2,300 kg (3,000-5,000 lb) and tend to be

around 380-410 cm (12-14 ft) in length,

whereas females weigh 600-800 kg

(1,320-1,760 lb) and are 280-300 cm (9-10

ft) long. The life span of elephant seals is

poorly studied but the oldest female whose

age is known at Point Reyes Headlands was

21 years.

Charles Scammon, a British seal hunter

who explored and exploited the Pacific

coast in the 1800s, recorded that northern

elephant seals were distributed from Cabo

San Lazaro, Baja, Mexico, to Point Reyes,

California. By the turn of the century, el-

ephant seals nearly were extinct because

sealers hunted them for the high quality

oil that could be produced from their blub-

ber; one bull elephant seal could yield

nearly 25 gallons of oil.

With protection provided first by the

Mexican government on Isla Guadalupe

and later by the United States on the Chan-

nel Islands, California, the population re-

covered at an astounding rate, growing an

estimated 6-8% per year. As the colony

grew, seals began colonizing new sites, ex-

panding northward. Pups were first seen on

San Miguel Island, California, in 1957. From

a low count ofonly a few hundred animals

in the 1890s, the worldwide population has

grown in 100 years to around 150,000.

Colonization of Point Reyes

Point Reyes is just one of around 11

breeding sites for this species along the east-

ern Pacific rim and until the mid 1990s was

the most northern. Colonization of Point

Reyes began in the early 1970s when indi-

vidual animals were sighted with increas-

ing frequency. Then in 1981, a breeding

colony formed at Point Reyes Headland

when a pup was seen with a female and

attended by an adult male. The colony was

situated in an inaccessible pocket beach at

the base of a steep cliff. Since then, the

colony has grown exponentially. In 1998,

the estimated number was around 1,500.

The park has monitored the growth of

the colony with weekly surveys, flipper-tag-

ging individuals, and monitoring human in-

teractions with remote camera. During

winter 1994-95 and the El Nino of 1998,

severe storms and high tides (aggravated

by the elevated sea level of the El Nino)

pummeled the pocket beach where the

main colony congregates. Many pregnant

females were unable to find space for

birthing in the midst of these storms and a

few selected alternative beaches at Point

Reyes with its relatively tranquil waters and

ample space. These new subcolonies were

revisited annually since then, indicating that

the colony is spreading.

Annual cycle

Elephant seals congregate onshore at

these terrestrial colony sites three times per

year, but the total numbers and proportion

ofvarious age and sex categories varies per

season: the breeding season

(December-March), the molt (March-July),

and the juvenile haul out

(September-November). During the rest of

the year (nearly 80%), the seals are entirely

pelagic, living only in the ocean

Elephant seals have a hierarchical breed-

ing system with large dominant males ag-

gressively defending their position near
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Figure 2. With numbers on the rise at Point Reyes, elephant seals are

overflowing onto publicly accessible beaches. Resource managers now

have several considerations to balance along with species recovery: public

safety wildlife harassment, transmission of diseases between seals and

dogs and cattle, and disruption of colonization at new beaches.

groups of females. Females begin pupping

within a few days of their arrival with the

first pup born around mid-November. Small

discrete colonies such as the Point Reyes

Headland colony may have only a few

dominant bulls, whereas large, continuous

colonies such as the San Miguel Island

colony may have an array ofbulls and sub-

ordinate males at intervals along a beach.

Females usually give birth to a single pup,

weighing around 32 kg (70 lb) and display-

ing a black coat of fur. Pups cannot swim

at birth, and consequently, are vulnerable

to storms and disturbance. Mortality rates

of pups have been low most years at Point

Reyes Headland, but with increased den-

sity coupled with severe storms as occurred

in 1992, 1995, and 1998, the survival ofpups

decreased. In 1995, survival was only

around 45% and only around 25% in 1998.

Marine habitats

Elephant seals spend 60-80% of their

time at sea, but little is known about their

distribution or behavior at sea. In recent

years, though, new technology in the form

of satellite tags and time-depth recorders

has enabled researchers to discover that

elephant seals can dive up to one mile deep

and stay under water for almost two hours.

Elephant seals disperse rapidly and widely

from the.colonies; one elephant seal tagged

at San Miguel Island, for example, was lo-

cated in the Bering Sea within two weeks.

They range west as far as 173°W longitude,

beyond the Hawaiian Islands, and north to

the Bering Sea and eastern Aleutians. In the

Gulf of the Farallones, we have correlated

elephant seal distribution

with deep waters offthe con-

tinental shelf. The most cur-

rent information on the diet

of elephant seals indicates

that they forage in the mid-

water zones, likely eating

cephalopods and Pacific

hake, although seals are also

known to prey on skates,

rays, sharks, shrimp, and crab.

Elephant seals are in turn

preyed upon by primarily the

great white shark (Carhar-

odon carcharias). Point Reyes

Bird Observatory biologists

on the Farallon Islands esti-

mate that around 10% of the

elephant seal population is

preyed upon annually by

great white sharks. Many in-

cidences of shark attacks on seals and sea

lions have been observed at Point Reyes

Headland by park personnel over the past

decade.

Management issues

The arrival of elephant seals at Point

Reyes is an extraordinary example of the

benefits of simple protective measures like

the Marine Mammal Protection Act; how-

ever, now many land management agen-

cies such as the National Park Service are

faced with several new issues. The main

colony was inaccessible, but with crowd-

ing, the colony began to overflow onto

three nearby beaches, two of which are

accessible to park visitors (fig. 2).

Issues that surfaced since 1995 include

public safety from seals, harassment ofseals

by park visitors, potential disease transmis-

sion between seals and dogs and cattle, and

disruption or deterrence ofcolonization at

new beaches. Park docents logged 880

hours over 35 days of educating visitors

during weekends and holidays, and on

nearly 30% of these days, people were ob-

served harassing seals. Most pinnipeds on

land react to the approach of humans (es-

pecially with dogs) and will stampede into

the water when approached too closely.

Behavioral changes, such as retreating into

the water or cessation of nursing activity,

are defined as disturbance under the Ma-

rine Mammal Protection Act. At newly es-

tablished colonies, human presence can

deter pregnant females from pupping on

beaches. Ofadditional concern is the trans-

mission ofserious diseases (e.g., canine dis-

temper) from dogs to seals, and the Na-

tional Marine Fisheries Service recom-

mends that dogs be prohibited on beaches

where pinnipeds occur.

Safety issues are of concern from both

direct and indirect encounters with seals.

Elephant seals are known to chase and bite

people when seals are approached too

closely. This is of special concern during

the breeding season when male seals are

fighting and females are defending their

young. Because elephant seals are a favored

prey item of great white sharks, there is

concern that the visiting public may be at

greater risk while boating or swimming in

Point Reyes waters around seal haul out

sites; the region has one of the highest in-

cidence rates of white shark attacks on

people in the world.

The park produced an elephant seal

management plan to address the myriad of

issues associated with the seal colony ex-

pansion. Some additional long-term poten-

tial conflicts include impact of elephant

seals to other resources in the park such as

the western snowy plover (Charadrius

alexandrinus nivosus), which was listed as a

threatened species by the U.S. Fish and

Wildlife Service in 1993 and several rare

native plants in the coastal dune commu-
nity.

Elephant seals are a heroic species that

exemplifies the remarkable recovery of a

species given simple protective measures;

they are also impressive and fascinating to

the visiting public. The task of the park is

to strike a balance between enabling the

elephant seal colony to continue to recover

and responding to the visitor interest. Be-

ginning in 1996, the park initiated a docent

program to educate visitors and protect

seals; a total 33-45 volunteers interacted

with visitors and collected data. This com-

ing year, the program will be expanded, as

will research on the colony as we attempt

to discern why seals choose some beaches

over others for breeding, p
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"Real-time" air quality
monitoring data displayed at
Great Smoky Mountains

Br Dee Morse, John Ray, and Jim Renero

In
Great Smoky Mountains National Park

(Tennessee and North Carolina), air pol-

lution seriously damages park resources.

Visibility is impaired by a uniform haze

that affects scenic vistas. Landscape features

and colors fade, diminishing the experience

of visitors to the park. Air pollution in the

form ofground-level ozone threatens human

health and vegetation. A variety ofplant spe-

cies (black cherry, yellow poplar, sassafras,

tall milkweed, and cutleaf coneflower) show

symptoms of ozone injury to foliage. Other

airborne pollutants, including sulfur and ni-

trogen compounds, result in acidification of

some high-elevation streams, soils, and plants.

Data collection for the assessment of air

pollution impacts on resources in national

parks has been successful in addressing this

resource management concern. Public aware-

ness, however, should not be underestimated

as a partner to science as an effective means

ofprotecting park air resources. An informed

public can be a strong ally in these efforts.

Now, using modern communication meth-

ods, computer exhibits can show visitors real-

time visibility, air pollution concentrations,

and weather conditions.

Real-time data exhibited

Currendy, Great Smoky Mountains Na-

tional Park is using real-time visibility data in

an interpretive exhibit on air quality at the

Sugarlands Visitor Center. Park Superinten-

dent Karen Wade is excited about the exhibit.

"It is important for the public to understand

how air pollution affects park resources, since

the public plays a key role in bringing about

those actions necessary to prevent air pollu-

tion impacts," Wade said. "The park should

use the best information and tools available

to increase public awareness."

The exhibit at Sugarlands Visitor Center

consists oftwo 3 ft x 9 ft panels located in the

visitor center. The panels display information

about the cause and effect of air pollution at

the park (fig. 1). Monitors in each panel are

linked to air monitoring equipment at the

park's Look Rock air quality station and ob-

servation tower and show current visibility,

ozone concentrations, and meteorological

Figure I The interpretive exhibit inside the Sugarlands

Visitor Center describes the air quality condition at

the park, displays photos comparing good (100 wiles

+), bad C20 miles), and current visibility images at

Look Rock, and features ozone and meteorological

data that are updated every 15 minutes.

conditions. An air quality brochure is also

available at the visitor center for individuals

who would like more in-depth information

about air pollution impacts at the park.

At Look Rock, a digital zoom camera cap-

tures visibility images (fig. 2), a nephelom-

eter gathers optical visibility data, an ozone

analyzer measures ozone concentrations, and

meteorological monitoring equipment col-

lects weather-related information (fig. 3). The

digital camera, mounted atop Look Rock ob-

servation tower, is aimed toward the crest of

the Great Smoky Mountains to capture im-

ages characteristic ofthe park and familiar to

visitors. The camera is equipped with a per-

sonal computer modem. The camera and

support computer, housed in a secure, envi-

ronmentally controlled enclosure, have the

following capabilities:

Figure 3 (below). Instruments at Look Rock

record weather data, measure ozone, and

analyze visibility distance (visual range). A data

logger collects the information and forwards it

to Sugarlands Visitor Center.

Figure 2. Capturing a new visibility image every

15 minutes, the digital camera is mounted inside

the observation tower at Look Rock. The digital

image is transmitted by telephone line and

short-haul modem to the Look Rock air quality

shelter (right).
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Figure 4. A "real-time" photograph of the view from the Look Rock observation tower is published on

the World Wide Web every IS minutes. The caption documents the time when the image was made and

the visual range depicted in the scene. Meteorological data including temperature, relative humidity,

precipitation, and wind speed and direction are updated every 15 minutes. Ozone concentrations are

updated hourly.
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3. Image capture across a wide dynamic range

4. User-selectable camera field ofview

5. Off-site reconfiguration and reset capabilities

6 Reliable operation over a wide ambient

temperature range

The digital image is transmitted by tele-

phone line and short-haul modem to the

Look Rock air quality shelter. There, a data

logger and computer record measurements

from the nephelometer, ozone analyzer, and

meteorological sensors. Data are sent every

15 minutes through a telephone line to a com-

puter at Sugarlands Visitor Center and to a

local Internet service provider in Knoxville,

Tennessee. The visitor center computer per-

forms the following functions:

1. Acquires image and data files

2. Validates the data and image files

3. Formats the image and data files for dis-

play on exhibit monitors

4. Cycles visitor display screens

5. Provides for on- and off-site modifications

ofthe display programs

6. Provides for on- and off-site system

troubleshooting

The computer operates a Windows-based

program that is easy to use. Park staff can

troubleshoot individual computer system

components and change the displayed infor-

mation. The staffhave dial-up computer ac-

cess to the digital camera and to the data

logger to make changes in operational modes,

reboot the camera computer, or conduct

troubleshooting activities.

On each of the 21-inch monitors in the

exhibit, three different display screens are

cycled for the public to view. One screen pro-

vides a current video image from Look Rock

and information on current visibility condi-

tions (fig. 4), shown as visual range in miles.

Static images of a good visibility day and a

typical day (i.e., the current seasonal average)

are also presented on the screen, inviting com-

parisons with current visibility conditions. A
second screen provides information about

current ozone concentrations at Look Rock.

The current hourly concentration is displayed

on the screen along with the previous day's

maximum and minimum hourly ozone con-

centrations. In the lower halfofthe screen, a

static scale shows public health-related effects

from ozone. A third screen provides meteo-
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rological information from Look Rock. This

includes current wind direction and speed,

ambient temperature, relative humidity, and

precipitation.

First on the Web
The real-time interpretive air quality ex-

hibit at Sugarlands is also the first exhibit of

its kind to present current monitoring data in

a national park on the World Wide Web. The

information from Look Rock is sent via the

Internet to the Air Resources Division in Den-

ver, Colorado. There it is published on the

World Wide Web at imami.nature.nps.gov/ard/

parh/grsm/lookRockWeather.htm.

The technology used for this exhibit can

also be used to present monitoring data from

a variety of other natural resource manage-

ment activities in a park. This interpretive

approach serves as a very effective resource

management tool. The presentation of real-

time monitoring data not only enables park

managers to provide the public with current

data, but it also provides an opportunity to

easily modify and update the presentation of

data results.

Funding for the exhibit and its link to the

monitoring equipment was provided through

a partnership with the NPS Air Resources

Division, U.S. Environmental Protection

Agency, Great Smoky Mountains Natural

History Association, and Great Smoky
Mountains National Park.

The total cost for this project at Great

Smoky Mountains National Park was ap-

proximately $50,000. The cost, however, was

unique to the monitoring setup at the park

and may be approximately the same or lower

at other units of the national park system,

depending on configuration and location of

the monitoring equipment. The Air Re-

sources Division has limited funds available

each fiscal year to assist with the develop-

ment of real-time exhibits in units that are

monitoring air quality parameters, p

Dee Morse is an Environmental Protection

Specialist with the Air Resources Division of

the NPS Natural Resource Program Center in

Lakewood, Colorado. He can be reached at

303-969-2817; dee_morse@nps.gov.

John Ray is an Atmospheric Chemist, also with

the Air Resources Division. He can be reached

at 303-969-2820;john_ray@nps.gov.

Jim Renjro is an Air Resources Specialist at

Great Smoky Mountains National Park,

Gatlinburg, Tennessee. He can be reached at

423-436-1708;jim_renfro@nps.gov.
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j Figure I An adult gizzard

shad exhibiting multiple

raised black tumors.

Persistent expression of tumors
in Lake of the Arbuckles gizzard shad

A summary of eight years of study

By Gary K. Ostrander, Ron Parker, and William E. Hawkins

During the spring of 1991, while

conducting studies on the

health offishes in various lakes

and rivers in Oklahoma (e.g.,

Kuehn et al. 1995), we were asked to in-

vestigate reports of large black tumors ap-

pearing on the skin of gizzard shad

(Dorosoma ceped/anum-fig. 1). The shad

were collected from a lake within

Chickasaw National Recreation Area in

south-central Oklahoma. The Lake of the

Arbuckles is a 2,350-acre reservoir fed by

Guy Sandy Creek, Buckhorn Creek, Rock

Creek, and its tributary, Travertine Creek

(fig. 2). The lake has a mean depth of 9 m
(-30 ft) and 58 km (36 mi) of shoreline. In

1996, the park recorded more than 70,000+

boater visits and approximately 20,000

boats on the lake with most visitors par-

ticipating in sport fishing activities. The

primary sport fish within the recreation area

include largemouth, smallmouth, and spot-

ted bass; crappie; channel catfish; and sun-

fish. The incidence oftumors on gizzard shad

is of concern because the species is a forage

fish in Lake ofthe Arbuckles, the park's larg-

est aquatic resource, and it is unexplained.

Construction and filling of the Lake of

the Arbuckles was completed in 1967 and

nothing in its history suggests any signifi-

cant contamination could be responsible for

tumors appearing in the fish. Nonetheless,

we began a comprehensive study in Au-

gust of 1991 with the ongoing objective of

determining the nature and extent of the

lesions appearing in the gizzard shad re-

siding in the lake.

Malignant tumors documented
The initial survey of Lake of the

Arbuckles revealed that 14 of 105 gizzard

shad collected exhibited one or more raised

black lesions. Grossly, the lesions were pri-

marily distributed over the head, trunk, and

fins as superficial raised masses that were

almost always darkly pigmented (see fig.

1) and ranged in size from 0.1 to >2.0 cm
(0.04-0.79 in) in diameter. The lesions were

ultimately diagnosed as subcutaneous

spindle cell tumors that most likely arose

from the cells that surround nerves or from

pigment cells (Ostrander et al. 1995).

Subsequent surveys ofthe lake (1991-96)

and the collection of over 1,200 adult and

at least 2,000 juvenile shad have revealed

that at any one time approximately 20% of

the adult shad f>l year) exhibit one or more

tumors. To date, tumors have not been seen

in any of the juvenile shad that we have

examined. The significance of these obser-

vations lies in the fact that fish exhibiting

tumors in 1996 were not present when the

lesions were first discovered in 1991; thus,

whatever is responsible for the formation

of the tumors is still exerting its effect to-

day.

What is causing the tumors?
Once the diagnosis ofmalignant cancer-

ous tumors in the gizzard shad was made,

the focus of our efforts shifted to attempt-

ing to determine the cause. Cancer in fishes

has been previously reported at various lo-

cations in North America (e.g., Puget

Sound, Boston Harbor, The Great Lakes),

but never in a national park (reviewed in

Harshbarger and Clark 1990). Typically, tu-

mor-bearing fish populations are found in

areas high in human-caused pollution with

aromatic hydrocarbons (e.g., fossil fuels) or

heavy metals most often being implicated;

thus, our initial studies focused on the

analysis of the water and sediments of the

Lake ofthe Arbuckles. Water and sediment

samples were collected from a variety of

locations and subjected to gas chromatog-

raphy-mass spectrometry. The resulting

spectra were matched to an online library

of44,000 environmental contaminants. No
significant matches were found. Likewise,

analysis of water, sediment, and shad tis-

sue samples did not reveal significant lev-

els ofchromium, nickel, lead, cadmium, or

copper-all previously implicated in tumor

formation in other vertebrates, including

humans. Finally, we used inductively

coupled plasma mass spectrometry to de-

termine if significant levels of 64 trace ele-

ments (e.g., arsenic, selenium, mercury, etc.)

correlated with the high levels of tumors

seen in the gizzard shad. Again, no signifi-

cant increase in any of these elements was

observed (Ostrander et al. 1995,Jacobs and

Ostrander 1995).

The region around the Lake of the

Arbuckles is the site of natural deposits of

uranium and as such we explored the hy-

pothesis that elevated levels of radioactive

uranium or its by-product radon gas could

be contributing to the high tumor incidence

seen in the Lake of the Arbuckles. Water

samples were collected from Lake of the

Arbuckles and Lake Carl Blackwell and

analyzed for gross alpha/beta and radon-

222 radiation. Lake Carl Blackwell is also

located in central Oklahoma and contains

a large population of tumor-free shad. As

with the other chemical analyses, no in-

crease in the background levels ofuranium,

total radioactivity, or radon were observed.

Moreover, no differences were noted be-

tween the two lakes (Geter et al. 1998).
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Lake off

the Arbuckles

1. Guy Sandy

2. Rock

3. Buckhorn

Oklahoma

Figure 2. Map of south-central Oklahoma and northern Jexas illustrating sampling sites. Lake of the

Arbuckles is within Chickasaw National Recreation Area.

According to earlier research, viruses can

cause tumors in fish and other organisms.

Among fishes, at least two examples of tu-

mors similar to what we are observing in

the Lake ofthe Arbuckles have been linked

to retroviruses (discussed in Ostrander et

al. 1995). Our laboratory developed a test

for the assessment of a retroviral cause of

these tumors. Examination of the tumors

for reverse transcriptase, an enzyme indica-

tive of the presence of a retrovirus, was

negative. Likewise, analysis of the tumors

by electron microscopy failed to reveal the

presence ofany retroviral or other viral par-

ticles. Along these same lines, the occur-

rence of tumors was not seasonal as often

is the case with virally induced cancers in

feral fish population (Ostrander et al. 1995).

We have also investigated the possibility

that tumors in the gizzard shad may arise

from only a certain segment ofthe popula-

tion. That is, it is reasonable to hypothesize

that if restricted interbreeding was occur-

ring within a segment ofthe population the

tumor phenotype could be carried through

successive generations. The mechanism for

such an occurrence has been previously

identified in fish and humans. The best stud-

ied example is the occurrence of melano-

mas in laboratory populations of

Xiphophorus (swordtails and platys-fish that

bear live offspring) that are caused by the

altered expression of a tumor suppressor

gene (reviewed in Ostrander and Blair

1997). Altered expression oftumor suppres-

sor genes and oncogenes have been impli-

cated in a variety ofhuman cancers includ-

ing those of the breast, ovary, kidney, and

eye. We have recently completed pilot stud-

ies in which we examined tumor-bearing

and nontumor-bearing individuals for ob-

vious genetic markers. Specifically, we per-

formed random amplified polymorphic

DNA (RAPD) and double-stringency poly-

merase chain reaction (DS PCR-laboratory

techniques that facilitate detection ofDNA-
based diseases) analysis (described in Geter

et al. 1998). Tumor-bearing gizzard shad

were indistinguishable from nontumor-

bearing gizzard shad by genetic marker

analysis performed in our studies.

nets. These fish are routinely examined

grossly for tumors and on occasion com-

plete necropsy is performed. The most

common non-shad species caught is the

catfish, and to date no tumors have been

seen. Over the years we have also caught

about 30 bass, including white, smallmouth,

and largemouth. Two individuals have pre-

sented tumors and one of these has been

examined in some detail (Hawkins et al.

1996). A white bass exhibited a tumor that

was a solitary soft round mass that bulged

from the anal fin. The lesion was sugges-

tive of a poorly differentiated hemangi-

opericytoma (a tumor that likely arose from

cells surrounding a blood vessel), though it

might have derived from a nerve sheath,

pigment cells, fibroblasts, or smooth
muscle. Hemangiopericytoma is a relatively

rare lesion in wild fish. Its discovery in a

white bass from the same location in which

resident gizzard shad exhibit a high fre-

quency of similar lesions arising from cells

around nerves instead ofblood vessels is of

concern. Further surveys and studies of

non-shad species are needed.

Unlike hemangiopericytoma, pigmented

subcutaneous spindle cell neoplasm is a

tumor that arises from cells surrounding

nerves. Tumors of this type were first ob-

served in gizzard shad in 1991 and thought

to be limited to Lake of the Arbuckles;

however, a similar incidence (-20%) ofthis

disease has now been documented in three

additional lakes. Two of these lakes,

Texoma and Murray, are located about 55

km (34 mi) south ofLake ofthe Arbuckles

and share the same drainage. Sampling was

conducted at multiple sites at lake Texoma

(Glasses, Caney, and Lebanon) and one site

Cancer in fishes has been previously reported at various locations in

North America, but never in a national park

Field studies, in which fish were sampled

from various locations at different times of

the year supported the hypothesis that tu-

mor-bearing and nontumor-bearing shad

collected from Lake of the Arbuckles rep-

resent a single genetically homogeneous

population (Jacobs and Ostrander 1995).

Tumors in other fish?

The primary focus of our studies for the

last six years has been the gizzard shad and,

as such, our sampling methods are opti-

mized to target this species. Nonetheless,

we often capture nontarget species in our

at Lake Murray (see fig. 2). Both Lake of

the Arbuckles and Lake Murray were

stocked by the Oklahoma Department of

Water Quality with gizzard shad from Lake

Texoma in 1980 (J.Pigg, personal commu-

nication). This suggests that antecedents of

tumor-bearing shad from Lake of the

Arbuckles and Lake Murray were intro-

duced from the same source at the same

time; that is, they may have a common
ancestor that carried this deleterious trait.

A third lake, Fort Supply, is found in the

See "Shad" on page 36
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"Shad" continuedfrom page 35

western panhandle region and is outside

this drainage. In all cases the incidence of

tumors remains roughly 20%.

hemangiopericytoma in a white bass, Monrone

chrysops. Journal of Aquatic Animal Health.

8:150-54.

Ostrander, G. K., W. E. Hawkins, R. L Kuehn, S. D.

Jacobs, K. D. Berlin, and J. Pigg. 1995. Epizootic

For the study, researchers collected juvenile and adult shad from Lake of the Arbuckles with a beach seine.

Future direction

To date we have not been able to deter-

mine the cause or source of the tumors ap-

pearing in gizzard shad in four Oklahoma

lakes. Moreover, neither the geographical

extent of the outbreak nor when it began

are known. Finally, the exact cell(s) of ori-

gin for the tumors remains to be deter-

mined. Our current studies are focused on

answering these questions, p
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"Highlights " continuedfrom page 5

eggs being laid in vireo nests (2.0 eggs per

nest in 1998) is an indication that cowbird egg

production can outpace the breeding capac-

ity ofpreferred hosts. The high rate ofparasit-

ism on Bell's vireo is alarming and could lead

to an unstable population that is susceptible

to extirpation. These numbers indicate that the

continued presence of Bell's vireo at Ratde-

snake Springs is at risk requiring long-term

monitoring and management action.

To reduce the impacts ofcowbirds, the park

has removed horses from Rattlesnake Springs,

buried powerlines that were commonly used

as perches by cowbirds, and removed or addled

cowbird eggs from Bell's vireo nests. Future

management actions may include increasingthe

riparian habitat and trapping cowbirds.

Rocky Mountains

Whirling disease found in Yellowstone

During the 1998 field season, staff from

Yellowstone's Aquatic Resources Center con-

firmed the presence ofwhirling disease in the

park. In recent years, the disease, caused by

a parasite that attacks the cartilage ofyoung

fish, has been found in streams around the

park, but previous sampling efforts had not

indicated its presence within Yellowstone. In

three separate tests, native Yellowstone cut-

throat trout taken from Yellowstone Lake

near the mouth of Clear Creek, a major

spawning tributary, tested positive for whirl-

ing disease. Fish affected by the disease are

unable to feed normally, which often results

in their being more subject to predation, star-

vation, and premature death. Biologists will

test additional fish from in and around the

lake during the summer of1999 to learn more

about the extent of the disease.

NAS begins review of natural

regulation in Yellowstone

In 1998, Congress requested that the Na-

tional Academy of Sciences (NAS) initiate a

comprehensive and objective review of un-

gulate management in Yellowstone. The

group's first visit to Yellowstone occurred in

mid-January, during which they heard from

a variety of speakers. Twelve scientists have

been appointed to the task which is expected

to take approximately two years and has been

allocated funds of $500,000.

36 Park Science



ttosysiem-based assessment
of biodiversity associated with

eastern hemloik forests

By Carolyn 6. Mahan

The eastern hemlock (Tsuga

canadensis) is a shade-tolerant,

late-successional conifer that

provides a unique cover type in

the eastern forest (Rogers 1978). Eastern

hemlock stands are highly valued at Dela-

ware Water Gap National Recreation Area

(New Jersey and Pennsylvania-fig. 1) and

Shenandoah National Park (Virginia) be-

cause of their aesthetic, recreational, and

ecological qualities. Personnel and coopera-

tors from Delaware Water Gap and

Shenandoah have conducted ecological

studies in hemlock stands and identified

numerous species of plants and wildlife,

some ofwhich are sensitive species, within

this unique forest habitat (Sciascia and

Pehek 1995, Battles et al. 1996). For ex-

ample, blackburnian warblers (Detidroica

fusca) and water shrews (Sorexpalustris) are

closely associated with hemlock stands

(Benzinger 1994, Sciascia and Pehek 1995).

At Shenandoah National Park, some popu-

lations of the federally endangered Shen-

andoah salamander (Plethodon shenandoah)

occur in dense hemlock stands (Mitchell

1991, Watson et al. 1994). Moreover, plant

species such as painted trillium (Trillium

undulatum) grow primarily under the

canopy of hemlock stands (Radford et al.

1968).

The aesthetic, recreational, and ecologi-

cal values of hemlock stands at Delaware

Water Gap and Shenandoah are threatened

by the hemlock woolly adelgid {Adelges

tsuga Annands; HWA), an exotic insect pest

that attacks and can kill eastern hemlock

trees (McClure 1991-fig. 2, page 38). The

hemlock woolly adelgid was first detected

in Shenandoah in the winter of 1988 and

now infests all eastern hemlock stands at

that park causing significant mortality of

hemlock trees (Watson et al. 1994). Re-

source managers at Delaware Water Gap
learned in 1989 that hemlock stands were

infested with the insect (Evans 1995).

The biodiversity associated with hemlock

stands could be at risk if the current trend

ofHWA infestation and resulting mortal-

ity continues. The National

Park Service endeavors to

protect and maintain the

natural heritage of its lands,

particularly under the threat

of an invasive exotic species

such as the adelgid. Baseline

information on the biotic

components ofhemlock eco-

systems is fundamental to the

protection and restoration of

biodiversity and to the main-

tenance ofecosystem dynam-

ics in hemlock stands at both

Delaware Water Gap and

Shenandoah.

The Pennsylvania State

University (Penn State) and

the Biological Resources Di-

vision (BRD) ofthe U.S. Geo-

logical Survey in cooperation

with the National Park Service have con-

ducted research to assess the biodiversity

associated with hemlock and complemen-

tary paired hardwood ecosystems at the

two parks (Ross et al. 1996, Yahner et al.

1996). The goals of this project were to:

(1) assemble and synthesize existing infor-

mation on terrestrial floral and faunal di-

versity at both parks; (2) develop and

establish study site design for forest stands

at both parks; (3) develop and standardize

specified field protocols and procedures for

a biodiversity inventory in hemlock and

complementary hardwood ecosystems at

both parks; (4) conduct aquatic biodiversity

sampling in hemlock and complementary

paired hardwood ecosystems at Delaware

Water Gap; and (5) conduct terrestrial

biodiversity sampling in a hemlock and a

complementary hardwood stand at Shen-

andoah National Park. Aquatic research,

similar to that being conducted at Delaware

Water Gap, is not being conducted at

Shenandoah primarily because hemlock

stands at Shenandoah tend to be small and

exist as very narrow strips along stream cor-

ridors. The effects of hemlock on aquatic

biodiversity, therefore, may be difficult to

ascertain because the non-hemlock com-

Figure 1. Eastern hemlock (Tsuga canadensis) ravine at Hornbeck

Hollow, Delaware Water Cap National Recreation Area,

Pennsylvania.

ponents of the forest contribute a much
larger proportion of the leaf litter inputs

entering the stream.

Biodiversity database

To meet the first objective, we compiled

information from existing reports, publica-

tions, museums, and databases (including

NP Flora/Fauna) on terrestrial floral and

faunal biodiversity found in and around the

two parks (Mahan 1997a, 1997b). Bio-

diversity information was integrated with

existing data in a newly created computer-

ized database using Microsoft Access

(termed the Biodiversity Database). Bio-

diversity information was collected for

amphibians, reptiles, birds, mammals, vas-

cular and nonvascular plants, and inverte-

brates. The database significantly enhances

the information available on terrestrial

biodiversity in and around the two parks.

Furthermore, NP Flora/Fauna contains

little to no information on invertebrates

present in either park. The Biodiversity

Database, however, contains over 8,000 and

1,500 species of invertebrates that poten-

tially could be located at Delaware Water

See "Hemlock " on page 38
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"Hemlock " continuedfrom page 37

Gap and Shenandoah, respectively. The

Biodiversity Database was installed at both

parks in 1997.

Selection of forest stands

To meet the second objective, BRD re-

searchers developed a landscape analysis

methodology to select forest stands for con-

ducting biodiversity inventories (Smith et

al. 1996). Stand boundaries at both parks

were defined using forest cover-type maps

provided by resource managers at each park

(Myers and Irish 1981, Teeter 1988). Geo-

graphic Information System (GIS) meth-

ods were used to tabulate landscape

attributes of hemlock stands. Hemlock

stands were clustered into three topo-

graphic types based on their landscape at-

tributes generated from a 1:24,000 digital

elevation model (USGS topography)

(Smith et al. 1996). Landscape attributes

used for classifying and clustering hemlock

stands included: elevation, percent slope,

aspect, and terrain shape (Smith et al. 1996).

Hemlock stands in each topographic type

were then paired with hardwood forest

stands using multivariate distance based on

similar landscape attributes. Potential study

stands were visited at Delaware Water Gap
and Shenandoah to check the appropriate-

ness of using the proposed methodology

to stratify stands based on topographic type.

Fourteen and seven pairs of hemlock and

hardwood forest stands were selected as

potential study sites at Delaware Water Gap

and Shenandoah, respectively (Mahan

1997c, 1997d).

Biodiversity inventories: protocol manual

For the third objective, a manual that de-

tails standardized field protocols for inven-

torying terrestrial and aquatic flora and

fauna was prepared (Mahan et al. 1998).

Protocols for terrestrial floral and faunal in-

ventories were standardized and developed

by researchers at Penn State. Protocols for

aquatic sampling were standardized and de-

veloped by researchers from the USGS Bio-

logical Resources Division (Ross et al.

1996). The protocol manual was reviewed

by resource managers at Delaware Water

Gap and Shenandoah and researchers as-

sociated with the Smithsonian Institution's

Monitoring and Assessment ofBiodiversity

Program (see Dallmeier 1992).

Aquatic biodiversity inventories at

Delaware Water Gap
To obtain the necessary information on

the aquatic components ofbiodiversity (ob-

jective 4), macroinvertebrate and fish as-

semblages were sampled in stream reaches

within 14 hemlock and paired hardwood

stands at Delaware Water Gap during 1997.

Aquatic macroinvertebrates and fish were

sampled were sampled during April and

July, respectively. Sampling events were

timed to maximize resident species diver-

sity (Ross et al. 1996). Length of stream

reaches sampled were proportional to

stream width and reflected existing land-

scape variation (Ross et al 1996). Macro-

invertebrate and fish samples were collected

from a variety of microhabitats within

stream reaches in each stand. Streams

draining hemlock forests at Delaware Wa-

ter Gap contained approximately 37% more

taxa of aquatic invertebrates than streams

draining hardwood stands (Snyder et al.

1999). In addition, streams draining hem-

lock forests supported more predatory in-

vertebrates than stream draining hardwood

stands. Finally, brook trout (Salvelinus

fontinalis) were more likely to occur in

streams draining hemlock forests (Snyder

et al. 1999).

Terrestrial biodiversity inventories

at Shenandoah
To obtain the necessary information on

terrestrial flora and fauna (objective 5), a

biodiversity profile inventory (plot-based

sampling) using numerous sampling pro-

tocols was conducted in conjunction with

more extensive sampling across a larger

area (stand-based sampling). The terrestrial

biodiversity profile inventory was con-

ducted during 1997 at one hemlock stand

(Limberlost) and a complementary paired

hardwood stand (Matthew's Arm) in Shen-

andoah National Park. The biodiversity

profile inventory included intensive sam-

pling for terrestrial plants, vertebrates, and

invertebrates from the forest soil to the for-

est canopy within a20mx20m plot. Al-

though preliminary results suggest that

hardwood forests are more biologically di-

verse than hemlock forests at Shenandoah,

hemlock forests do seem to have unique

species composition and structure. For ex-

ample, many families of terrestrial inverte-

brates were only found in the hemlock

stand (Sullivan et al. 1998). Several fami-

lies offlies that depend on decaying organic

matter and fungi were more abundant in

Figure 2 (above). Eastern hemlocks at Thornton Gap,

Shenandoah Notional Park, have died as a result of

hemlock woolly adelgid infestation. Note the gap

created in the forest canopy by the dead hemlock.

the hemlock forest. Furthermore, orb-weav-

ing spiders, a group ofspiders that requires

open habitat structure, were more abundant

in the hemlock forest. Individuals of the

bark lice family Peripsocidae, and the mil-

lipede family Parajulidae, also were more

abundant in the hemlock than the hard-

wood forest at Shenandoah. Red-backed

salamanders (PJethodon cinereus), which feed

on large detritivorous invertrebrates, such

as millepedes, were significantly more

abundant in the hemlock forest. Finally,

southern red-backed voles (Clethrionomys

gapperi), a fungivorous small mammal spe-

cies, appear to be more abundant in the

hemlock forest at Shenandoah.

Hemlock stands at Shenandoah National

Park and Delaware Water Gap National

Recreation Area support unique assem-

blages ofterrestrial and aquatic species that

contribute significantly to the biodiversity

of the mid-Atlantic's predominantly hard-

wood landscape. Loss of hemlock ecosys-

tems due to infestation by the hemlock

woolly adelgid may result in significant

losses of biodiversity especially in unique

invertebrate assemblages. These baseline

data on the biotic components ofhemlock

ecosystems is fundamental to the protec-
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tion, maintenance, and restoration ofhem-

lock ecosystems threatened by the hemlock

woolly adelgid. p
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"Wade " continuedfrom page 13

indicator species are not the most reliable indi-

cator ofwhat is going on in the ecosystem.

I just spent four days on Hazel Creek in

the park with the fisheries crew, representa-

tives ofthe North Carolina fisheries program,

and the North Carolina local chapter ofTrout

Unlimited. We collected and transported 175

native brook trout to a stream that had died

in the 1920s because of silt loading from log-

ging before the parkwas established. This was

the third year I participated. In past years, we
have censused streams, collected data, and

looked for restoration sites for brook trout. I

cannot describe how moved I was to walk

along an old railroad bed with park neigh-

bors and allies carrying back into the wilder-

ness descendants ofthose living creatures that

were destroyed so many years ago. To have

come to a point where we could overcome

ignorance and take yet another step towards

full restoration ofthis significant park, brought

this superintendent to tears. I was not alone

in that feeling. The Trout Unlimited repre-

sentatives who had paid for the project shared

it, as did the North Carolina agency people

who now count park resources as part of

theirs.

I have less trouble imagining the National

Park Service having the ability to inventory

what exists in parks than imagining us keep-

ing the momentum going to continue moni-

toring for all time. In the field last week, I felt

perhaps it's being able to communicate those

special moments that will enable us to keep

people's interest alive in spending the money

for monitoring. Let's be sure to share with

the public what monitoring really means for

our resources.

Finally, let me finish by telling you that the

Smokies is now in the initial stages ofattempt-

ing a feat that has not been accomplished in

the world: a complete inventory ofall our spe-

cies including bacteria One of the main rea-

sons for doing such a project is to heighten

public awareness ofjust how important such a

project is in order to provide stewardship for

these resources in perpetuity. When you read

about the Discover Life in America/All Taxa

Biodiversity Inventory in the Smokies, please

remember that we are not only trying to share

with the world the significance of this park,

but also the significance ofthe treasure house

ofresources preserved in national parks. Get-

ting people excited about what we find in

the Smokies may help all land managers with

the challenge ofarticulating why we need to

know and what it means once we do know, p
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March 22-26

May 23-27

September 23-25

October 11-13

Meetings of Interest

The 10th George Wright Society Conference on

Research and Resource Management in Parks and

on Public Lands is quickly approaching. This biennial

gathering of researchers and resource managers will be

held in Asheville, North Carolina, near Blue Ridge Parkway

and Great Smoky Mountains National Park. Entitled On the Frontiers of

Conservation: Discovery, Reappraisal, and Innovation, the conference is orga-

nized around concurrent sessions with tracks on management, analysis and

synthesis, and Appalachian issues. Details ofthe conference, its program, and

session abstracts are now posted online at www.portup.com/~gws/givs99.html,

or contact the Society at gws@mail.portup.com or 906-487-9722.

To convene in Missoula, Montana, the conference Wilderness Science in a Time

ofChange is fast upon us. Since the first National Wilderness Research

Conference in 1985, interest in wilderness has increased, international and

societal definitions ofwilderness have evolved, and wilderness science has

improved. The science gathering will feature research results and knowledge

synthesis and its management implications. Three symposia are planned: (1)

Sciencefor understanding wilderness in the context oflarger systems; (2) Wilderness

for science:Aplacefor inquiry; and (3) Sciencefor wilderness: Improving manage-

ment. Plenary sessions will explore the interface of science and wilderness.

Details of the conference including the agenda are posted on the Web at

www.umt.edu/wildscience/default2.htm. For program information contact

David Cole, Cole_David/rmrs_missoula@fsfed.us; registration information is

available from Clare Kelly, ckelly@selway.umt.edu or call 888-254-2544.

The Society for Ecological Restoration is planning the international confer-

ence Reweaving the World: Restoration, Community, Culture, to be held at the

Presidio in San Francisco, California. Three symposia are planned: Restoration

ofPublic Lands; Watershed Politics andManagement; and Community, Connection,

and Stewardship. The conference will explore ecological restoration from

numerous perspectives and scales: large, small, and personal. Workshops,

field trips, and presentations will explore current practice and science as it

relates to the growing field of ecological restoration. The Society is accepting

abstracts and posters until March 15 on the following topics: ethics, research,

mining reclamation, wildlife, wetlands, forests, marine, grasslands, fire

ecology and management, monitoring, resource education, among others.

Conference information can be found at www.sercal.org/ser99.htm, or contact

the program chair at amshojff@earthlink.net; 805-634-9228.

The Fifth Biennial Scientific Conference on the Greater Yellowstone

Ecosystem is now in the works and accepting proposals for papers and panel

sessions. Entitled Exotic Organisms in Greater Yellowstone: Native Biodiversity

Under Siege, the conference will explore the conservation ofwild biological

resources, which is increasingly a matter of protecting native plant and

animal assemblages from the threat ofnonnative invasions. Topics for

discussion include defining "nonnative," the use ofbiocontrols, ethical

considerations for nonnatives, related socioeconomic issues, research and

management ofnumerous nonnative species, and the effects ofnonnatives on

resources and the human experience in greater Yellowstone. One-page, double-

spaced abstracts should be transmitted electronically tojoyf>erius@nps.gov by

March 1. The conference will be held at the Mammoth Hot Springs Hotel;

registration information is available by calling 307-344-2209.
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Taming the wild pecan at Lyndon B. Johnson
National Historical Park

Introduction

National parks provide insights

into many facets ofthe United

States of America from the

wild beauty of preserved wil-

derness to carefully managed agroeco-

systems that reflect our reliance on nature

for sustenance and livelihood. The Lyndon

B. Johnson National Historical Park con-

tains much of this spectrum within its

boundaries, and one plant species in par-

ticular provides a link from the frontier of

the past to today's society. This plant is the

pecan, Carya illinoensis (Wang) K. Koch,

which is recognized by the Texas Legisla-

ture as the state tree of Texas. Cabeza de

Vaca's 16th century journal provided the

first written record of the pecan. While a

captive of American Indians for six years,

he noted returning every other year to

camp on the river (probably the Guada-

lupe) to dine for several months almost en-

tirely on pecans. Early traders bartered with

wild nuts. Settlers thinned out other trees

while leaving the still abundant 100+ foot-

high wild pecans to provide nuts and some

shade for the cattle that could now graze

on the grass that the partially cleared land

would support. The wild pecans were the

sole source of these delectable nuts until

vegetative propagation began late in the

19th century. The pecan is native along the

rivers in Texas, and the native range extends

eastward to the Mississippi River Valley.

George Washington carried pecans as a

snack and Thomas Jefferson had trees im-

By Marvin Harris

Preface

When President Johnson donated

the LBJ Ranch to the people of

the United States, one ofthe few requests

he made was that the ranch "...remain a

working ranch and not become a sterile

relic of the past." To that end, Lyndon B.

Johnson National Historical Park, Texas,

is attempting to preserve a cultural land-

scape that includes the ranching and farm-

ing activities that LBJ engaged in when
he lived here. The pecan orchard, along

with other crops and the cattle herd, is

managed for sustainable production. The

goals are to produce a crop using the best

management practices available and to

adhere to NPS policies and regulations.

Among the policies that we adhere to are

those concerning integrated pest manage-

ment (IPM). The Pecan IPM Plan will

meet this responsibility, by reducing the

use ofpesticides to an absolute minimum,

while still fulfilling the cultural and natu-

ral resource mandates of the park.

ported and planted at Monticello, antici-

pating the massive plantings in Georgia

many decades later.

Until the early 1970s, more than 50% of

Texas pecan production came from natu-

rally occurring trees. Today, about 35% of

the average annual crop of about 65 mil-

lion pounds in Texas comes from the wild

trees. A microcosm of pecan domestica-

tion-from wild trees growing in closed

canopies adjacent to rivers and streams, to

thinned river bottoms suitable for cattle and

pecan operations, to a vegetatively propa-

gated pecan orchard (figure 1)— is repre-

sented at the LBJ National Historical Park.

At the park, an integrated pest management

plan has been developed to allow the or-

chard to be agriculturally productive. The

approach to IPM combines an understand-

ing of how natural processes would pro-

ceed if left alone, with careful monitoring

Figure I. Located in the Lyndon B. Johnson birthplace

yard, this pecan orchard is managed for sustainable o
production using integrated pest management

techniques. Other pecans on the national historical park

are wild and ore managed differently.

See "Pecan" on page 20
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In the next issue...

Originally planned for this issue, our emphasis on the social sciences in parks

will appear next time in Park Science. Guest editor Jared Ficker of the NPS
Social Science Program has pulled together a broad array of articles that

explore the application of economics, political science, sociology, and other

social science disciplines in park management. Publication will be in the early

winter with a routine edition of Park Science following in summer.

Interpretation joins the mix

I
am excited to welcome Judy Visty, Fall River District Interpreter at Rocky

Mountain National Park, to the Park Science Editorial Board. Judy occupies a

new board position that reflects our deliberate effort to be more inclusive of

interpretation in the articles contained in this publication. The change will be

subtle, but with Judy's help, I will look for opportunities to incorporate the

implications of research on interpretive operations in parks and to relate the role

of interpretation in sharing the results of research and its application in resource

management. Similarly, I welcome Jared Ficker of the NPS Social Science

Program as a new board member, serving the interests of the social sciences. His

expertise will help integrate this important and growing field into the mix of

articles that routinely appears in these pages. Judy's and Jared's appointments are

the result of a call for nominees over a year ago and are sure to serve the publica-

tion well. Thanks to all who expressed an interest in serving Park Science in these

positions.

-Jeff Selleck, Editor

Park Science



News & Views

Corrections

Omission

Last issue, the article on el-

ephant seals at Point Reyes (vol-

ume 19(1):30-31) failed to

acknowledge the financial sup-

port for the project from Canon

U.S.A., Inc. Since 1995, Canon

has provided over $3,500,000 in

cash and equipment to 49 parks

through Expedition Into the

Parks, a grants program admin-

istered by the National Park

Foundation. We apologize for the

omission.

URL in error

Also last issue, the Information

Crossfile piece entitled "Popular-

ity of parks affects policy mak-

ing" cited a faulty URL for the

full-length text on the World

Wide Web. The URL should

have read www.du.edu/law/

lawreview/home.html.

Tortoise what?

Lead authorJeffLovich ("Stud-

ies of reproductive output of the

desert tortoise...," Park Science

19(l):22-24) pointed out a hu-

morous error in the caption for

figure 3 that ran with the article.

A publication layout problem ob-

scured the final word of the last

sentence such that it read, "Nests

are often constructed in the

mouth of a tortoise." The miss-

ing word was "burrow."

Any inconvenience thismay have

causedfor the tortoise (or the au-

thors) is regretted. -Editor

Guest editors, ideas

wanted
Park Science occasionally pub-

lishes thematic issues that explore

topics of special interest to re-

source managers. The bulk of

such issues is devoted to the in-

depth treatment ofthe topic. The

departments of the publication

(Highlights, Information Cross-

file, and the others) are unaffected

and continue to report their re-

source management news in the

usual way. Examples of past

themes are "Global Change" (vol-

ume 10(4)) and "Pollution in

Parks" (volume 6(4)). Our next

issue (volume 20(1)), in the works

for more than a year, will be tided

"Social Science-Useable Knowl-

edge for NPS Managers."

Thematic issues are commonly

put together by a guest editor (or

editorial team) who sees a need

and has the interest, ability, and

specialized subject-area knowl-

edge to solicit, gather, review,

edit, and prepare the bulk ofthe

materials for the issue. The edi-

tor serves as a technical consult-

ant to the guest editor during

development ofthe concept and

materials for the thematic issue,

and is responsible for the layout

and design ofthe issue, its print-

ing, and circulation. The Park Sci-

ence Editorial Board reviews the

materials for diese issues and may

also aid in their development.

Planning for a thematic issue

begins with a proposal submit-

ted usually one to two years be-

fore release ofthe publication. A
proposal states the theme, its

timeliness and relevance to the

publication audience, and the ar-

ticle treatments envisioned to sys-

tematically cover the topic. It also

describes a process and approxi-

mate time line for announcing the

issue, inviting contributions, and

reviewing and preparing the ma-

terials for publication. Finally, it

spells out the qualifications ofthe

guest editor. The Park Science

Editorial Board considers pro-

posals based on the currency of

the topic, applicability ofthe ma-

terial, budget, and publishing

schedule. If selected, the editor

and guest editor outline their re-

spective roles and responsibilities

and begin work on the project.

Topics suggested recently for

thematic issues have included

hazardous materials, damage as-

sessment procedures, GIS, eco-

system management,

and the contributions

ofvarious NPS opera-

tions to the Environmen-

tal Quality Initiative. If you

would like to serve as guest edi-

tor to bring one ofthese ideas to

fruition, or ifyou have a proposal

for a thematic issue and a guest

editor who could pull the mate-

rials together, please contact Park

Science editor Jeff Selleck (jeff_

selleck@nps.gov). Proposals for

thematic issues and nominations

of guest editors are accepted at

any time.

Science scholarship

program announced
for 2000
The Canon National Parks Sci-

ence Scholars Program will award

scholarships to eight doctoral stu-

dents in 2000. Each student se-

lected will receive $25,000 per year

for up to three years to conduct

dissertation research in the na-

tional parks. In addition, four hon-

orable mentions will be awarded

a one-time scholarship of$2,000.

The competition will focus on

four research topics within the

biological, physical, social, and

cultural sciences. Selected by the

National Park Service, the re-

search topics are of critical im-

portance to the management of

the national park system. Students

applying for 2000 scholarships

must submit dissertation propos-

als that address these topics.

For an application and guide-

lines, contact Dr. Gary Machlis,

Program Coordinator, Canon

National Parks Science Scholars

Program, Natural Resource Stew-

ardship and Science, National

Park Service, 1849 C Street NW
(MIB 3127), Washington, D.C
20240; gmachlis® uidaho.edu or

visit www.nps.gov/socialscience/

waso/acts.htm. Applications are

due 1 June 2000. Winners will be

announced shortly after 7 August

2000.

Highest natural

resource honors
bestowed
The National Park Ser-

vice recently presented five

individuals with its 1998 Di-

rector's Awards for Natural Re-

source Stewardship. The honors

recognize outstanding achieve-

ments in the protection of eco-

system health in parks. The
awards were given during Sep-

tember at the Society ofEcologi-

cal Restoration's annual meeting,

held at the Presidio in San Fran-

cisco. This year's winners have

fought to prevent exotic plants

from destroying native vegeta-

tion, developed programs to in-

ventory and monitor park plants

and animals, and applied science

to help managers make sound

decisions.

Kathy M. Davis, Chief of Re-

source Management with the

Southern Arizona Office (Phoe-

nix) is the recipient of the

Director's Award for Natural Re-

source Management. She is rec-

ognized for her leadership in the

development and implementa-

tion of the NPS Resources Ca-

reers Initiative. Under Kathy's

leadership, the Resources Careers

task force conceived, developed,

and completed professional, ca-

reer-ladder position descriptions

and classification evaluation

statements in natural and cultural

resource series and in interdisci-

plinary series. Her efforts affect

every resource manager in the

National Park Service by creat-

ing a framework for profes-

sionalization and success. Addi-

tionally, Kathy serves as an

effective resource manager for 10

small parks in southern Arizona.

William Halvorson is the Co-

operative Park Studies Unit

Leader at the University of

Arizona-USGS Biological Re-

sources Division. Halvorson is a

champion ofresearch applicabil-

Continued on page 4
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ity in park, management. His con-

tinual, professional support of

park staffs and commitment to

quality research and resource

management in national park ar-

eas in southern Arizona has en-

abled these units to overcome

significant challenges. One ofhis

trademarks is communication of

research results through such

means as a forum he helped

found for the discussion and

evaluation ofnatural and cultural

resource programs. Additionally,

he published Bajada (a research

newsletter) for several years and

coauthored an important chap-

ter entitled "A lesson learned from

a century ofapplying research to

management of national parks"

for the 1996 book, Science in Eco-

system Management in the National

Parks.

Karen Wade is the winner of

the Director's Award for Super-

intendent ofthe Year for Natural

Resource Stewardship. As Super-

intendent ofGreat Smoky Moun-

tains National Park, North

Carolina and Tennessee, Karen

encouraged her staffto initiate the

All Taxa Biodiversity Inventory,

an ambitious effort to identify all

species living within the park.

Under her direction, the park

developed a strategy to complete

the inventory without significant

federal funding. Additionally,

Karen is widely regarded as a cre-

ative thinker and believes

strongly that partnerships among

a broad cross-section ofconstitu-

ents are key to solving problems

related to park issues. She has

recently become Intermountain

Regional Director ofthe National

Park Service.

Richard R. Potts II is the Natu-

ral Resource Program Manager

at Kalaupapa National Historical

Park, Hawaii, and recipient ofthe

Trish Patterson-Student Conser-

vation Association Award for

Natural Resource Management

in a Small Park. Injust over three

years, Rick has transformed natu-

ral resource management at the

park from virtual nonexistence

into an energetic program that

addresses a wide range of issues

from an ecosystem perspective.

He has identified threats within

designated, high priority "special

ecological areas" within the park,

and obtained funding to equip a

vegetation management special-

ist. Under Rick's leadership, sev-

eral thousand acres of native

Hawaiian ecosystems are being

protected from alien ungulates by

fencing, administrative hunting

by local hunters, and aerial shoot-

ing. Also, he has also instituted

monitoring programs for key na-

tive Hawaiian species, developed

population estimates ofaxis deer

and pigs, and helped protect

marine and freshwater resources

in Kalaupapa. As a result of the

award, the Student Conservation

Association will underwrite a sea-

sonal SCA Resource Assistant

position for the park.

Joseph Dunstan is the Sus-

tainability Coordinator for the

Pacific West Region and recipi-

ent of the Director's Award for

Excellence in Natural Resource

Stewardship through Mainte-

nance. Joe is a leader in promot-

ing sustainable practices and

opportunity planning in parks.

He has been able to increase the

role ofsustainability in the parks

by conducting team evaluations

ofsuch park operations as main-

tenance, concessions and visitor

services, handling of waste, and

energy uses. The team identifies

resources flowing into a park, de-

scribes how the activities of staff

and visitors alter those resources,

and explores ways parks can in-

corporate additional sustainable

practices into daily routines.

Park Science congratulates these

winners and encourages readers

to be thinking ofnominees for the

1999 awards. Nominations will

be solicited in the near future on

the NPS Natural Resources Bul-

letin Board on cc:Mail.

Former chief scientists

on the move
Over the past two years, three

former regional chief scientists

with the National Park Service

have moved on to other career

positions in the federal govern-

ment and one has retired.

Dr. William Anderson retired

from the National Park Service

in March 1998. Bill began his

NPS career in 1973 as a plant pa-

thologist with the NPS Ecologi-

cal Services Laboratory in Bay St.

Louis, Mississippi. In 1976, he be-

gan a five-year stint with the

North Atlantic Region as a plant

scientist. In 1981, he became the

Chief Scientist of the National

Capital Region and retired in the

position of regional Natural Re-

source Officer. While with the re-

gion, Bill helped establish the

Center for Urban Ecology, provid-

ing quality laboratory and office

space for his staff He also helped

bring about interregional support

within the National Park Service

for the Chesapeake Bay Initiative.

Dr. Suzette Kimball left the Na-

tional Park Service in October

1998 to became the Eastern Re-

gional Biologist with the USGS
Biological Resources Division

(BRD) in Kearneysville, West Vir-

ginia. Suzettejoined the Park Ser-

vice in 1991 as the research

coordinator for the barrier island

component of the Global Cli-

mate Change Program. She also

served as Southeast Regional

Chief Scientist before assuming

the position of Associate Re-

gional Director. During her NPS
career, she was a member of the

NPS Science Advisory Council,

Natural Resources Advisory

Council, and the ad-hoc geologic

resources advisory group. In her

new post, Suzette oversees BRD
programs, facilities, and services,

including seven scientific research

centers, for an area that stretches

from Canada to the Caribbean

and west to the Mississippi River.

During fall 1999, Dr. Dan Huff

accepted a detail with Region 6

ofthe U.S. Fish and Wildlife Ser-

vice (FWS) to serve as team

leader for the development ofthe

Jackson (Wyoming) bison and elk

management plan and environ-

mental impact statement. Dan's

position is funded jointly by the

NPS and FWS under a coopera-

tive agreement. As former Rocky

Mountain Regional ChiefScien-

tist and Intermountain Assistant

Regional Director for Natural Re-

sources and Science, Dan was a

leader in addressing controversial

and complex wildlife manage-

ment issues, serving for several

years as the chair of the Greater

Yellowstone Interagency Brucel-

losis Committee. His new posi-

tion is sure to be similarly

important and challenging.

As the article on page 14 ex-

plains, Dr. Ron Hiebert has been

selected as the first Research Co-

ordinator ofthe Colorado Plateau

CESU in Flagstaff He remains

with the National Park Service in

this role. Ron served as the Re-

gional ChiefScientist in the Mid-

west Region beginning in 1988,

becoming its Assistant Regional

Director for Natural Resources in

1995. Throughout his career, Ron

has been interested in the pres-

ervation and restoration of eco-

systems and the management of

exotic plant species. Additionally,

he has been involved with numer-

ousNPS initiatives and work groups

and has served as chair ofthe Park

Science Editorial Board since 1994.

All four former regional chief

scientists distinguished themselves

in dieir positions ofleadership and

will be missed. Park Science thanks

them for their contributions to the

resource preservation mission of

the National Park Service and for

their support of this publication.

We wish them success in their

new endeavors, p
S
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Notes from Abroad

Natural history on a little-known island:

Cracking Navassa's oyster

Article and photographs byJil M. Swearineen

As an entomologist for the National

Park Service, I recently participated

in an expedition to survey the natu-

ral resources of Navassa Island (figure 1), a

small U.S. territory in the Caribbean Sea (fig-

ure 2). Located about 35 miles west of Haiti

and 100 miles south of Guantanamo, Cuba
Navassa had been under the administration

of the U.S. Coast Guard, which operated a

beacon there since the early 1900s (arrow,

figure 1). In 1996, the Department ofthe In-

terior began to administer this 1.9-square-mile

spot ofland, and in 1998 requested a natural

resources inventory in order to determine the

island's future status. This was an exciting op-

portunity to participate in a historic, scien-

tific expedition to document the natural

history of a remote, Caribbean island, and a

chance to make discoveries that would prove

significant in the disposition ofthe island.

National parks, wildlife refuges, and other

protected public lands are set aside, by and

large, to preserve unique, uncommon, beau-

tiful, and otherwise exceptional examples of

natural landscapes, scenery, historic and cul-

tural resources, geologic and hydrologic fea-

tures, and biological resources, including large

animals or "showy megafauna." While pro-

tection ofa selected keystone species is some-

times the main purpose for land preservation,

the decision is rarely based on good knowl-

edge ofthe plants, insects, and other less con-

spicuous occupants ofa site. These elements

ofbiodiversity far outnumber vertebrate spe-

cies and provide essential food and habitat

for their mammoth cousins. Large, natural

areas such as national parks, nature preserves,

and wildlife refuges, are likely to contain sig-

nificant biological diversity, requiring many
years of scientific inquiry to reveal. Navassa

Island was certainly an exception to this rule;

it was proposed for designation as a US.-man-

aged national wildlife refuge in June 1999,

Figure 1 (above). First sight of Novassa Island reveals

the beacon (arrow), location of the "dry" team's camp.

Figure 2 (map). Shaped like an oyster, Navassa is

located approximately 100 miles south of Cuba and

35 miles west of Haiti.

based primarily upon the results ofour brief,

but intensive natural resources survey.

Survey teams assembled
The Center for Marine Conservation in

Washington, D.C., organized the expedition,

which consisted of terrestrial (figure 3) and

marine resources teams (table 1, page 6). The

goal was to conduct as complete as possible

inventories of the plants, invertebrates,

herpetiles, birds, mammals, fish, corals, and

other organisms during a 12-day visit. A ge-

ologist was included to sample rocks, soils,

and other materials, for the purpose ofdeter-

mining the age and composition of the is-

land and to attempt to unravel the island's

geologic history. My role as part ofthe terres-

trial team was to assist with the entomological

surveys and to help photo-document thejour-

ney and survey activities.

Historical exploration of Navassa
Although our surveys of Navassa Island

would be the most comprehensive, they were

not the first. The island was discovered in

1504, when Christopher Columbus dis-

patched members of his crew from Jamaica

to Hispaniola to get some badly needed sup-

plies. They encountered Navassa en route and

inspected it briefly, becoming the first known

to set foot on it. Because the crew reported

an apparent lack ofwater, Columbus had no

interest in revisiting the island. Knowledge

of the island's natural resources, particularly

the flora began accumulating in the late 1700s.

Around 1785, Swedish botanist Olaf Swartz,

sailing for Jamaica passed by Navassa and

recorded two cliff-dwelling plant species,

0.5 I km

Caribbean Sea

which he presumably could see from his ship.

The island became U.S. property in 1857

when Peter Duncan, a U.S. citizen, claimed

Navassa under the provisions of the newly

passed (1856) Guano Act, which allowed any

person to lay claim to uninhabited islands that

contained large amounts of guano fertilizer.

Mr. Duncan set up a mining operation and

mined the phosphate guano from 1865-98,

with the help of recently freed slaves from

Baltimore, Maryland. In October 1928, E. L.

Ekman, a second Swedish botanist, spent two

weeks on Navassa and reported 102 plant

species, 44 ofwhich he believed to be native.

He published the results of his survey in the

journal "Arkiv for Botanik" in 1929. Fifteen

Figure 3. The terrestrial survey crew consisted

of (clockwise from top row, right, ending in

center) Robert Powell, Bill Buck, lorn lanoni, Jil

Swearingen, Warren Steiner, Robert Halley,

James Oland, and Michael Smith.

"Navassa " continued on page 6
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Notes from Abroad
"Navassa " continuedfrom page 5

months later, H. A. Rehder, from the Arnold

Arboretum of Harvard University, collected

about two dozen plants. He was followed by

Dr. George Proctor, a botanist with the Insti-

tute ofjamaica, who visited the island for four

days in 1956 and documented 38 species of

plants.

Before our expedition in 1998, only one

invertebrate (a spider) was known for the is-

land and no published records ofany insects

existed, although two beetle specimens (dif-

ferent species) were located in the Museum
ofComparative Zoology, Harvard University.

Beyond these, any invertebrates we collected

would be new records for the island.

Figure 4. A Coast 6uard helicopter, on board the cutter,

ferried the survey participants to the island.

Getting there

Against this historical backdrop the terres-

trial, or "dry team," met for the first time in

Ft. Lauderdale, Florida, onJuly 21 1998, and

began final preparations for the intensive 12-

day survey ofthe natural resources ofNavassa

Island. We departed early the next morning

by charter plane (Fandango Air) for Guantan-

amo Bay, Cuba, where we spent the night on

base and had one morning to purchase all of

our food and other perishables for the expe-

dition. In Guantanamo Bay, we were loaded

onto a 270-foot Coast Guard cutter (figure 4)

for a 12-hour, overnightjourney to the island.

We were extremely well looked after while

under the care of the Coast Guard, whose

outstanding logistical support made the ter-

restrial survey possible. Getting onto the

beachless, cliff-rimmed island is treacherous

and requires a helicopter for most purposes.

A rusted, part-rope, part-steel ladder hangs

from a cement slab at Lulu Bay and is used

by Haitian fisherman who frequent the island.

However, from the cutter anchored offshore,

we were ferried to the island by helicopter,

along with our supplies and six, 50-gallon

barrels ofwater, requiring nine sorties.

Once on the island, we were impressed and

surprised by the vast expanse offorest (figure

5) and highly eroded and pitted limestone

rock base. Several grassy savanna-like clear-

ings in the vicinity of the lighthouse were

Table 1.

Navassa expedition participants

Terrestrial Resourtes Team
Expedition Coordinator

Botanists

Entomologist

Entomologist

Geologist

Herpetologist

Ornithologist

Michael Smith

Bill Buck & Tom Zanoni

Warren Steiner

Jil Swearingen

Robert Halley

Bob Powell

James Oland

Center for Marine Conservation

New York Botanical Garden

Smithsonian Institution (Dept. Entomology)

U.S. National Park Service

U.S. Geological Survey

Avila College (Kansas City, MO)
U.S. Fish and Wildlife Service

Marine Resourtes Team

Nina Young Center for Marine Conservation

Barrett Brooks Smithsonian Institution (Dept. Botany)

Ian Griffith Deep Ocean Exploration & Research (CA)

Diane Littler Smithsonian Institution (Dept. Botany)

Mark Littler Smithsonian Institution (Dept. Botany)

Llena San CEBSE & National Mus. of Natural

History (Santo Domingo, Dominican Rep.)

*The marine surveys were conducted from the ship Mogo del Mar, operated by Captain Rafael Castellanos and four

crew, and owned by the Dominican Ministry of Fisheries.

Marine Mammalogist

Phycologist

Submersible Technician

Phycologist

Phycologist

Ichthyologist

welcome openings. We set up camp at the

base of the dismantled lighthouse and in an

adjacent roofless building, the base ofwhich,

we discovered, held two large cisterns of

water. We deemed this water clean enough

to use for washing, which greatly reduced the

demands placed on our limited drinking wa-

ter supply. During the following week and a

half we explored the island using limited rem-

nant paths from the mining operations, and

otherwise made our way slowly through the

dense vegetation with the help ofglobal po-

sitioning system units, to prevent our getting

lost and also to obtain digital location points.

The surveys

The surveys revealed that Navassa's ter-

restrial and marine environments have sig-

nificant biological and cultural values in need

of protection. The surface terrain and geol-

ogy reveal an ancient and isolated island, es-

timated to be between 2 and 5 million years

old, and the island's biota includes a rich di-

versity ofplants and animals, including some

that occur nowhere else. The human history

ofthe island is equally interesting and deserves

separate attention.

Plants

About 120 plants are known to occur on

the largely forested island, dominated by four

species of tropical-subtropical trees: Siderox-

yIonfoetidissiina, Ficuspopulnea var. brevifolia,

Coccoloba diversifolia, and the highly toxic

poisonwood, Metopium brownei, that plagued

the group with blistering poison ivy-like skin

rashes. Two endemic palms occur on the is-

land, one found commonly, and the other

barely hanging on as a single live specimen.

A number ofexotic plants occur on Navassa,

including the popular ornamental Madagas-

car periwinkle (Catharanthus roseus), almost

certainly introduced by people visiting or re-

siding on the island during the past hundred

or more years.

Invertebrates

In attempting to collect as many different

species of insects and other invertebrates as

possible during our visit, we employed a wide

array ofcollecting techniques and placed traps

in a variety of habitat types and zones. Trap

methods included pitfall cup traps (figure 6)

and Malaise traps (vertical flight intercept

nets) fitted with yellow pans of soapy water

set on the ground to catch insects that fall

Park S c e n c e
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'igure 5. The mostly forested landscape ofNavassa

sland conceals its tugged terrain of pitted limestone,

vhich required core to safely negotiate during the

expedition.

'igure 6. The entomologists used pitfall traps, shown

\ere, and other survey techniques to collect insects and

)ther invertebrates.

'igure 1. Preliminary results from the terrestrial survey

ndicate over 500 new insect species records for the

sland, including an unidentified bee species that was

ound pollinating a prickly pear cactus (Opuntia nashii).

when they hit the nearly invisible screening.

Night-flying insects were attracted using black

(ultraviolet) lights against white sheets that

were hung at different locations. Various

manual methods were used to sample leaf

litter, soil, rotten wood, fungi, foliage, air, and

water.

A preliminary examination of our collec-

tions reveals 650 species of invertebrates, in-

cluding over 500 new insect species records

for Navassa (figure 7), 30% ofwhich may be

endemic. Over 100 non-insect arthropods,

mostly spiders, make up the rest. Many spe-

cialists will be needed to work on this diverse

material to get it to final species-level identi-

fications.

Vertebrates

Vertebrate surveys confirmed the existence

and abundance of four endemic herpetiles,

two lizard species (Cekstus badius and Anolis

lougiceps) and two gecko species (Aristdliger

cochranae and Sphaerodactylus becki), all previ-

ously reported for the island. Four other

known species, including a large endemic

iguana that may have been eaten to extinc-

tion, and a boa, could not be relocated. Sev-

eral dozen species of tropical birds inhabit

the island, and are dominated by the highly

vocal white-crowned pigeon, red-footed

booby, and brown booby. A number of cliff-

nesting birds including the bridled tern, added

to the diversity. No endemic mammals are

known to occur on Navassa, and the group

is now represented exclusively by introduced

species such as the black rat, goat, dog, and

possibly cat.

Reflections

This expedition was valuable to me as a

scientist and NPS employee, and on a per-

sonal level. It was the first "rapid bioassess-

ment" project I had participated in and, while

exciting for me, came with some sources of

anxiety. First, I was the only female on the

terrestrial team and would be living very

closely with seven men I had not previously

known (except for my husband, the other en-

tomologist on the team) on an isolated, ex-

posed speck of land in the middle of the

Caribbean Sea. Secondly, the terrain was ex-

tremely difficult to negotiate and the climate

was uncomfortably hot and humid. Each of

us was keenly aware that a single, serious in-

jury could jeopardize the entire effort and

require emergency rescue by helicopter,

which was not readily available until the

completion ofour survey. And, I was selected

to join the expedition with only five days'

advance notice. Due to the complicated lo-

gistics, careful preparation and planning were

required before and throughout the course

of the trip. Fortunately, the eight of us got

along swimmingly. We worked very hard,

shared camp duties equitably, learned a lot

from each other, and had a lot offun despite

the heat, sweat, and unrelenting poisonwood

rashes.

The experience also got me thinking about

the general lack of information about inver-

tebrates in most of our national parks and

other preserves and the great need for sur-

veys to illuminate this information. Rapid

bioassessment-type surveys, such as the one

conducted on Navassa, attempt to collect

comprehensive information on the bio-

diversity ofan area in a short period of time.

Surveys conducted under the NPS Inventory

and Monitoring (I&M) Program attempt to

identify 90% of the vertebrates and vascular

plants in a given park over a longer period of

time. Invertebrates, non-vascular plants, fungi,

and other critical elements of diversity are

not currently included in these surveys. In

addition to species lists, the I&M inventories

also compile information about the distribu-

tion of species in a park (at least for threat-

ened and endangered species or other species

of concern), their relative abundance, and

their association with habitats. Both ap-

proaches to species inventorying, while lim-

ited, provide information that helps us better

understand the ecological value ofour natu-

ral resources and can direct us in our land

protection efforts. Ideally, biological surveys

should be as inclusive as possible and be con-

tinued over an extended period of time to

document short-lived or highly seasonal

species, p
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Pacific-Great
Basin

Prescribed fire effects

investigated ^Sir

Redwood National and

State Parks (California) have

formed a partnership with the

research branch of the USDA
Forest Service in order to study

the effects of prescribed fire on

ecosystem function of coastal

prairies. The study site is the Bald

Hills, an area within Redwood

National Park that includes about

1105 ha (2,729 acres) of coastal

prairies and 620 ha (1,531 acres)

ofoak woodlands. This area has

a history ofoccupation and burn-

ing by American Indians over the

past 4,000 years, followed by a re-

duction in fire frequency in asso-

ciation with European settlement

during the last 150 years. The

park currently conducts the ma-

jority of its prescribed burns

within the Bald Hills in an at-

tempt to restore natural processes

in this fire-dependent ecosystem.

However, the effects of pre-

scribed burning on this area are

not fully understood.

The study approach is twofold.

First, the research will experimen-

tally evaluate the effects of pre-

scribed fire on populations of

small mammals and reptiles.

Objectives are to determine the

effects ofprescribed fire on popu-

Aeriol view ofManeze Prairie seven weeks

after the three study grids were burned. Each

of the three treatment (burned) grids is

located near the center of the burned area,

and each of the three control (unburned)

grids is located to the left of a burned area.

lation characteristics

(e.g., density, survival,

and fecundity) ofsmall

mammals and reptiles,

and to determine how long

potential effects last. The sec-

ond research component will

evaluate associations between

raptor abundance and burn his-

tory (frequency of burns and

number of years since last burn)

throughout the Bald Hills. The

researchers hope to determine

whether potential effects on prey

populations observed in the first

component are influencing habi-

tat use patterns ofa major group

of predators in the Bald Hills.

Focus of the research is on the

prairie habitat, the dominant

habitat type in the Bald Hills.

The study is being conducted

on Maneze Prairie, an area within

the Bald Hills that had not

burned in at least the 20 years be-

fore this study. In preparation for

prescribed burning, personnel

from the parks set up rectangu-

lar grids (0.4 ha or about 1 acre

in size) 80 meters apart. During

September 1998, staffburned ev-

ery other grid in Maneze Prairie,

including a buffer strip >40 m
wide, resulting in three treatment

(burned) and three control (un-

burned) grids (see photo).

The burn provided an opportu-

nity to obtain short-term move-

ment and mortality information for

California voles (Microtus californi-

cus). The researchers radio-collared

and tracked 18 adult voles in the

three burned grids (6 voles per grid,

3 males and 3 females) before and

up to a month after the prescribed

fire. They will continue to sample

small mammal and reptile popu-

lations and vegetation structure and

composition four times per year for

the next 2^4 years. Analysis ofvari-

ance procedures will be used to

compare changes in population

characteristics from pre-treatment

to post-treatment sample periods

between burned and unburned

grids.

The study of association be-

tween raptor abundance and

burn history was initiated during

the winter of 1998-99 and will

continue throughout the upcom-

ing years. To calculate an index

of raptor abundance, the re-

searchers are conducting stan-

dardized roadside counts along

the Bald Hills Road. Observations

of raptors are marked on a map,

and behavioral information (e.g.,

hovering, flying, perched) is re-

corded. Frequency analyses will

be used to evaluate relationships

between raptor abundance and

measures of burn history (e.g.,

burn frequency and number of

years since last burn).

Results from the ongoing re-

search will be reported in a fu-

ture issue of Park Science and in

journal articles.

Chesapeake

Forest studied at George
Washington Birthplace

Marc D. Abrams, Professor of

Forest Ecology and Tree Physi-

ology in the School of Forest

Resources at Penn State Univer-

sity, recently completed a study

ofthe composition, structure, and

dendroecology of a mature

loblolly pine-mixed hardwood

forest at the George Washington

Birthplace National Monument,

eastern Virginia. Loblolly pine,

sweetgum, holly, blackgum, and

several oak species dominate the

forest. Blackgum trees dominated

recruitment from 1840-1900,

based on current age structure.

All other tree species are less than

100 years old. A compilation of

major and moderate radial

growth releases revealed multiple

disturbance events in most de-

cades from 1870-1990. A dra-

matic increase in the radial

growth ofblackgum occurred in

the late 1880s, probably in re-

sponse to selective logging ofpine

and hardwood timber species.

This disturbance stimulated the

recruitment of blackgum fol-

lowed by loblolly pine and other

hardwood species. A decline in

blackgum recruitment occurred

during the 20th century. The ex-

isting loblolly pine range in age

from 64-105 years, and this spe-

cies stopped recruiting in 1935.

Seedlings and saplings of all spe-

cies are scarce, with the excep-

tion of holly, a highly

shade-tolerant, understory tree

species. Loblolly pine trees in the

overstory may exhibit future de-

clines because of their relatively

short longevity, insect attack and

windthrow. Given current con-

ditions, the future stand compo-

sition most certainly will contain

less loblolly pine and more hard-

woods, including sweetgum,

blackgum, and holly.

New England

Johnson to Rhode Island

The Northeast Region recendy

hired Elizabeth Johnson, former

Chiefof Research and Resource

Planning at Delaware Water Gap

National Recreation Area, as the

Regional Inventory and Monitor-

ing Coordinator. Beth will be sta-

tioned at the University ofRhode

Island on the Kingston campus.

Millennium checkup
The millennium can be a use-

ful milestone to measure progress

with the resource stewardship of

our national parks. The North-

east Region in conjunction with

the George Wright Society and

the Conservation Study Institute

will host a conference at Valley

Forge, Pennsylvania, 19-21 Janu-

ary 2000, which will provide an

opportunity to reflect on the

region's work, share successful

approaches, and prepare for

meeting the challenges of stew-

ardship in 2000 and beyond. For

more information please refer to

the conference website at http:/

/www.portup.com/ ~ gws/
ner2000.html. p

Park S c e n c e



Information Crossfi le

Ecological stew-

ardship works
published

The much anticipated,

three-volume work Ecologi-

cal Stewardship:A Common Ref-

erenceforEcosystem Management

(ISBN 0-08-043206-9) is now
in print. Published by Elsevier

Science (www.elsevier.com) in

association with the USDA For-

est Service and the World Re-

sources Institute, the three-vol-

ume set is the result of work

begun in 1995 at the inter-

agency Ecological Stewardship

Workshop in Tucson {Park Sci-

ence 16(2):13-15). At the work-

shop, participants detailed plans

for documenting the knowledge

base and management chal-

lenges for implementing eco-

logical stewardship approaches

to natural resource manage-

ment. As a result, 60 papers

were drafted and address both

the scientific and management

aspects of six themes: shifting

public values; expectations and

law; social and cultural dimen-

sions; humans as agents ofeco-

logical change; biological and

ecological dimensions; and eco-

nomic dimensions and informa-

tion collection and evaluation.

Volume I presents key findings

and volumes II and III are the

full papers. At 1,500 pages, the

hardback set costs $250 and in-

cludes a CD-ROM.
Also recently published is the

USGS report Status and Trends

of the Nation 's Biological Re-

sources. This two-volume set

details the issues affecting bio-

logical resources and the status

and trends ofthese resources in

specific regions of the United

States. The full-color report

(stock number 024-001-03603-

7) contains 1,000 pages of in-

formation ranging from descrip-

tions of the natural processes

affecting our nation's ecosys-

tems, reasons for the current

condition of our natu-

ral resources, and dis-

cussion of the forces

that have the most sig-

nificant impact on these

resources, among other top-

ics. The report is available from

the Superintendent of Docu-

ments, U.S. Government Print-

ing Office (www.gpo.gov/

su_docs/sale.html), for $98.

Deer census method-
ologies reviewed

The large increase in white-

tailed deer numbers in recent

decades throughout much of

the eastern United States has

resulted in an urgent need to

determine the size ofmany deer

populations. To assist resource

managers and biologists in se-

lecting a census technique suit-

able for local conditions and a

variety of project goals and ob-

jectives, authors Allan O'Con-

nell, Jr.
1

, Linda Elyse2
, andJohn

Zimmer3 have published the

"Annotated bibliography of

methodologies to census, esti-

mate, and monitor the size of

white-tailed deer (Odocoileus

virginianus) populations." The

methodologies described in the

bibliography include references

in the field of sampling tech-

niques, enumerating and esti-

mating biological population

size, monitoring trends, and an

extensive list of scientific litera-

ture in these fields specific to

white-tailed deer. A historical

account of techniques used to

count and estimate the size of

deer populations during the

20th century also has been pro-

vided. Citations appear in

ProCite format (version 4.03)

with abstracts and keywords;

indexes for keywords and au-

thors have been included to fa-

cilitate retrieval of information.

The report was funded

through the NPS white-tailed

deer research initiative and is

published by the NPS Boston

Support Office (Technical Re-

port NPS/BSO-RNR/NRTR/
00-2, July 1999, NPS D-200). It

is available on the World Wide

Web in both HTML and PDF
formats. To see the report, visit

www.pwr.usgs.gov/library/

bibs.htm and click on the title

of the bibliography.

Northeast reports

available

The Natural Resource Man-

agement and Research Office of

the NPS Boston Support Office

has recently published the fol-

lowing reports:

Schauf f ler, M., and G. L Jabobsen, Jr.

2000. Paleoecology of coastal and

interior Picea (spruce) stands in

Maine. Research summary and

management recommendation.

NPS/BSO/RNR/NRTR/00-1. NPS

D-204.

'Cooperative Park Studies Unit, Patuxent

Wildlife Research Center, USGS-
BRD, University of Maine, Orono.
department of Wildlife Ecology,
University of Maine, Orono.
'Acadia National Park, Bar Harbor,

Maine.

Glanz, W. E.. and B. Connery.

Biological inventories or Schoodic

and Corea Peninsulas, coastal

Maine, 1996. NPS/BSO/RNR/

NRTR/00-4. NPS D-199.

Sneddon, L. 1999. Classification of

coastal plain pondshore

communities of the Cape Cod

National Seashore. (Number not

assigned as of press time).

Chilelli, M., J. R. Gilbert, B. Griffith,

and A. F. O'Connell, Jr. 1998.

Analysis of factors affecting

population viability and

reintroduction attempts of native

mammals in Acadia National Park.

Technical Report NPS/NESO/RNR/

NRTR/98-06. NPS D-191.

Higgins, J., A. F. O'Connell, Jr., and F.

A. Servello. 1998. Survey of flying

squirrels and their association with

vegetation communities on Mt.

Desert Island (Acadia National

Park), Maine. Technical Report

NPS/NESO/RNR/NRTR/98-08.

NPS D-194.

Matz, A., J. R. Gilbert, and A. F.

O'Connell, Jr. 1998. Acadia's bald

eagles: research summary and

management recommendations.

Natural Resources Report NPS/

NESO/RNR/NRTR/98-07. NPS D-

192.

The last report listed was

funded through the Natural

Resources Preservation Pro-

gram. Eight pages in length, it

is a compilation of ecotoxicol-

ogy and the effects of human

disturbance on nesting eagles.

Copies ofthe reports are avail-

able from the Boston Support

Office (carol_daye@nps.gov).

Yellowstone bears in print

StaffofYellowstone National

Park and their research col-

leagues have recently published

several professional articles ad-

dressing various bear ecology

and management issues in the

world's first national park:

Consolo Murphy, S., and B. Kaeding.

1998. Fishing Bridge: 25 years of

controversy regarding grizzly bear

management in Yellowstone

National Park. Ursus 10:385-393.

Gunther, K. A., and H. E. Hoekstra.

1998. Bear-inflicted human injuries

in Yellowstone National Park,

1970-1994. Ursus 10:377-384.

Murphy, K. M., G. S. Felzien, M. G.

Hornocker, and T. K. Ruth. 1998.

Encounter competition between

bears and cougars: some ecological

implications. Ursus 10:55-60.

PRIMENet report out

The First Annual Report

(1999) ofthe Park Research and

Intensive Monitoring ofEcosys-

tems Network (PRIMENet)

was published in June. The re-

port describes progress at the 14

designated PRIMENet parks

Continued on page 10
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Continuedfrom page 9

on establishing research and

monitoring of air pollution and

UV effects on park resources.

Copies of the report, now be-

ing reprinted, are available from

NPS PRIMENet coordinator

Kathy Tonnessen (kathy_

tonnessen@nps.gov).

org). The full citation ofthe pro-

ceedings is:

Pruden, T. L, and L. A. Brennan. 1998.

Fire in ecosystem management:

shifting the paradigm from

suppression to prescription. Tall

Timbers Fire Ecology Conference

Proceedings, No. 20. Tall Timbers

Research Station, Tallahassee,

Florida. 462 pp.

Visibility in the parks Thesaurus of keywords

The NPS Air Resource Divi-

sion and the Cooperative Insti-

tute for Research in the Atmo-

sphere (CIRA of Colorado

State University) have pub-

lished "Introduction to Visibil-

ity" (ISSN 0737-5352-40). Writ-

ten by William C. Malm of the

National Park Service, the

primer examines the nature of

visibility problems in the na-

tional parks, beginning with a

look at the physics of light, its

interaction with particles in the

atmosphere, and the nature of

vision through the atmosphere.

The resource is easy to under-

stand, printed in full color, and

available from the author

(malm@terra.cira.colostate.edu)

.

Prescribed fire volume
released

The Tall Timbers Research

Station of Tallahassee, Florida,

has published volume 20 in its

Tall Timbers Fire Ecology Con-

ference Proceedings series. En-

titled, "Fire in Ecosystem Man-

agement: Shifting the Paradigm

from Suppression to Prescrip-

tion," the collection ofnearly 80

papers recounts the successful

conference of the same name

(Park Science 16(4) :11, 30),

which was held in Boise, Idaho,

in May 1996. The proceedings

(ISSN 0082-1527) cost $40 and

are available from the Tall Tim-

bers website (www.talltimbers.

Marilyn Ostergren is the NPS
coordinator for the Inventory

and Monitoring Program's

Natural Resource Bibliography

Inventory (NRBIB). She has

developed a thesaurus of natu-

ral resource keywords in con-

junction with NRBIB database

development at parks. The the-

saurus may be useful to anyone

who wants to use standardized

terminology. Richard Aroksaar

is an Automation Specialist

with the Columbia-Cascades

Support Office and has assisted

Marilyn, who is also based at

the Seattle office, with convert-

ing the original text and Win-

dows help file versions to a set

ofHTML web pages for use on

the Internet. The NRBIB the-

saurus is available on the NPS
NatureNet website at www.
nature.nps.gov/nrbib/a.htm.

Calling all ecological

restorationists

The Society for Ecological

Restoration is compiling a com-

prehensive database ofecologi-

cal restoration expertise.

Known as the Ecological Res-

toration Directory, the inte-

grated database will be available

both online and in printed form

and will include listings of indi-

viduals, organizations, agencies,

and businesses in addition to

available training programs,

workshops, and educational

services. All entries will be cross-

referenced, making the database

easy to use, with the information

being updated periodically. The

directory is funded by the Plant

Conservation Alliance (formerly

the Native Plant Conservation

Initiative), which is also devel-

oping a directory ofnative plant

materials.

Those interested in filling out

the restoration expertise ques-

tionnaire can do so on-line at

www.nps.gov/plants/restore/

directory. Alternatively, surveys

and additional information are

available from Jane Cripps; e-

mail: jbcripps@eeb32.biosci.

arizona.edu; or 520-626-7201.

Questionnaires will be accepted

through January 2000.

"Ecoregions" by Bailey

Robert G. Bailey, the USDA
Forest Service senior geographer

and developer of a well-known

ecoregion classification system, has

published Ecoregions, a work that

builds upon his earlier book Eco-

system Geography, to characterize

the major ecoregions ofthe Earth.

Numerous photographs of repre-

sentative ecoregions and outstand-

ing color figures are complemented

by two color maps showing the

major ecoregions ofthe continents

and of the oceans. This book is a

significant contribution to the study

and classification of ecosystems.

Published by Springer-VerlagNew
York (www.springer-ny.com/ecol-

ogy/ecoregions), it is available in

both softcover (ISBN 0-387-

98311-2; $39.95) and hardcover

(ISBN 0-387-98305-8; $79.95), and

is 192 pages long.

Genetics & plant

restoration

Vegetation restoration and re-

introduction of species require

careful consideration ofgenetics

(Havens, K. 1998. The genetics

ofplant restoration: an overview

and a surprise. Restoration and

Management Notes 16:68-72).

Generalizations based on work

with a limited number of spe-

cies are extremely difficult to

make. Yet, generating complete

information for every species to

be restored is unrealistic. More-

over, time and financial con-

straints and the sheer magnitude

of restoration of plant diversity

invariably force practitioners to

act on educated guesses. Infor-

mation from an albeit limited

number of studies presented in

a symposium about plant popu-

lation genetics at the Chicago

Botanic Garden in October 1997

and several recently published

guidelines and case studies on

restoration ofrare plants provide

starting points for restorations

and reintroductions.

Reductions in population size

or plant density or fragmenta-

tion of populations can lead to

reductions in genetic variation

and accompanying loss of fit-

ness in most plant groups. Loss

of genetic variation may be

greater in species that once oc-

curred in large, highly outcross-

ing populations. To prevent

such genetic hazards in reintro-

duced plants, large, genetically

diverse populations should be

created. Equal number of seeds

or plants from each maternal

line in newly created popula-

tions can decrease inbreeding

and increase genetic variation.

Propagules must be collected

with this goal in mind. Seeds

must be collected from a ran-

domly stratified sample of

plants, so that they include

seeds from individuals of differ-

ent types (e.g., sizes) and from

different types in different loca-

tions. Seeds from each mater-

nal plant should be kept sepa-

rate to not only equalize

founder representation in rein-

troductions, but also, ifdesirable,
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to purge the genetic load in

some lines. Propagules should be

from the same ecoregion and, if

known, from the same evolu-

tionary line. Propagules with a

high site fidelity may be less

important in highly outcrossing

species. Hybridization between

populations may have been

common in the evolution of

many species and may have

rendered hardier individuals.

Whether one wishes to intro-

duce, reintroduce, or augment

populations is important in the

mixing of propagules. For ex-

ample, introductions should be

made in the historic range, and

propagules from a site, if avail-

able, are preferable for reintro-

ductions. However, species

conservation should prevail

over population integrity if the

choice is between preservation

and integrity of a species.

Social sciences & eco-

system management of

national forests

The USDA Forest Service

applies ecosystem management

to national forests. A research

social scientist of the bureau

(Allen, S. 1997. A social scientist's

view ofecosystem management.

Journal ofForestry 95(9) :48) ex-

plains that ecosystem manage-

ment ofthe forests exceeds res-

toration and maintenance of

ecosystem functions and provi-

sion of goods and services. It

expands social services. Ecosys-

tem management ofthe forests

requires increasing the under-

standing ofsocial and economic

systems and their links with bio-

physical systems, widening the

scales of inventories, exploring

alternative models ofcollabora-

tion and decision making, and

turning spaces into places. In-

ventories are made not only of

fauna and flora, but also of past

and present uses of natural re-

sources, ofeconomic and non-

economic values of such uses,

and of people's knowledge and

attitudes about national forests.

One such inventory was of the

social, economic, biological,

and physical conditions of the

144-million-acre Columbia Ba-

sin to provide managers with

information. In ecosystem man-

agement of national forests, in-

volvement with public land

stakeholders exceeds that re-

quired by the National Environ-

mental Policy Act and provides

a steady stream ofcommunica-

tion with the public for better

management of resources by

many entities. In its infancy is a

plan of having the public iden-

tify places and common visions

for public land management.

Humans and ecosys-

tem management

Oliver Houck, Professor of

Law, directs the Tulane Envi-

ronment Law Program and

works in natural resources,

coastal, wildlife, and water pol-

lution control law. He has

served as U.S. Attorney in

Washington, D.C., and as Gen-

eral Counsel to the National

Wildlife Federation. His essay

"Are humans part of ecosys-

tems" (Environmental Law
28:1-14) was derived from his

"Distinguished Visitor" lecture

at the Northwestern School of

Law of Lewis and Clark Col-

lege. It is a humorous presenta-

tion ofhis perspective ofecosys-

tem management. Obviously,

the author contends, humans

are part of ecosystems but not

their measure. Current govern-

ment planning is dangerous if

it intends to put humans back

into the definition of ecosys-

tems and predicates manage-

ment goals not on a natural sys-

tem but on human needs and

desire. The measuring of eco-

systems and manage

ment goals must be

done by species other

than humans. The
bottom line is to assess

the needs of nonhuman
species.

To make his point, the author

relates how his beloved dog got

into the Puppy Chow, which

was in a paper bag behind a

door that was inadvertently left

open. This dog could chew
through tougher material than

paper and just about ate herself

to death. After the dog and her

owners spent an anxious night

at the veterinarian, the manage-

ment of the dog food became

more rigorous and was certainly

not based on dog desire.

The analogy is that perfectly

nice and lovable human beings

are over their eyeballs into

Puppy Chow all the time: sub-

divisions in floodplains, shore-

line condominiums, and sundry

desirable activities that lay thick

blankets ofsmog over beautiful

vistas. Needed are flexible sys-

tems that keep humans out of

the chow. The best measures of

ecosystems are representative

species that indicate natural

conditions. The role ofhumans

is the management of ecosys-

tems and themselves toward

this goal.

Dam removal

The 1992 National Inventory

ofDams lists more than 75,000

large dams and about 2 million

smaller dams in the United

States. Dams generate power,

provide flood control and wa-

ter supply, facilitate community

development, and create oppor-

tunities for recreation. Dams
also profoundly change ecologi-

cal communities and degrade

river systems. They turn river-

ine communities into lacustrine

communities. Over time, im-

poundments create se-

vere water-quality

problems due to nutri-

ent enrichment and

increased productivity,

accumulation of contami-

nants, and sedimentation with

concomitant shallowing. Highly

eutrophic conditions can lead to

algal blooms and excessive

growth of aquatic vegetation.

These problems substantially raise

the cost ofmaintenance or reha-

bilitation. Furthermore, tens of

thousands ofsmall dams are old

and deteriorating; their repair

and removal are expensive. To

date, dams have typically been

removed for reasons of public

safety and prohibitive costs of

repair. However, an awareness

of the harmful effects of dams

on the environment and high

cost of repair is increasing, and

the restoration of river ecosys-

tems has gained attention.

An article published in the

journal Environmental Man-
agement (Socioeconomic and

institutional dimensions ofdam
removals: The Wisconsin expe-

rience. Environmental Manage-

ment 22(3) :359-370) reports that

more than 30 of 3,600 dams in

Wisconsin were removed in the

past few decades. It also docu-

ments the related legal, financial,

and socioeconomic issues asso-

ciated with the removals.

Community support for dam
removal and loss of impound-

ments is limited. Yet, the esti-

mated cost of repair has been

three times higher than the cost

of removal. Watershed-scale

ecology raises little local inter-

est. Nevertheless, contemporary

watershed management and

restoration more and more in-

clude the option of dam re-

moval. The socioeconomic fac-

tors and stakeholder perspectives

are variables that strongly influ-

ence the viability ofmanagement

alternatives and must therefore be

given more attention, p
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Book Review

Changing landscapes in the worlds first national park

Yellowstone and the Biology of Time:
Photographs Across a Century

By Mary Meagher and Douglas B. Houston

"I

A BOOK REVIEW BY DAVID L. PeIEHSON

wish I could have seen this place a

hundred years ago." Nearly all of

us have uttered that phrase at one

time or another, and thanks to a creative

photo-filled book, we can now take that

step back in time for Yellowstone National

Park (Wyoming, Montana, Idaho). Yellow-

stone and the Biology of Time is a landmark

volume in the retrospective analysis ofparks

and protected areas. This chronology of

landscape change trumpets the message

that ecosystems are dynamic over a wide

range of spatial and temporal scales.

Forest Service scientist George Gruell

pioneered the use of repeat photography

to document ecological change in his clas-

sic studies ofMontana and Wyoming land-

scapes published in the early 1980s.

Biogeographer Thomas Veblen also used

this technique in an interesting analysis of

the Colorado Front Range published in

1991. Biologists Mary Meagher and Dou-

glas Houston, both retired federal scientists

who spent most of their careers with the

National Park Service, follow in this tradi-

tion with a heroic effort of repeat photog-

raphy that provides good spatial coverage

of Yellowstone over 120 years.

As Meagher and Houston tell us in the

preface, the book had a gestation period of

25 years. They first compiled an impres-

sive collection of photos from the Yellow-

stone archives, most of which were taken

byW H.Jackson, J. P. Iddings, F.J. Haynes,

and J. E. Haynes during the late 1800s. Be-

tween 1971 and 1973, they relocated the

scenes in the old photos and compiled a

new set of photos. A number of logistical

difficulties kept them from completing the

project, then the fires of 1988 occurred, pro-

viding an opportunity to document the ef-

fects oflarge-scale distur

bance. So they took an-

other set ofphotographs.

We were fortunate that

the authors delayed the

publication long enough

to capture this critical

milestone in ecological

time!

The historical pho-

tos in Yellowstone and

the Biology ofTime are

striking in their beauty

and clarity. The cum-

bersome technology

ofa century ago must

have posed consid-

erable challenge for

photographers work-

ing in the outdoors,

particularly in the

backcountry. It is therefore not sur-

prising that many of the photos are adja-

cent to roads. But that also affords us the

opportunity to see the effects ofhuman ac-

tivities, both historical and contemporary.

It is heartening to see the restoration of

many sites that were previously heavily

grazed by cattle, cut for hay, and used for

Army encampments. Conversely we can

also see the degradation of modern-day

sites by buildings and parking lots.

Brief, descriptive text interprets each

photo set with ecological and historical

context; on-ground examination of each

site by the authors provides helpful infor-

mation on plant species and other charac-

teristics not apparent to the casual observer.

The photos point out dramatic changes in

many geothermal features. They also indi-

cate that many of the aquatic systems are

surprisingly dynamic in terms of extent,

water level, and associated

vegetation. Beavers, whose near-elimination

has altered the aquatic ecology of Yellow-

stone, apparently act as a keystone species

and may deserve more study with regard to

effects that cascade to other species.

The photos also demonstrate that the

magnitude ofchanges in vegetation are ex-

traordinarily site-specific in Yellowstone.

Change appears to be relatively fast at many

low-elevation sites, but considerably slower

at higher elevations (in the absence of fire).

Variation in the distribution and abundance

ofbig sagebrush over time is a striking fea-

ture in many photos. Reduced cover of

quaking aspen and willows, which is cited

by some as evidence of "overgrazing" by

native ungulates, is apparent in many pho-

tos. However, there are also photos that

indicate an increase in these species at some
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locations in the park. The post-fire //

photos show a mosaic of effects ^
to forest overstory and shrub-

steppe species (see the three pho

tos, below).

Photos give way to summaries of the

physical and biological framework of

T

he three photographs of the Tower Junction area,

ooking east across the Yellowstone River to Junction

\utte, document changes in quaking aspen (foreground)

rom a low, dense stand that was present in 1900 (top

)hoto), to a mature stand in 1972 (middle photo). Men
wo years after the 1988 fires, the bottom photo reveals

hat the large aspen stems were killed by fire. In the

background, Douglas-fir and probably big sagebrush

ncreased over the same time period, while aspen

declined. Jhe authors conclude that "reduction in fire

requency undoubtedly had a role in vegetative change.

"

Yellowstone, including geology,

climate, soil, and vegetation, as

well as discussion of the inter-

action ofclimate, fire, grazing, and

human activities on the dynamics of

present-day ecosystems. These sections

are rather brief, but they cover the basics.

Some readers will be disap-

pointed that the authors do

not include detailed discus-

sion ofthe seemingly endless

debates about management

of the charismatic mega-

fauna of Yellowstone. In-

deed, Meagher and

Houston were embroiled in

these debates for many
years. To their credit, the

authors discuss wildlife

management and alterna-

tive viewpoints even-

handedly from a scientific

perspective. Proponents

on any side ofcurrent is-

sues related to elk and

bison management will

not find much fodder

for advocacy positions

here.

The book has few

shortcomings. It

would have been nice

Book Review

disappointed that the book simply summa-

rizes resource management issues and sci-

entific controversies, rather than shedding

much new light on them. The most fre-

quent users of the book will likely be

Yellowstone aficionados-those who work

in the park, visit it frequently, or otherwise

have a strong con-

Yellomstone and the

Biology of Time....

1998 University of

Oklahoma Press

maim.ou.edu/oupress

304 pages

287 black-and-mhite

photos,

13 maps, 5 figures, 3

tables, appendixes,

notes, bibliography,

index

Clothbound

ISBN 0-8061-1996-4

$80.00

Paperbound

ISBN 0-8061)006-7

$32.9$

to see greater consid-

eration ofecosystem

dynamics outside the

boundary ofYellow-

stone National

Park, particularly

given the long-

standing existence

of interagency assessments and manage-

ment activities within the greater Yellow-

stone region. Appendix 2 summarizes tem-

poral changes by vegetation type as seen

in photos, but it is not particularly useful

due to the high variability between sites. I

was also hoping for some better maps,

given the ready availability of GIS cover-

ages for Yellowstone.

Yellowstone and the Biology of Time is in-

tended for a general audience. It provides a

solid background on basic ecology, natural

history, and landscape dynamics for the lay-

person, and includes sufficient information

to hold the interest ofthose with some tech-

nical training in biology. Scientists may be

nection to the

park's resources.

Fortunately the

moderately priced

paperbound version

will make the book

accessible to many
readers.

I hope that some

enterprising indi-

vidual will now de-

velop a Web-based
archive to provide

broader access to this

important collection of

photos. By having digi-

tal images catalogued by

topic and geographic lo-

cation, future photogra-

phers-or landscape

detectives, as Meagher

and Houston call them-

will be able to locate par-

ticular scenes and add new

photos to the archive. All

parks and protected areas

should consider developing

this type of electronic

archive, which would be a

dynamic information source

for scientists, resource man-

agers, and the public.

Ifyou are planning a trip to Yellowstone,

buy a copy of Yellowstone and the Biology! of

Time. Read it before you go, then take it

with you and note the photo points along

the roads and trails. As a modern-day time

traveler, you will be able to more fully ex-

perience the dynamic Yellowstone land-

scape, p

David L. Peterson is Professor ofForestry

and Field Station Leader with the USGS
Forest and Rangeland Ecosystem Science

Center, Cascadia Field Station; Box 352100;

Seattle, WA 98195. His e-mail address is

wild®u.Washington,edu.
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Staffing CESUs in the
Intermountain Region

Taking the first steps to success

In
an effort to bring this country's

brightest talents to bear upon increas-

ingly complex land management is-

sues, the National Park Service has joined

with other governmental organizations to

craft partnerships with academic and other

nongovernmental science institutions that

can provide land managers with access to

research, technical assistance, and educa-

tion. Known as cooperative ecosystem stud-

ies units (CESUs), these partnerships will

provide support in biological, physical, so-

cial, and cultural sciences. (Establishment

of the CESU network, a list of partners,

and a summary of how they function are

described on the Web at www.cesu.org/

cesu and in the Natural Resource Year in

Review-1998 [pages 27-28]).

In June 1999 the first four cooperative

ecosystem studies units became opera-

tional: Colorado Plateau, Rocky Mountains,

Southern Appalachian Mountains, and

North Atlantic Coast (figure 1). Two of

these units are within the NPS Intermoun-

tain Region and coincide with our Rocky

Mountains and Colorado Plateau Clusters.

The Intermountain Region is excited to

participate in this new national network of

CESUs. With the endorsement ofsuperin-

tendents of the cluster parks, the Inter-

mountain Support Office created two po-

sitions to serve as full-time NPS research

coordinators to be duty stationed at the host

universities: Northern Arizona University for

the Colorado Plateau Cluster, and the Uni-

versity ofMontana for the Rocky Mountains

Cluster. Combined, these two units repre-

sent partnerships between five governmen-

tal and 14 different partner institutions.

The Intermountain Region is proud to

announce the recent selection of Dr. Ron

Hiebert (Colorado Plateau) and Dr. Kathy

Tonnessen (Rocky Mountains) as our

CESU research coordinators (see figure 1

inset photographs). Both will report to their

new positions in early December 1999.

Many Park Science readers already know
Ron and Kathy from their current NPS
positions.

Ron served for 1 1 years as Chief Scien-

tist and more recently as Associate Regional

Director for Natural Resources for the Mid-

west Region. No stranger to parks, Ron

spent six years as a plant ecologist and Chief

ofthe Division ofScience at Indiana Dunes

National Lakeshore, Indiana. Ron is equally

at home on campuses, having held posi-

tions as assistant professor, visiting fellow,

and current adjunct professor at the Uni-

versity of Nebraska and Kansas State Uni-

versity. He also brings years of experience

Figure I (map). The CESU network presently includes

four biogeogrophic regions; the website

www.cesu.org/cesu describes plans for five

additional regions. Kathy Jonnessen (inset, top) is

the new NPS research coordinator for the Rocky

Mountains CESU and Hon Hiebert (inset, below) fills

that role for the Colorado Plateau CESU. These

positions are the first to be filled by the National

Park Service in support of the new network.

working with American Indian education

as Chair of the Natural Resource Advisory

Board for Haskell Indian Nations Univer-

sity.

Kathy has been Ecologist and Director

of Biological Effects in the NPS Air Re-

sources Division since 1991. Before com-

ing to work for the National Park Service,

she spent seven years administering air

pollution research for the State of Califor-

nia. While there, Kathy designed and

implemented field research of natural wa-

ter geochemistry in Yosemite and Sequoia-

Kings Canyon National Parks. Kathy is

equally familiar with the university setting,

having held affiliated faculty positions with

the University of Colorado and Colorado

State University.

The focus ofthe Intermountain Region's

involvement in the CESUs will be service

to parks and partners. In keeping with this

commitment, park managers from each

cluster and faculty from each host univer-

sity participated in the selection processes.

Additionally, park managers will participate

in development of annual work plan pri-

orities in addition to annual evaluations of

the Intermountain Region's CESU research

coordinators' accomplishments.

Committees craft cooperatives, which

can look great on paper. However, in the

end, the talents of individuals assigned to

carry out the mission make the difference

between success and failure. The Inter-

mountain Region now has commitments

from talented managers to support and help

ensure the success of these CESUs. With

the addition ofRon and Kathy, we are op-

timistic that these partnerships will flour-

ish. With their help, our parks can expect

significant improvement in access to re-

search, technical assistance, and educational

opportunities, p

Bob Moon is the Intermountain Region

Support Office Chieffor Natural Resources,

Research, and Technology. He can be reached

at 303-969-2856; bob_moon@nps.gov.
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Elm yellows
By James LShekald,Ph.D.

After successfully withstanding

Dutch elm disease for over 50

years, the majestic elms ofWash-

ington, D.C., are now facing a new threat.

Elm yellows, another systemic and lethal

disease, is occurring 50 miles west of the

nation's capital. The disease was first de-

tected in eastern West Virginia in 1995, and

is now occurring in epidemic proportions

along a 75-mile front from Chambersburg,

Pennsylvania, to Winchester, Virginia. In

addition to the 2,700 elms managed by the

National Park Service on the National Mall

and throughout the monumental core, the

epidemic threatens 9,000 city-street elms,

and many other elms on private property.

Hundreds of riparian elms along Rock

Creek and the Potomac and Anacostia Riv-

ers are also in jeopardy.

Cause of disease

Yellows was first reported in Ohio in

1918, but may have occurred as early as

1880 in Kentucky, Indiana, and Illinois,

where elms with yellows-like symptoms

were reported. Elm yellows, formerly

known as elm phloem necrosis, was be-

lieved to be caused by a virus. We now
know that it is caused by a phytoplasma.

Phytoplasmas are unicellular obligate para-

sites that, lacking a rigid cell wall, occur in

a variety ofshapes from spheres to branch-

ing filaments. These organisms have not

been cultured and are not well understood,

yet they are responsible for a number of

serious plant diseases including ash yellows,

aster yellows, lethal yellowing of palms,

pear decline, and X-disease of peach.

The elm yellows phytoplasma is trans-

mitted by the white-banded elm leaf hop-

per, Scaphoideus luteohis, but many other leaf

hoppers are probably also capable oftrans-

mission. The pathogen occupies the phloem

sieve cells-tissue responsible for transloca-

tion ofphotosynthates and hormones-caus-

ing abnormal tissue proliferation and death

of the current-season phloem.

Symptoms
Infected trees are noticeable by the ap-

pearance of bright yellow, drooping leaves

(figure 1) in mid to late summer. Symptoms
usually affect the entire tree, but sometimes

only a portion may show symptoms ini-

tially. By the time leafsymptoms are obvi-

ous, the fine feeder roots have been

destroyed and the tree will die very soon

or early the next year. The most obvious

diagnostic symptom is the scent of oil of

wintergreen (methyl salicylate) that ema-

nates from the inner bark, which has but-

terscotch to dark brown discoloration.

Five of our six native elms are suscep-

tible to elm yellows: American or white elm

(Ulmns americana); cedar elm (U. crassi-

folia); red or slippery elm (U. rubra); Sep-

tember elm (U. serotina); and winged elm

(U. alata). The susceptibility of the sixth

native elm, the rock elm (U. thomasii), is

unknown. European and Asiatic elms are

only mildly susceptible. They exhibit some

leaf discoloration and "witches'-brooms,"

a common, abnormal growth of small

branches caused by other phytoplasmas.

The resistance of European and Asiatic

elms suggests that the elm yellows phyto-

plasma, like the Dutch elm disease fungus,

is nonnative and probably an introduction

from Europe or the Orient.

On the move?
Elm yellows has the habit of quickly

reaching epidemic proportions and then

subsiding after most of the elms are gone.

Until the 1970s, elm yellows was principally

found in the Midwest. However, in the

1970s the disease began to appear in the

East with outbreaks in New Jersey, New
York, and Pennsylvania. Elm yellows has

had a devastating effect in communities

where Dutch elm disease has been under

control. In central New York State, cities

such as Syracuse have lost most of their

elms. Recently the disease has resurfaced

in the Midwest affecting elms in the Chi-

cago suburbs. The current outbreak west

of Washington, D.C., is the closest the dis-

ease has ever been to the nation's capital.

In 1998, the USDA Forest Service North-

eastern Area State and Private Forestry

Division conducted an elm yellows survey

along the Potomac River following the tow-

path of the C & O Canal National Histori-

cal Park from western Maryland into

Washington. Elms are prolific along the

Potomac floodplain and may provide an

avenue for the disease into Washington.

Figure I. Bright yellow, drooping leaves and the

development of butterscotch-brown inner bark,

which has the aroma of oil of wintergreen, are

symptoms of elm yellows, a serious disease that

affects elms in the midwestern and eastern

United States.

Fortunately, no infected trees were seen

beyond the general area of infestation 50

miles away. The survey was repeated again

in 1999 and no additional infested trees

were located. The NPS National Capital

Region participates with the Forest Service

and the District of Columbia's Tree and

Landscape Division in annual Dutch elm

disease surveys throughout the city. The

disease survey now includes close exami-

nation for elm yellows symptoms.

Prognosis

Sanitation, the rapid detection and re-

moval of affected trees, is the only man-

agement approach available. Unfortunately,

sanitation is not as effective as a manage-

ment tactic for yellows as it is for Dutch

elm disease. Trunk injections with tetracy-

cline can sometimes bring a temporary re-

mission of symptoms, but will not cure

infected trees. Plant pathologists continue

their search for elms resistant to Dutch elm

disease; we are all hopeful that some of

those that now show promise will also be

resistant to elm yellows. Although the elms

account for only 16% of the tree popula-

tion in the monumental core, their contri-

bution to the landscape is unsurpassed by

any other species. Undoubtedly, an elm yel-

lows epidemic would drastically alter the

character of the monumental core and

much of the landscape of our nation's

capital, p

James L. Sherald is the Natural Resource

Officer with the NPS National Capital

Region;jim_sherald@nps.gov.

Volume 19-No. 2 15



Figure 1 (left). An 11-year-old from the Kemp's Ridley

Sea Turtle Project returns to the Gulf of Mexico

after laying eggs at Padre Island Notional Seashore

in 1998. Note the living tag on the shell (arrow), on

the right side behind the head.

figure 2 (right, top). National Park Service and U.S.

Geological Survey staff release Kemp's ridley sea

turtle hatchlings at Padre Island National Seashore.

The public and media ore encouraged to attend

these releases.

Figure 3 (right, bottom). Kemp's ridley sea turtle

hatchlings released on the beach at Padre Island

National Seashore.

Kemp's ridley sea turtles return to

Padre IslandNational Seashore

By Donna J. Shaver and John F. Milier

Projects to restore endangered

species typically require years of

patience and persistence. After

two decades ofeffort, the project

to establish a nesting colony ofKemp's rid-

ley sea turtles (Lepidochelys kempii) at Pa-

dre Island National Seashore (Texas) is

showing signs of success. In 1999, 17 con-

firmed Kemp's ridley nests were located in

the United States, including 1 1 at Padre Is-

land National Seashore. Sixteen of the 17

nests were located in south Texas, consti-

tuting the most Kemp's ridley nests docu-

mented on the Texas coast in a single year

and an increase in the number of Kemp's

ridley nests detected on the Texas coast for

the fifth consecutive year (Shaver and

Caillouet 1998).

Background
Kemp's ridley is the most critically en-

dangered sea turtle in the world, with only

about 3,000-5,000 (TEWG 1998) adults

remaining in the population. Most Kemp's

ridley sea turtles nest near the village of

Rancho Nuevo, Tamaulipas, Mexico. In

1978, it was feared that Kemp's ridley would

go extinct within a few years unless imme-

diate steps were taken. An experimental,

binational project involving the National

Park. Service (NPS), National Marine Fish-

eries Service (NMFS), U.S. Fish and Wild-

life Service (USFWS), Texas Parks and

Wildlife Department, and Mexico's Insti-

tuto Nacional de la Pesca was undertaken

to establish a secondary nesting colony of

Kemp's ridley sea turtles at Padre Island

National Seashore where nesting had pre-

viously been documented (Fletcher 1982;

Shaver 1987, 1990, 1992). Scientists and

resource managers from a variety of pri-

vate, state, and federal agencies in the

United States and Mexico recognized that

establishing a secondary nesting colony

would provide a safeguard for the species-

ifan environmental or political catastrophe

were to occur at the primary nesting area

in Mexico, an area in the United States

would be protected where Kemp's ridleys

could nest (Shaver 1990; USFWS and

NMFS 1992).

From 1978 through 1988, approximately

2,000 Kemp's ridley eggs were collected

each year (totaling 22,507) at Rancho

Nuevo and incubated at Padre Island Na-

tional Seashore. Hatchlings were experi-

mentally imprinted on the beach at the

national seashore and then reared in cap-

tivity for their first 9-11 months of life

(head-started) at the NMFS laboratory in

Galveston, Texas. Overall, 13,211 Kemp's

ridley turtles from this project were tagged

and released into the Gulf of Mexico and

adjacent bays as yearlings, in hopes that

they would return someday to south Texas

to nest. Additionally, 1,097 untagged

hatchlings and 300 tagged 2-16 year-old

turtles from this project were released.

The first confirmed record ofKemp's rid-

ley nesting in the United States was of an

individual that laid eggs at Padre Island

National Seashore in 1948, 15 years before

it became a national seashore and 30 years

before our project to establish a nesting

colony began. From 1948-99, 61 Kemp's

ridley nests were documented on the Texas

coast (Shaver and Caillouet 1998). Addi-

tional nests could not be fully documented,

while others certainly went unnoticed or

unreported both before and after 1948. All

61 confirmed nests were found in south

Texas, including 39 at the national seashore.

In fact, during the last 50 years, more con-

firmed Kemp's ridley nests have been lo-

cated at Padre Island National Seashore

than anywhere else in the United States

(Shaver and Caillouet 1998). Only eight

Kemp's ridley nests have been found at

other U.S. locations outside ofTexas. Forty-

eight of the 61 confirmed Kemp's ridley

nests found in Texas were located from

1995-99. These 61 records resulted from

turtles and tracks located by the public and,

after 1994, by national seashore turtle pa-

trollers. Although personnel from the sea-

shore have been conducting patrols for

nesting sea turtles since 1986, these patrols

were not very comprehensive until the last

two to five years. Thus, the recent increase

in detected nesting may reflect increased

nesting, improved detection efforts by na-

tional seashore turtle patrollers, increased

awareness and reporting by the public, or

a combination of all of these factors.
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Program payoff

In 1996, the first two confirmed return-

ees from the project nested at Padre Island

National Seashore. Through 1999, nine re-

turnees were found nesting in south Texas

(Shaver 1996a, 1996b, 1997; Shaver and

Caillouet 1998). The returnees were iden-

tified by living tags, which were used to

mark some individuals of the 1982 year-

class (year hatched) and all individuals of

the 1983-1988 year-classes. Living tags (fig-

ure 1) are tissue transplants ofa small piece

of light-colored plastron (bottom shell)

implanted into the darker carapace (top

shell). At 10-15 years of age, these turtles

found their way back to south Texas, mated,

nested at or in proximity to the beach

where they were imprinted as hatchlings,

and produced clutches containing viable

offspring. These returns represented the first

confirmed records ofsea turtles experimen-

tally imprinted on an area that returned to

that area to nest; they are also the first con-

firmed records of head-started sea turtles

nesting outside of captivity (Shaver 1996a,

1996b, 1997).

Before 1985, no turtles from the experi-

mental imprinting and head-starting project

that resided outside ofcaptivity would have

been mature and able to nest. Thirteen of

the 52 confirmed Kemp's ridley nests found

on the Texas coast from 1985-99 were con-

clusively linked to the project. Although we
can not prove it, some ofthe other 39 nests

found from 1985-99 may have originated

from the project. This is possible because:

(1) Kemp's ridleys from the earliest year-

classes were released without living tags and

would not have been identifiable as being

from the project after just a few years of

age, due to shedding of the metal identifi-

cation tags placed on their

flippers; (2) some nesting J\t \Q-
Kemp's ridleys were observed

by beach visitors but were not SOUf/1

examined for tags by trained

biologists; and (3) some

Kemp's ridley nesting observations were

detected only from tracks left in the sand

by the nesting females, whereas the spe-

cies was confirmed by examination of the

hatchlings.

The species' future

Although the Kemp's ridley population

is now showing very promising signs of

recovery on Mexican nesting beaches, the

numbers are still far below former levels

and levels at which the species could be

down-listed or delisted (USFWS and

NMFS 1992; TEWG 1998). Protection at

the nesting beaches and in the marine en-

vironment must be continued to ensure that

recovery continues. The Kemp's ridleys

currently nesting in south Texas are prob-

ably a mixture ofboth returnees and turtles

from the wild stock, with some individuals

nesting both in Mexico and south Texas.

As the Kemp's ridley population continues

to increase and more turtles from the ex-

perimental project mature, we expect that

nesting in south Texas will increase if the

turtles survive after they arrive in the area.

Unfortunately, more adult Kemp's ridleys

are found washed ashore (stranded) in

Texas than in any other U.S. state (Shaver

1999), even though they forage in, and

migrate through, near-shore

waters of several other U.S.

states. From 1995-99, when

increased Kemp's ridley nest-

ing was detected on the Texas

coast, 88 adult Kemp's ridleys

were found stranded on Gulf

of Mexico beaches in south

Texas; roughly half of these

were located within the na-

tional seashore. All were

found dead or dying; most were likely the

victims of accidental capture during fish-

ing activities. Much of this mortality oc-

curred during the Kemp's ridley mating and

nesting seasons, and the deaths of adults of

the species in south Texas waters likely re-

duced nesting in this region these years

(Shaver 1999).

The National Park Service and the U.S.

Geological Survey (USGS) do not have

jurisdiction over the waters in which the

mortality is occurring but are coordinating

with other entities to try to reduce these

deaths. For example, during 1997 and 1999

we satellite-tracked the movements of 12

adult females that nested in south Texas to

delineate areas in which they would be

vulnerable to various threats in the marine

environment and to help locate subsequent

nesting sites.

Because only about one in 200 Kemp's

ridley hatchlings survives to adulthood

(TEWG 1998) and mortality of adults in

south Texas is now relatively high, we must

maximize survivorship ofeggs laid in south

Texas to help ensure the continuation of

nesting here. Since beach visitors detect

many of the Kemp's ridleys that nest in

south Texas, we actively attempt to edu-

cate the public about our program through

media interviews, educational programs,

posters, brochures, and roving beach con-

tacts. One of the most effective means is a

semimonthly newspaper column that we
write to provide information to locals about

various aspects of the turtle program, such

as hatchling release dates and other up-

dates. Also, each summer NPS and USGS
staff and volunteers search the 80-mile

length ofNorth Padre Island (including the

68-mile length of Padre Island National

Seashore) via all-terrain vehicles to look for

and protect nesting Kemp's

ridley sea turtles and their

eggs. Virtually all Kemp's rid-

ley eggs detected on the

south Texas coast are col-

lected and incubated in a

hatchery at the national sea-

shore, and most emerging

hatchlings are also released at

the seashore (Shaver 1990,

1997 [figures 2 and 3]). Hun-

dreds of visitors and numerous media per-

sonnel visit the park to view our hatchling

releases each year.

We hope that increasing numbers ofcriti-

cally endangered Kemp's ridley sea turtles

will nest at Padre Island National Seashore

in the future, helping to ensure the survival

of the species. If this occurs, more people

will enjoy the opportunity to safely view

these rare turtles. Additionally, the project

to establish a nesting colony ofKemp's rid-

ley sea turtles at Padre Island National Sea-

15 gears of age, these turtlesfound their mag back to

Texas, mated, nested.., and produced... viable offspring

"Ridleys" cont'd in right column on page 39
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f/'gore / (left). Wildlife observation was one factor that shaped visitor attitudes

positively regarding the Denali Visitor Transportation System (VIS).

Figure 2 (map). One of five transportation options at Denali National Pork and

Preserve (Alaska), the VTS operates on an 89-mile gravel road and includes

trips from the main park visitor center to Toklat River, Eielson Visitor Center,

I and Wonder lake.

An assessment of visitor satisfaction with public

transportation services at Denali National Park & Preserve

By Craig A. Milieu and R. Gerald Wrighj

National park system areas are in-

creasingly confronted with

problems associated with pri-

vate vehicle use, and managers

at many areas are actively seeking solutions

to mitigate the impacts caused by vehicle

use including congestion, parking, and po-

tential resource degradation. Denali Na-

tional Park and Preserve offers a unique

example ofa management solution directed

at resolving traffic congestion, while at the

same time maintaining a quality visitor ex-

perience and protecting the natural re-

sources ofthe park. However, although this

system has been in place for 25 years, the

park administration has had, until the

present study, little definitive knowledge

regarding visitor attitudes toward and sat-

isfaction with the transportation system. A
brief questionnaire survey of visitor opin-

ions toward park transportation policy con-

ducted in 1972 by Harrison (1975) and a

similar follow-up personal interview survey

conducted by Singer and Beattie (1986)

have provided the only insights into visitor

attitudes toward the extensive transporta-

tion system.

Before 1971, park roads experienced lim-

ited private vehicle traffic, as visitors want-

ing to visit the park in their own vehicles

had to travel the difficult, dirt "Denali High-

way" connecting Cantwell with the Alaska

Highway or ship their vehicles by rail from

Anchorage. In late 1971 the George Parks

Highway, linking Fairbanks to Anchorage,

was completed, providing a direct paved

route to the park. Anticipating a substan-

tial increase in vehicle traffic, the park took

a proactive approach by closing the park

road the following summer to private ve-

hicles past milepost 14. Beyond that point,

only those visitors holding campground

permits or those traveling to the private

inholdings in the Kantishna region were

permitted access in private vehicles. A
transportation system was developed to

replace the use of private vehicles in the

park (figure 1).

At the time of its inception, the trans-

portation system in the park was unique

among the national parks in the United

States and remains so today, as visitor ac-

cess to the park's interior is controlled. This

service, presently known as the Visitor

Transportation Service (VTS), is now one

of five transportation options available at

the park. Two other transportation options

are principally booked through private tour

companies, while a fourth system is a

camper bus that transports backcountry

permit holders into and out ofthe park. The

fifth transportation type is a private service

that takes visitors to private lodges in the

Kantishna region.

The VTS system includes trips to three

locations within the park (figure 2). The first

of these destinations is the Toklat River, a

distance of53 miles and duration of6 hours.

The second is the Eielson Visitor Center

66 miles into the park an 8-hour round trip.

Wonder Lake is the third destination, re-

quiring an 86 mile and 11-hour round trip.

Tickets are available at the visitor center or

through advanced reservations.

Study Design

We examined visitor satisfaction with the

three VTS trips as part of a larger study of

all the transportation options within the

park. A survey examining visitor attitudes

toward the transportation service was con-

ducted in the park during the summer of

1996. Researchers boarded VTS buses be-

fore departure from the visitor center, ex-

plained the need for the study, and asked

visitors to complete the 8-page survey on

their return trip. Visitors were asked to rate:

the quality of the bus as a means of view-

ing the park, their satisfaction with the wild-

life viewing experience, and perceptions of

crowding on the park road. In addition to

these questions, visitors were also asked if

they had visited Denali or other national

park sites before their current trip. The

questionnaire also asked for demographic

information such as age and gender.

Results

Visitor response to the survey was very

favorable. Of the 1,385 visitors using the

VTS buses who were asked to participate

in the survey, 860 returned usable question-

naires for a response rate of69%. Spot sur-

veys undertaken by researchers riding the

buses at various times indicated that most

ofthe passengers consisted offamily groups

and that the overall response rate was in-

fluenced by the fact that often only one

member of a family group returned the

questionnaire. Based on this observation,

we are reasonably certain that there was

probably a minimal non-response bias.

Returns from the survey indicate the mean

18 Park Science



age ofVTS passengers was 46, 137 (16%)

had visited the park in the past, and 109

(80%) of the visitors who had previously

visited the park had used the VTS buses.

Visitors were asked to rate the quality of

the bus seating, the bus as a platform for

viewing wildlife, the driver's knowledge of

the park, and the courtesy of the driver.

These results, presented in table 1, show

visitors to be satisfied with these aspects of

their trip, as the majority of visitors rated

each ofthese items as "good" or "excellent."

In order to assess what factors contrib-

uted to visitor satisfaction with the trans-

portation service, the questionnaire asked

each passenger to select from lists those

items that either contributed to-or de-

tracted from-their satisfaction with their

park experience. Visitors responded that the

freedom to view the park instead of focus-

ing on driving, driver courtesy, and wild-

life observations were each positive factors

in providing a satisfactory experience. The

responses to those factors that contributed

to satisfaction and detracted from visitor

satisfaction are presented in table 2.

To examine the effectiveness ofthe trans-

portation service, the questionnaire asked

visitors to respond to the three statements

shown in table 3: "The transportation ser-

vice buses enhanced my visit to Denali

National Park;" "seeing buses or other ve-

hicles detracted from my enjoyment ofthe

park;" and "buses and other vehicle traffic

interfered with my enjoyment of wildlife."

The responses to these statements indicate

the majority ofvisitors using the VTS buses

see the buses as an enhancement to their

park experience and do not feel the buses

interfered with their reason for visiting the

park, which was primarily to view wildlife.

Conclusion

The findings ofthis study indicate that visi-

tors to Denali National Park and Preserve who
use the VTS buses are very satisfied with the

service. Visitors gave high ratings for the bus

as a platform for viewing wildlife, and bus

driver courtesy and knowledge of the park

In addition, visitors did not express negative

attitudes toward other vehicles encountered

in the park. One point of special interest is

the ratings given to comfort ofthe buses. Visi-

tors spend from 6-11 hours on the buses trav-

eling over a gravel road. A negative experience

in terms of uncomfortable bus seats could

serve to undermine any other efforts to pro-

vide the visitor with a quality experience. Visi-

tor satisfaction remains high, despite the

Table 1.

Visitor ratings off quality for VTS buses

Fair Good
# responses (%)

Comfort of bus seating (n=855) 13 (2%)

Bus as a ploce for viewing wildlife (n = 838) 31 (4%)

Driver's knowledge of the pork (n = 837) 1 (<1%)

Courtesy of driver (n = 839) 2 (<1%)

Overall quality of transportation service (n = 855) 11 (1%)

234 (27%)

208 (25%)

21 (3%)

6 (<1%)

85 (10%)

523 (61%)

431 (51%)

259 (31%0

141 (17)

568 (66%)

Excellent

85 (10%)

168 (20%)

556 (66%)

690 (82%)

191 (22%)

Table 2.
Visitor attitudes toward the transportation system

Fattors that contributed to visitor satisfaction

Freedom to view park instead of focusing on driving

Courtesy of transportation service driver

life observations

Fattors that detratted from visitor satisfaction

Uncomfortable ride

Traffic on the road

623 (72%)

630 (73%)

749 (87%)

67 (8%)

76 (9%)

110 (28%)

230 (27%)

110 (13%)

795 (92%)

784 (91%)

Table 3.
Visitor attitudes toward the VTS buses

Statement Strongly Agree

Agree

"The transportation service buses enhanced my visit to Denali National Park"

190 (23%) 466 (56%) 120 (14%)

"Seeing buses or other vehicles detracted from my enjoyment of the park"

11 (1%) )%) 120 (14%)

"Buses and other vehicle traffic interfered with my enjoyment of wildlife"

15 (2%) 68 (8%) 114 (14%)

Disagree Strongly

Disagree

41 (5%) 15 (2%)

441 (53%) 176 (21%)

440 (53%) 186 (22%)

length of the tours. Overall, visitors gave the

transportation service high approval ratings,

with 88% of the visitors rating the service

good to excellent.

Denali National Park and Preserve offers

an exciting wilderness experience for visi-

tors, and the visitors contacted through our

survey indicate that this experience is en-

hanced by the transportation service. Re-

sponses also suggest that this quality

experience is to a large extent dependent

on the courtesy and knowledge of the bus

driver. This is an important consideration,

as the visitors spend more time with the

driver than any other park personnel. The

transportation system in Denali not only

allows visitors to experience the wild beauty

ofthe park and its wildlife, but also affords

a high degree of resource protection and

visitor safety, p
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"Pecan " continuedfrom cover

and intervention when pest damage
thresholds are reached and crop damage

is imminent. This limited intervention

protects the crop, while minimizing side

effects.

IPM and the LBJ pecans
The national historical park represents

a special environment for the develop-

ment and implementation of pecan IPM.

This is because the motives underlying

conservation of this orchard differ from

those of most other pecan operations

where profit would represent the bottom

line. At the outset, the standard pecan

IPM program practiced by producers in

the region was presented and discussed

with park personnel to determine what

could be adopted and what needed to be

modified for use. As expected, the major

modifications centered on pesticides,

with minimizing impact on nontarget

organisms emphasized to a greater extent

than efficacy or maximizing profitability.

The pesticides currently approved for use

in the pecan orchard at LBJ National

Historical Park are glyphosate for weed

management, benomyl and propicona-

zole for pathogen management, and dor-

mant oil, Bacillus thuringensis endotoxins,

and carbaryl for insect management.

These pesticides are strategically used

to conserve the annual production of pe-

can nuts in the orchard. The need for

these pesticides is best understood by

comparing and contrasting the wild pe-

can with the orchard pecan. The wild

weeds will readily colonize the orchard

floor and outcompete the trees for water

and nutrients. Thus, fertilizer is added

(nitrogen, phosphorus, potassium, and

zinc, as needed) to increase tree vigor and

ensure sufficient food reserves are avail-

able to produce the current year's crop

and establish a crop for the following

year.

Natural enemies
Wild pecans survive pathogens through

many mechanisms of which one of the

most important is genetic diversity. Ev-

ery wild pecan tree is genetically distinct

from its neighbors. Pecan scab, a fungus

and the worst disease of the orchard pe-

can, may become genetically entrained to

attack specific genetic constructs. Addi-

tionally, vegetative propagation of or-

chard trees provides genetic uniformity

that results in potential for disease epi-

demics. Disease development requires a

susceptible host, a virulent pathogen, and

a favorable environment. The relatively

dry environment at the park limits the

favorable environment for pecan scab to

brief periods following rains when rapid

leaf growth is occurring in the spring or

nut growth is occurring shortly thereaf-

ter. Fungicide is needed under such con-

ditions to prevent pecan scab epidemics.

Wild pecans survive insect depreda-

tions through many mechanisms, too.

Foliage and root feeders are generally lim-

ited by natural enemies, the environment,

and the intrinsic ability of the pecan to

resist or recover from attack. Indeed,

damage from insects is rare. However,

An integrated pest management plan has been developed at the

park to allom the orchard to be agriculturally productive

pecan grows in mixed-species riverine

habitats with tree canopies often touch-

ing. Weed control is provided by dense

shade, but the close spacing limits avail-

able sunlight above and nutrients avail-

able to the roots below. Wild pecan trees

produce nuts synchronously at 2-7 year

intervals (figure 2) and have never been

shown to produce sizeable crops in con-

secutive years. Orchard pecans are veg-

etatively propagated at deliberately

spaced intervals to allow ample sunlight

between trees and root development well

beyond the canopy of each tree to access

water and nutrients. Left unchecked,

careful monitoring is needed to detect

and respond to these rare occurrences, if

sustained nut production is to be

achieved. Insects that feed on nuts are

another matter. Recent research shows

that the wild pecan survives the ravages

of nut feeders in nature by producing a

big crop followed by low production for

one or more years. This "boom and bust"

cycling of production starves nut feeders

to low levels during bust years and pro-

duces so many nuts in boom years that

nut feeders are satiated long before the

big crop is consumed. The nuts left over

survive to germinate the following year.

Figure 2. Jhis pecan cluster represents a boom year for

wild pecan trees, which occurs at 2-7 year intervals. In

contrast, orchard pecans at the park are managed for

continual production, and ore fertilized and managed in

other ways to ensure annual productivity.

Once in awhile a nut will survive to be-

come a tree and form the beginning of

the next pecan generation.

The pecan is not perfect in regulating

this boom and bust production. Trees on

especially good sites, where branches

may have better access to sunlight, for

example, have extra food reserves. These

individuals produce enough flowers to

yield up to 10% of a crop in a bust year,

even though the remaining trees remain

barren. If these pecan flowers continued

to grow to maturity, late-season nut feed-

ers like jays, squirrels, and especially the

pecan weevil, Curcu/io caryae (Horn) (Co-

leoptera: Curculionidae), would use them

to grow and reproduce, and their prog-

eny would occur in much greater num-

bers to consume the boom year crop.

However, the pecan nut casebearer,

Acrobasis nuxvorella Nuenzig (Lepi-

doptera: Pyralidae), attacks nuts just af-

ter pollination and removes almost all the

nutlets in years of low production. This

leaves few nuts to mature in bust years.

In years of high production, a similar

amount of nutlets (2-10%) is removed by

the casebearer, although this has little ef-

fect on the boom crop.

This competition between late-season

nut feeders and the casebearer works great

in nature, preserving the boom-bust cycle

in the wild trees, but the pecan grower

strives to produce nuts every year by keep-

ing trees well spaced, watered, and fertil-

ized. This practice increases pecan nut

production in the orchard. Unfortunately,

the pecan nut casebearer comes from

nearby wild trees to this pocket of produc-

tivity and causes severe damage in the or-

20 Park Science



"igure 3. An insect trap dangles from the branch of on

orchard pecan and is indicative of the pork's ongoing

nonitoring program for the casebearer moth. A forager of

lecans when they are developing in the flower, the

'osebearer can severely damage the orchard pecan crop in

fears when wild trees have little or no production.

'igure 4. Insect traps of a different design are used by

esource managers to track changes in the population of

he pecan weevil. Although this insect species can

wtentially damage an orchard pecan crop of mature

wts, its numbers have not yet been of concern to

esource managers.

chard in years when the wild trees have

little or no production. The park IPM plan

prescribes monitoring for casebearer activ-

ity in the orchard using a pheromone (fig-

ure 3). If damaging numbers of the

casebearer occur, as determined by using a

sequential sampling plan, a well-timed

treatment with Bacillus thuringiensis endot-

oxin is recommended to conserve agricul-

tural production. This also means abundant

nuts will occur in the orchard in the fall

when surrounding wild trees are barren.

These nuts will often require protection

from late-season nut feeders like the pecan

weevil. Monitoring protocols have also

been developed for the weevil (figure 4) to

ensure that action to reduce their numbers

is only taken when needed. If treatment is

required, the least intrusive, but still effec-

tive, management possible is used. How-
ever, pecan weevil densities have not built

up sufficiently to warrant treatment, despite

the species' presence in the orchard.

A groundwater monitoring protocol

has also been established in the park to

detect runoff or leaching of pesticides

used in the pecan IPM program. No run-

off has been detected, and the minimal

levels of chemical intervention are not

expected to cause such problems. Insec-

ticide use, for example, is never expected

to require more than 21 days of pesticide

protection on the foliage in a growing

season of 220+ days. Additionally, the

chemicals used are neither biologically

magnified nor readily leached through

soil. Plus, they are biodegradable. Rou-

tine water monitoring is an additional

precaution designed to provide the high-

est quality of stewardship possible.

Conclusion

According to Brison (1974), the pecan

is the most important horticultural crop

native to the United States. Lyndon B.

Johnson National Historical Park pro-

vides a setting for the public to enjoy the

pecan in all its glory from the wild trees

along the Pedernales River, to the semi-

domesticated cattle and pecan environs

reminiscent of the early 20th century, to

the responsibly managed pecan orchard

of today and the future. Most of the agri-

culturally important crops grown in the

United States today originated elsewhere.

The pecan is ours, and the opportunity

to see the entire range of the pecan do-

mestication process is a special legacy

indeed.

The pecan at LBJ National Historical

Park is a microcosm of the issues and re-

sponsibilities facing the National Park

Service today. In and near the park, the

can orchard shows responsible pecan

production that optimizes availability of

the human-valued nut resources using the

Pecan IPM Plan. Our society needs food

for thought as well as food for survival.

The pecans at LBJ National Historical

Park can help inform and engage the pub-

lic in addressing these issues.
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Figure 1 (left). Built for horse-drawn carriages in the

early 1900s, the well-engineered, gravel carriage

roads of Acadia National Park (Maine) are very

popular among bicyclists and hikers today, creating

the potential for crowding and conflict.

Figures 2 and 3 (right, far right). Visitors

participating in the social carrying capacity study

were asked to rate the acceptability of scenes

depicted in 19 computer-generated photos, including

these, that illustrated varying numbers and types of

carriage rood use. These photographs show a typical

viewscape on the carriage roods-approximately 100

meters in length.

Crowding and <onfli<t on the carriage roads of
Acadia national Park:

An application of the Visitor Experience Resource Protection framework

By Charles Jacobi and Dr. Rosm Manning

T^he carriage roads ofAcadia Na-

tional Park are a unique system

ofmore than 50 miles ofbeauti-

fully designed and highly engi-

neered gravel roads built under the direc-

tion ofJohn D. Rockefeller, Jr., in the early

1900s (figure 1). Although the roads were

built for horse-drawn carriages, they are

now used mainly by bicyclists and walk-

ers, providing a welcome escape from au-

tomobile traffic and access to many
undeveloped areas of the park. Equestrian

use is low. Longtime observers agree that

carriage road use increased greatly with the

rise in popularity of the mountain bike in

the 1980s, although no data on carriage

road use were collected during this time

period. However, the park fielded an increas-

ing number ofcomplaints from visitors and

area residents during this time about "crowd-

ing" and "conflict" on the carriage roads.

In response to these threats to the qual-

ity of the visitor experience, park manag-

ers decided to apply the Visitor Experience

Resource Protection (VERP) framework to

carriage road use (National Park Service

1997). VERP addresses carrying capacity

and visitor use management of national

park areas through nine elements in a gen-

erally linear but also iterative process.

VERP is one of several frameworks that

provide a logical and rational basis for de-

cision-making, and it is becoming more

commonly used throughout the national

park system.

The VERP framework can also include

a natural or cultural resource component

for determining carrying capacity. How-
ever, we determined that resource impacts

at Acadia were minimal. Social trails, ero-

sion, and trampling of vegetation are po-

tential natural resource problems, especially

around bridges, ponds, and viewpoints.

However, bicyclists, the main users of the

carriage roads, are not now causing these

problems. Bicyclists are also not using the

carriage roads to access hiking trails (bik-

ing is not allowed on hiking trails) and thus

adding to trail erosion. Nesting peregrine

falcons were located well above the car-

riage road at Jordan Pond and their pro-

ductivity suggests they were not affected

by visitor use. Although the park does not

formally monitor natural resources adjacent

to the carriage roads, the best professional

judgment ofpark staffwas that current im-

pacts were not significant enough to war-

rant a natural resource component to the

carrying capacity process.

As long as the carriage roads are prop-

erly maintained (a private endowment now
ensures this) visitor use is also unlikely to

degrade the road or the bridges (the cul-

tural resource). Only increased equestrian

use might pose a threat, and only then if

road maintenance is unable to keep up with

damage caused by horse use. Thus, this

application of VERP is limited to social

science and the visitor experience. Through

VERP, park managers sought to under-

stand, define, and maintain high quality

experiences on the carriage roads.

Park staff received training in applying

VERP through a three-day workshop con-

ducted by Marilyn Hofofthe NPS Denver

Service Center. Based on this workshop, we
recognized that more information about

carriage road use and users was needed. A
three-phase research program was planned,

and Dr. Robert Manning of the University

ofVermont served as lead investigator.

This paper describes the application of

the VERP framework to carriage road visi-

tor use. It begins with a brief description of

the supporting research program, and then

outlines the application according to the

nine elements of the VERP framework 1

.

Research program

Phase I

Phase I research was designed to iden-

tify potential indicators of quality for the

carriage road experience through a survey

(questionnaire) ofcarriage road visitors and

'This application started with an earlier draft ver-

sion of VERP consisting of nine steps that are

slightly different than the nine elements in the

latest version (National Park Service 1997). The
team continued to follow the nine steps of the

earlier version ofVERP and they are referred to

as steps in this paper.
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focus group sessions with representatives

ofmajor user groups (Manning et al. 1996a;

Stillwater Assoc. 1995). Indicators of qual-

ity are specific, measurable variables that

are important in determining the quality of

park resources and visitor experiences.

Study findings suggested that most carriage

road visitors enjoyed their experience.

However, visitors also suggested that

problems with too many people using the

carriage roads were emerging, and that se-

lected behaviors experienced on the carriage

roads were a problem. These variables-

crowding and problem behaviors-were

selected as the best indicators of a quality

visitor experience. Estimates of visitor use

levels using electronic trail counters and a

census of carriage road use were also con-

ducted as part of phase I research.

Phase II

Phase II research focused on identifying

standards ofquality for crowding and prob-

lem behaviors (Manning et al. 1998a; Man-

ning et al. 1999). Standards ofquality define

the minimal acceptable condition of indi-

cator variables (Manning, et al. 1996c).

Research indicates that visitors often have

normative standards concerning acceptable

conditions in parks and related areas (e.g.,

Vaske et al. 1986; Shelby and Heberlein

1986; Hofet al. 1994; Manning et al. 1996b;

Manning et al. 1996c). Thus, we adminis-

tered a second survey to carriage road visi-

tors to determine standards of quality for

crowding and problem behaviors.

We identified crowding norms using nu-

merical and visual methods. In the visual

approach, a representative sample of car-

riage road visitors rated the acceptability

of 19 computer-generated photos of car-

riage road use. These photos illustrated

varying numbers (0-30) and types (hikers

and bikers) ofcarriage road visitors. Sample

photos are shown in figures 2 and 3. The
viewscape in the photos represented a typi-

cal 100-meter carriage road segment. In the

numerical approach, visitors reported the

maximum number of people they would

find acceptable to see at one time (per

viewscape) on the carriage roads. The num-

ber of persons-per-viewscape (PPV) then

became the measure for crowding and

eventual standards of quality. Study find-

ings suggested the maximum acceptable

PPV ranged from 11 to 18 based on the

various numerical or visual methods used.

Visitors reported they now typically see

about 5 PPV, suggesting that the carriage

roads have not yet reached carrying capac-

ity. Visitors also reported that they would

accept seeing the maximum PPV level for

about 40% of their visit. This temporal ele-

ment of crowding norms was a new ele-

ment of research, and it was addressed

more fully in Phase III.

We also developed numerical norms for

the four most important problem behav-

iors-bicycles passing from behind without

warning, excessive bicycle speed, obstruct-

ing the road, and dogs off leash-from visi-

tor surveys. Visitors reported that existing

conditions were close to exceeding their

maximum level ofacceptability for only one

behavior (obstructing the road).

We continued to estimate visitor use

with trail counters and censuses in phase II

and also developed a computer-based simu-

lation model (see sidebar at end of article

on page 26) ofcarriage road use. Daily car-

riage road use in the summer of 1995

ranged between 1,000 and 2,000 visitors.

These daily estimates can be used as the

primary input for the simulation model. For

any total use level, the model estimates the

number of minutes visitors see various

PPVs, informing managers when standards

of quality are violated.

Phase III

In phase III research, a representative

sample ofresidents ofsurrounding commu-

nities was asked about their standards of

quality using the same questions as phase

II research (Manning et al 1998b). Residents

also rated the quality of five hypothetical

one-hour carriage road visits representing

different total carriage road use levels

(table 1). These scenarios were developed

using the simulation model, and were de-

signed to measure the temporal component

of crowding norms in a more detailed way

than was done in Phase II research. For

comparison purposes, another representa-

tive sample of carriage road visitors also

rated the same five scenarios. Residents

were also asked how they had changed

their carriage road use over the past sev-

eral years because of increased use and

problem behaviors. Concern about dis-

placement of longtime users was a major

reason for administering a survey to local

residents.

Findings showed residents have adjusted

their personal carriage road use substan-

tially in recent years because ofthe changes

in overall carriage road use. These adjust-

ments include using the carriage roads less

often, and shifting use to less-used times

and places. Acceptability ratings of both

residents and visitors for the five scenarios

Table h

Average number of minutes per hour visitors see selected

numbers of persons per viewscape (PPV) for five carriage road

total use scenarios

PPV Scenario I Scenario 2 Scenario 3 Scenario 4 Scenario 5
Total Use=750 Total Use=l,500 Total Use -3, 000 Total Use=6,000 TotalUse=12,000

55 48 40 28 17

1-5 5 11 18 26 28

6-10 1 2 5 10

11-15 1 3

16-20 1

21-30 1

"Carnage Roads " continued on page 24
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"Carriage Roads" continued'from page 23

are shown in figure 4. These data suggest

that at current use levels, most visitors are

having a high quality experience.

However, visitor and resident standards

of acceptability for the four problem be-

haviors differed significantly. Residents

were considerably less tolerant ofproblem

behaviors than were visitors. This may be

because most residents are walkers and

most visitors are bikers. Residents reported

that existing conditions of these behaviors

are very close to violating their standards

of quality.

Application of VERP
Step 1 of the VERP framework calls for

appointment of an interdisciplinary plan-

ning and management team. The VERP
team for the carriage roads included the

superintendent, deputy superintendent, sev-

eral division chiefs, a recreation specialist

(team leader), and supervisor of carriage

road rovers (interpretive ranger). Marilyn

Hof and Robert Manning served as con-

sultants to the team.

Steps 2-3 of the VERP framework

prompted a statement of purpose and sig-

nificance for the carriage roads and the pro-

duction of maps of resource and social

conditions on the roads. This was impor-

tant because the carriage road system is set

amidst a great diversity ofnatural resources,

and use levels and patterns on the roads

are also diverse.

In step 4, a range ofappropriate resource

and social conditions was considered for

the carriage roads. As already discussed, no

natural or cultural resource issues were con-

sidered to be significant, although the po-

tential for them exists. Thus, we focused

on social conditions only for this applica-

tion ofVERP. In step 4, we also established

the major carriage road management goals:

shared recreation use ofthe carriage roads

by all types of visitors, a diversity of experi-

ences based on visitor use levels and behav-

iors, and a high quality visitor experience.

The VERP team zoned the carriage road

system in step 5 and established peak and

nonpeak zones based on existing levels and

patterns of use. Zones were defined by lo-

cation, time of day, and time of year.
2 We

decided to use the same indicators ofqual-

ity for each zone, but we set different stan-

dards ofquality.
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Figure 4. Resident and visitor acceptability (quality) ratings for the five visitor use scenarios were very

similar, indicating there was little difference in tolerance for crowding.

Table 2.

Percent of visitors experiencing selected quality ratings (or

higher) for selected total carriage road use levels

Carriage Road Quality Rating I

Use Level (people/day)

Quality Rating 2 Quality Rating 3

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

5,500

6,000

91

91.2

91.5

91.7

87.2

82.8

78.4

74

69.6

65.2

85.7 74.2

83.4 68.6

81.2 62.9

79 (quality standard) 57.2

73.5 51.7

68.1 46

62.7 40.3

57.3 34.6

51.9 28.9

46.5 23.2

Table 3.

Average number of minutes per hour visitors see selected num-

bers of persons per viewscape (PPV) in peak and nonpeak zones
for four total carriage road use levels

Carriage Road Total Use Level (people per day)

Use=2fS00 Use=3f 000 Use=3,500 Use=4f 000
PPV Nonpeak Peak Nonpeak Peak Nonpeak Peak Nonpeak Peak

50 36 48 31 45 29 45 26

1-5 9 22 11 27 14 28 14 29

6-10 1 2 1 2 1 3 1 4

11-15 1

16-20

21-30

-The following three conditions occurring together

defined the peak zone: a location between inter-

sections 1 and 10 and between 14 and 17, a time

between 10:00 a.m. and 5:00 p.m., and a day be-

tween June 20 and Labor Day or any of the three

days of the Memorial Day and Columbus Day
holidays. All other times and places were in the

nonpeak zone. Thus, even on July 4, if someone
were biking between intersections 1 and 10 after

5:00 p.m., they would be in the nonpeak zone.
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Step 6 required formulating standards of

quality for each zone. Study findings from

the research described earlier were used to

help set standards of quality for crowding

and problem behaviors. These findings and

the standards are outlined here.

Crowding standards

Formulation of crowding standards re-

lied heavily on visitor and resident norms

and findings from the computer simulation

model. Table 2, developed from the fre-

quency distributions of visitor acceptabil-

ity ratings of the five carriage road use

scenarios, shows the percent ofvisitors ex-

periencing selected quality ratings (or

higher) for selected carriage road total use

levels. These data show the relationship

between quality and total use, and empiri-

cally represent the trade-offs inherent in

managing the carriage roads.

While the data in table 2 were helpful,

they raised two challenging questions.

What quality rating should the park man-

age for (i.e., what point on the y-axis in fig-

ure 4 should be selected) ? What percentage

ofvisitors should have an experience ofthat

quality rating or higher? Insight into an-

swering these questions was provided

through development oftable 3. This table

shows computer simulation estimates of

PPVs for the peak and nonpeak zones for a

range of four likely use levels. For all four

use levels, a wide difference exists between

the peak and nonpeak zones for the num-

ber of minutes visitors see and 1-5 PPV.

Establishing and maintaining this diversity

of use conditions was a goal set in step 4.

Based on research findings as reported

in the tables and figures, the VERP team

established three crowding-related stan-

dards of quality:

1. Eighty percent of visitors should have a

high quality experience (defined as qual-

ity rating 2 or higher from table 2). This

standard ofquality is consistent with the

management goal of providing a high

quality visitor experience as defined in

step 4 of the VERP framework.

2. Total use for the carriage roads should

not exceed 3,000 visitors per day. This

figure is taken from table 2, which indi-

cates that roughly 80% of visitors have

an experience of quality rating 2 or

higher at this use level.

3. PPV-related standards ofquality for peak

and nonpeak zones are as follows:

Totdl use for the carriage roads should not exceed

3,000 visitorsper dag

• In thepeak zone, visitors should see PPV
at least 31 minutes out of each hour; 1-5

PPV no more than 27 minutes of each

hour, 6-10 PPV no more than 2 minutes

out of each hour, and never more than

10 PPV.

• In the nonpeak zone, visitors should see

PPV at least\% minutes out ofeach hour;

1-5 PPV no more than 11 minutes ofeach

hour, 6-10 PPV no more than 1 minute

out of each hour, and never more than

10 PPV

These figures are taken from table 3,

which shows PPV estimates for a total car-

riage road use level of3,000 visitors per day.

Formulation of standards of quality for

crowding and other indicators of quality

will always involve an element of value

judgment by park managers. However,

these research findings, along with the de-

cisions made within the context of the

VERP framework, provide an informed,

empirical, and defensible basis for such de-

cisions.

Behavior standards

Standards of quality for problem behav-

iors were established by using the norms

described earlier and by trying to balance

the divergence in such norms between resi-

dents and visitors. Based on this analysis,

the VERP team established the following

behavior-related standards of quality.

For a two-hour visit in the peak zone,

visitors should experience no more than:

• Two instances of bicyclists traveling at

excessive speed

• Two instances ofbicyclists passing from

behind without warning

• One instance of visitors obstructing the

road

• Zero instances of dogs off leash

For a two-hour visit in the nonpeak zone,

visitors should experience no more than:

• One instance of bicyclists traveling at

excessive speed

• One instance of bicyclists passing from

behind without warning

• One instance ofvisitors obstructing the road

• Zero instances of dogs off leash

Step 7 of the VERP framework requires

monitoring of indicators of quality. Moni-

toring of crowding-related indicators of

quality will rely on the computer-based

simulation model and estimations of

systemwide use derived from the electronic

trail counter. If estimations of systemwide

use exceed 3,000 visitors per day, PPV stan-

dards are assumed to be violated. Some
direct counts of PPVs will be made as a

field-check on the simulation model. Moni-

toring of behavior-related indicators of

quality will be accomplished by adminis-

tering brief surveys, identical to those used

in phase II research, conducted once every

three years. Based on monitoring results,

crowding standards were not violated in

1997 or 1998. The highest daily use, how-

ever, was nearly 2,800 visitors. Behavior

standards were not violated in 1997; they

will be monitored again in 2000.

Assumptions and conditions on which

the simulation model was built must also

be monitored for changes. Major changes

in use patterns, such as an increase in the

number of one-way trips taken, might re-

quire adjustment of the model.

If monitoring determines that standards

of quality are violated, then step 8 requires

analysis of the root cause of such discrep-

ancies. Research and monitoring suggest

that current use ofthe carriage roads meets

all standards ofquality. However, the VERP
team has considered potential causes of

such discrepancies. A new transportation

system for the park and surrounding com-

munities began in 1999. Visitor use of this

transportation system may change visitor

use patterns on the carriage roads enough

to cause standards ofquality to be violated.

The park must preserve the quality of the

carriage road experience by managing the

transportation system schedule (access) to

the carriage roads. Parking enforcement,

changing visitor demographics, increased

use, a new visitor use, or a failure or lapse

in visitor education are also potential causes

of discrepancies.

Step 9 requires management action to

address any discrepancies between exist-

ing conditions and standards of quality.

Again, no such discrepancies currently ex-

"Carriage Roads" continued on page 26
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"Carriage Roads" continuedfrom page 25

ist on the carriage roads. However, in phase

II and phase III research, visitors and resi-

dents were asked the degree to which they

supported or opposed a range of possible

management actions. Based on these find-

ings, the VERP team has identified four

potential management actions in decreas-

ing order of priority: further visitor educa-

tion, parking control and mass transit,

visitor permits, and enforcement patrols.

Conclusions and recommendations
VERP provided a systematic, rational,

and, where possible, empirically based ap-

proach to developing a management plan

for the carriage roads. Carriage road expe-

riences were defined through indicators and

standards of quality. Indicators of quality

will be monitored to ensure that standards

of quality are not violated. Finally, a series

of management actions is available if and

when needed.

Successful application ofVERP was due

to: (1) obtaining research funding thanks

to the relatively high profile of the issue;

(2) a peer-reviewed research program that

allowed for informed decision-making; (3)

thinking ahead about how monitoring

would be accomplished; and (4) the dedi-

cation of the VERP team.

Several recommendations for applying

VERP emerged from our experience. Mov-

ing fast was sometimes helpful, especially

through steps 1-3. It also helped to push

the application as far as possible and re-

cycle through it often; VERP should be

considered an iterative process with many
feedback loops. The VERP team struggled

with steps 4 and 5, and preferred not to

dwell on them when they could be revis-

ited. Furthermore, reliable, quantitative in-

formation based on peer-reviewed research

was critical to the process. Finally, for the

purposes of monitoring, the application

should be kept as simple as possible. Fewer

indicators, standards, and zones make
monitoring more feasible.

Park managers now have a sound under-

standing of carriage road visitor use issues

and a plan for managing the visitor experi-

ence. A carrying capacity has been estab-

lished and monitoring is in place.

Management challenges lie ahead as the

park tries to maintain a high quality car-

riage road experience.
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Computer simulation model

A computer-based simulation model

of carriage road visitor use was de-

veloped using the simulation software

package Extend by Imagine That, Inc.

(Manning et al 1998a, Manning and

Wang, 1999). Model inputs came from

visitor surveys and census results. Phase

II visitor surveys provided information

about visitor types, group sizes, and travel

routes. Six censuses of carriage road use

conducted from 9:00 a.m. to 6:00 p.m. at

11 major access points provided data on

carriage road entries distributed in time

and space. The model was verified

through sensitivity analysis and compari-

son with data on actual carriage road use.

Model output can take several forms, in-

cluding density of use, numbers of en-

counters between visitors, and persons-

per-viewscape (PPV). For the application

of VERP described in this paper, PPV
proved to be useful. PPV indicates the

number of visitors within any 100-meter

viewscape, the approximate typical dis-

tance that can be seen along the carriage

roads. For any daily total use level of the

carriage roads, the model estimates the

number of minutes out of an hour that

selected PPVs occur. Examples of these

data are shown in tables 1 and 3. These

data helped formulate standards of qual-

ity for the carriage roads. The simulation

model can also assist with monitoring in-

dicators ofquality. Finally, the model can

be a useful management tool by predict-

ing the effect on PPV levels ofchanges in

spatial and temporal use patterns.
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Rare plant survey at Capitol

Reef National Park

By Deborah Clark ahd Thomas 0. Clark

In
1997 and 1998, Capitol ReefNational

Park received a research and inventory

grant from the National Park Founda-

tion and Canon U.S.A., Inc., through

their "Expedition into the Parks" program.

This grant enabled National Park Service

staff researchers, and volunteers to collect

critical data on several of the rarest plants

occurring in the park.

Capitol Reef National Park is located in

south-central Utah (figure 1), in the Colo-

rado Plateau region, 72 km (45 mi) west of

Hanksville on U.S. Highway 24. It was es-

tablished to protect the longest exposed

monocline in North America and is ap-

proximately 97,000 ha (241,903 acres) in

size. This wrinkle in the earth's crust runs

about 160 km (100 mi) north to south and

is named the Waterpocket Fold. Unique

geological conditions within the fold have

created microhabitats that support over 40

rare and endemic plant species.

The six plant species selected for this

study were ones most likely to be impacted

by increased park visitation around the

headquarters or Fruita area. Capitol Reef is

primarily a backcountry park and receives

about three-quarters of a million visitors

each year. Many of these visitors hike the

trails within the Fruita area and many of

these trails have rare plant populations ad-

jacent to them. Therefore, information on the

whereabouts of rare plants in these high use

areas and whether they are being affected by

visitation is essential for park management.

Three ofthe six species are federally listed

as endangered or threatened: Barneby reed-

mustard (Schoencrambe barnebyi-endangered),

Maguire's daisy {Erigeron maguirei-threat-

ened), and Wright's Fishhook cactus

(Sclerocactus wrighttae-endangered) . One
species, Rabbit Valley gilia {Gilia caespitosa-

figure 2), was a candidate for federal list-

ing, but is now being managed under a

conservation agreement and strategy that

precludes the need to list it
1

. The remain-

'The conservation agreement and strategy was
written by BLM, FWS, USFS, and NPS staff in

1996. This agreement addresses protection mea-
sures designed to achieve long-term conservation

of the species so that listing under the Endan-
gered Species Act would not be necessary.

ing two species are NPS sensitive: Har-

rison's milkvetch (Astragalus harrisonii),

occurring only within Capitol ReefNational

Park, and pinnate spring-parsley (Cymop-

terus beckii).

The study

The primary purposes of this project

were to (1) conduct intensive surveys for

the target species within the heavily vis-

ited Fruita area, and (2) develop monitor-

ing protocols for each species that would

detect changes in plant numbers due to visi-

tor impacts. The study area encompassed

approximately 10,000 ha (25,000 acres),

with about 6,400 ha (16,000 acres) contain-

ing suitable habitat for one or more of the

target species (figure 3, page 28). Particular

emphasis was focused on areas currently

being impacted by visitors and on areas

where future increased use is expected.

The study began during the 1997 field

season when the interagency botanist

mapped known locations using a global

positioning system (GPS). These locations

were entered into the geographic informa-

tion system (GIS) and were overlaid with

soil types, geologic formations, slope, as-

pect, and elevations to create a profile of

potential habitat by species. In addition to

accurately depicting known and potential

habitats, this refined the range of each of

the six species and helped resource man-

agers plan how many people would be

needed to accomplish the tasks.

After completing this initial work, field

crews conducted surveys in potential habi-

tat for each species (figure 4, page 28). By

surveying from April through late June

when the majority of plants were in full

bloom crews ensured proper plant identi-

fication and increased survey accuracy.

Each area was systematically surveyed both

by walking transects through all accessible

areas and by using binoculars to search

cliffs. The crews hiked every established

hiking trail and other well-used foot route

in the Fruita study area during the appro-

priate blooming time for each species. If a

trail or route passed through potential habi-

tat for two or more species and those spe-

cies bloomed at different times, then those

Figure I. Capitol Reef Notional Pork is located in

south-central Utah and encompasses the

Waterpocket Fold, a 100-mile-long geologic

formation known as a monocline that provides

numerous microhabitats for rare plants.

trails and routes were hiked multiple times

to ensure surveys were as thorough as pos-

sible for each species. Once all maintained

trails were surveyed, then routes and areas

receiving off-trail use were surveyed. For

future reference, crews noted on maps all

areas surveyed.

For each new occurrence ofa species, crews

completed a modified version the Utah Natu-

ral Heritage Division Site Visit Account Sur-

vey Form, took photographs, and mapped

its location on 7.5' quadrangle maps. Wher-

ever possible, a GPS was used to map the

precise location ofeach new occurrence.

Localities found on or adjacent to hik-

ing trails and routes were recorded and

Figure 2. Rabbit Valley gilia, a candidate for federal

listing, is now being managed under a conservation

agreement and strategy.

"Plant Survey " continued on page 28
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"Plant Survey " continuedfrom page 27

Figure 3. Jhe study area within Capitol Reef Notional Park encompasses

Fruita, an area that contains the majority of visitor use. Darker areas

depict potential habitat for a greater number of the target species.

Figure 4. Field survey crews searched for Maguire 's daisy, a federally

endangered species, in rugged, steep terrain.

i

mapped so park managers

would know about the poten-

tial for visitor-related impacts

to these populations. All new
localities were entered into

the park's GIS along with a

summary of data about the

locality. This ensures long-

term retrieval capabilities for

future resource managers.

In 1998, the study pro-

gressed into the monitoring

phase. Resource managers

selected monitoring sites

where at least 100 individu-

als of the target species oc-

curred in areas of current or

potential visitor impact. The

interagency botanist visited

each of these areas to deter-

mine whether a monitoring

plot could be established

without impacting the spe-

cies of concern. Since all

these species grow in rugged,

steep terrain, some sites had

to be abandoned since any

monitoring efforts would

have disturbed the plants, or

the location was deemed too

difficult to access repeatedly.

Once resource managers

determined the logistical fea-

sibility of establishing a plot

at a given site, field crews set

up the plots, then tagged in-

dividual plants and took their

measurements. Measure-

ments included precise loca-

tion by distance along and

from an established meter

tape (to enable new crews to

relocate individual plants dur-

ing successive years), plant

height, size class, number of

flowering stems, and condi-

tion of plant. Since almost

nothing is known about the

life history ofthese plants, the

monitoring method is de-

signed to gather some ofthat

information.

The crews established plots

near hiking trails to measure

visitor impacts and tagged

plants growing within one

meter of the edge of trail by

burying numbered nails. A
second control plot away

from trail impacts was established near the

"trail" plot. These control plots were located

on the same slope, aspect, and soil type to

reduce the number of variables that could

affect monitoring results.

Survey results

Crews surveyed the twelve maintained

hiking trails and four well-used routes

within the Fruita area for each ofthe target

species. They completed 87 site visit ac-

counts, documenting information on all

known and new populations of the six se-

lected species in the Fruita study area.

Calendar year 1997 was excellent for

botany work in Capitol Reef because win-

ter and spring rainfall was above average,

creating a superb year for wildflowers. A
long, cool spring prolonged the bloom of

several of the target species, enabling sur-

vey crews adequate time to cover thor-

oughly all areas of concern. This also

ensured a high degree of accuracy for sur-

vey results, since plants tended to be well

developed and in full bloom for a longer

than average time period.

Findings by species

Barneby reed-mustard

The recovery plan for Barneby reed-

mustard reports an estimate of 2,000 total

plants known from two locations, one in

Capitol Reef. Prior to this study, only one

locality in Capitol Reefcould be confirmed

by botanists. This species occurs only in

two geologic formations, Moenkopi and

Kaibab limestone. Approximately 3,360 ha

(8,400 acres) of these formations occur

within the study area, however, only about

one-quarter of that area is potential habi-

tat. During this study, all potential habitat

for Barneby reed-mustard within Capitol

Reefwas surveyed, resulting in the discov-

ery ofnine new localities and approximately

1,630 individual plants.

Maguire's daisy

The recovery plan for Maguire's daisy

reports an estimates of 5,000 individual

plants known from 33 locations, represent-

ing seven separate populations. Three

populations totaling 12 locations (five out-

side the study area) were known in Capitol

Reef before the study. This species occurs

only on Navajo sandstone between 1,600

and 2,500 meters elevation. There are ap-

proximately 1,920 ha (4,800 acres) of Na-

vajo sandstone within the study area.
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Surveys for Maguire's daisy focused on po-

tential habitat adjacent to trails and routes

and resulted in 20 localities being recorded

(13 new ones) and approximately 1,650

individual plants being found.

Wright's fishhook cactus

The recovery plan for Wright's fishhook

cactus reports an estimate of 13 locations

in Emery and Wayne Counties, Utah. Only

two locations were known within Capitol

Reef before this study, both outside the

study area. This species occurs on numer-

ous geologic formations, and has a much

wider distribution than the two previously

discussed species. About 960 ha (2,400

acres) of potential habitat were estimated

to be in the study area; however, very little

of that acreage occurs near areas of con-

cern. Thus, surveys focused on areas of

concern and resulted in the discovery of

seven new localities totaling 60 individual

cacti.

Rabbit Valley gilia

Rabbit Valley gilia was a candidate for

federal listing in 1997, but a conservation

agreement and strategy was developed,

thereby precluding the need to list it. Be-

fore the survey 13 locations for the species

were known (nine in Capitol Reef) con-

taining approximately 4,700 individual

plants. This species grows only on Navajo

sandstone, of which approximately 1,920

ha (4,800 acres) occurs within the study

area. Surveys conducted during this study

found three new occurrences containing

435 plants.

Harrisons milkvetch

This species is an NPS sensitive species.

Until 1998, no extensive surveys had ever

been conducted for Harrison's milkvetch.

It was thought to occur at four locations in

Capitol Reef, totaling about 200 individual

plants. Harrison's milkvetch occurs only in

Navajo sandstone. About 1,920 ha (4,800

acres) ofthis formation occurs in the study

area, although very little of this area is ac-

tually potential habitat. Surveys confirmed

the four known locations and added 14 new
localities, totaling about 5,000 plants.

Pinnate spring-parsley

This species is an NPS sensitive species.

Only nine localities (three in Capitol Reef),

containing less than 2,000 plants were

known before this study. Pinnate spring-

parsley occurs in four formations: Navajo,

Wingate, Kayenta, and Cutler limestone.

About 3,800 ha (9,500 acres) of these for-

mations occur within the study area; how-

ever, only about one-eighth of the area is

potential habitat. This study confirmed the

three known locations and added 13 new

localities, totaling about 1,250 plants. How-
ever, the majority ofnew localities contain

20 or fewer plants. Often, one isolated plant

was found in a slot canyon far from other

known locations.

Monitoring plots

Crews established twelve monitoring

plots for five ofthe target species. Resource

managers determined that no monitoring

plots were necessary for Wright's fishhook

since the few occurrences were in areas not

likely to be directly impacted by visitor ac-

tivities. Monitoring plots will be maintained

with annual monitoring for at least the first

three years. Thereafter, the park will deter-

mine whether annual or biennial monitor-

ing should be continued. Additional plots

may be established in the future ifdeemed

necessary.

Partnerships and products

Volunteers donated approximately 1,070

hours to this project, representing an ap-

proximate monetary worth of$10,900. Part-

nerships with Capitol Reef National Park

for this project included seven organiza-

tions. Capitol Reef Natural History Asso-

ciation managed the grant budget and

provided its science projects coordinator

(now the interagency botanist) as staff for

the project, and Zion National Park detailed

one of its seasonal staff in 1997. Four uni-

versities sponsored student volunteers

(Utah Valley State College, Southern Utah

University, Utah State University, and

Northern Michigan University), three of

whom had specific internship programs

through their universities. In 1997, Worth-

ington High School in Ohio sponsored one

"walkabout" high school student who as-

sisted with GPS mapping.

The interagency botanist and interpre-

tive staff produced two interpretive exhib-

its for display in the visitor center. One
specifically details Canon's and NPF's role

in the project, and the other describes rare

plants and geology within Capitol Reef

National Park. Additionally, the park in-

stalled signs at appropriate trailheads ex-

plaining the presence of rare plants along

trails and encouraging visitors to stay on

the trail. A leaflet educating visitors about

rare plants growing in Capitol Reef Na-

tional Park was developed and is being dis-

tributed in the visitor center.

Conclusions

Work accomplished by this study re-

sulted in the discovery and documentation

ofseveral new localities for each ofthe tar-

get species. It also reconfirmed that each

of these species is indeed very rare. Each

species has its own microhabitat niche re-

quirements that restricts it to very limited

areas within the Waterpocket Fold and sur-

rounding area. The largest increase in

known localities and number of individual

plants was for Harrison's milkvetch. This

is because no surveys for this species had

ever been conducted. Because of their ex-

tremely restricted microhabitat require-

ments, Barneby reed-mustard and pinnate

spring-parsley were found to be the most

limited species.

The timing of this grant was excellent

since Capitol ReefNational Park was in the

process ofrevising its general management

plan. Information gained from the 1997 por-

tion of this project was directly applicable

to the planning effort. Information gathered

during this study also enabled the park to

meet legal requirements ofthe Endangered

Species Act, comply with NPS manage-

ment policies, and address Government

Performance and Results Act goals. Con-

ducting surveys and establishing monitor-

ing plots were some of the park

responsibilities identified in three recovery

plans and a conservation agreement.

Knowledge gained about these species and

their specific habitat requirements will en-

able park staff to ensure that these plants

are protected and will assist in predicting

which areas may contain additional occur-

rences. Future results from the monitoring

plots will provide the means for park man-

agers to make better decisions concerning

visitor use and its impacts to park natural

resources, p
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Figure I (photo). Concern over the decline in flow of Vendome Well and the possibility that

its unregulated flow might be detrimental to other artesian wells and springs in the region

led the National Pork Service to renovate it in 1997. A new well was drilled, supplying water

to the historic fountain and doubling its flow, and the old well was plugged.

Figure 2 (map). Named in honor of the Chickasaw Indian Nation, Chickasaw National

Recreation Area is located in south-central Oklahoma.

Water quantity issues
at Chiikasaw National Reaeation Area
As historic springs diminish in flow, provisions of a water resources management
plan aim at understanding the causes and mitigating the decline

ByM. Nicholl
1

, J. Wikie
2
, J. Brown

2
, J. Now', and R. Parker
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The resource management mis-

sion of Chickasaw National

Recreation Area combines fa-

cilitating public recreation with

protecting historically significant artesian

waters (figure 1). Located in south-central

Oklahoma (figure 2), midway between

Oklahoma City and Dallas, Texas, the rec-

reation area attracts over 1.5 million visi-

tors annually for picnicking, camping,

nature study, and water-based recreational

activities. The area is also historically im-

portant as a source of fresh and mineral-

ized spring waters that has been used by

generations ofvisitors for drinking and the

purported curative powers of the mineral-

ized waters (Brown 1998).

As a means of guiding management ac-

tivities pertinent to Chickasaw's unique

water resources, NPS staffinitiated the de-

velopment of a water resources manage-

ment plan that began with an "Issues

Scoping Workshop" held in December

1996. Among the critical management is-

sues identified by the National Park Ser-

vice and other stakeholders were the

historical and potential future decline in

flow from the area's natural springs. Qual-

ity ofthe spring waters was also a concern,

but is beyond the scope of this article (see

1 School of Geology, Oklahoma State University

(OSU), Stillwater, Oklahoma.
2 Department of Geography, OSU.
3 National Park Service, Chickasaw National

Recreation Area, Sulphur, Oklahoma.

sidebar, page 32). Here we present an over-

view ofthe unique water quantity problems

associated with maintaining springs as both

natural and historical resources at Chicka-

saw National Recreation Area.

Historical background
Before its designation as a national recreation

area in 1976, Piatt National Park (now the Piatt

District of Chickasaw National Recreation

Area-see figure 4) held the distinction ofbeing

both our nation's smallest national park and the

only unit in the national park system set aside

to protect resources at the request ofAmerican

Indian tribes. Long before NPS management,

the region containing the springs was a sacred

site and hunting area for resident tribes such as

the Wichita and the Caddo and nonresidents

such as the Comanche. An 1855 treaty with

the U.S. government placed the area contain-

ing the present-day Chickasaw National Rec-

reation Area under the control ofthe Chickasaw

Nation.

In the late 1880s, development pressures

rising from the popularity of the springs

prompted the Chickasaw to cede the area

to the U.S. government for protection. In

1902, Congress created the Sulphur Springs

Reservation; four years later, it was renamed

Piatt National Park in honor of Connecti-

cut Congressman Orville Hitchcock Piatt.

Included within its boundaries were 33 springs

used by both local residents and visitors.

During the 1930s, the Civilian Conser-

vation Corps constructed a number of im-

provements within the park, including pa-

vilions, bridges, and weirs (figure 3). While

the springs remained popular, visitor activi-

ties in the area were beginning to shift to-

wards recreational pursuits. Recognizing

the change in visitor interests and seeing

an opportunity to better serve the demand

for water-based recreation, the Congress

redesignated Piatt National Park as a na-

tional recreation area in 1976. With its

change in status, the new Chickasaw Na-

tional Recreation Area was enlarged to in-

clude the nearby Lake of the Arbuckles. In

addition to providing recreational boating,

swimming, and fishing opportunities, the

lake serves as a flood control reservoir and

water supply for surrounding communities.

The recreation area was enlarged again in

1983 to its present size of 4,050 hectares

(10,000 acres) through the acquisition of

Veterans Lake (27 hectares; 67 acres) from

the city of Sulphur (figure 4).

Groundwater at Chickasaw
A significant problem facing resource

managers at Chickasaw National Recre-

ation Area is that the underlying rock for-

mations have yet to be studied in sufficient

detail to fully understand the subsurface

flow system that feeds the natural springs.

South-central Oklahoma has a very com-

plex geologic history that includes the

building and subsequent erosion of the

Arbuckle Mountains, located to the south

ofthe recreation area. As a result, rock for-
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'gure 3. During the 1930s, the Civilian Conservation

orps constructed several improvements at what is

iday Chickasaw National Recreation Area. These

icluded the pavilion, shown here, at Pavilion Spring.

mations in the vicinity of Chickasaw also

show a high degree ofcomplexity, exhibit-

ing numerous folds, faults, and abrupt

changes in rock type, much of which has

not been studied.

The majority of the near-surface rocks

in the recreation area belong to a geologic

unit known as the Vanoss Formation. This

well-cemented conglomerate is extremely

dense and mostly impervious to the flow

ofwater, except where it is fractured. Rock

units that are impervious to water are

known as confining layers, because they

"confine" the flow ofwater to the underly-

ing aquifer. Below the Vanoss Formation

lie the Arbuckle (freshwater) and Simpson

(mineralized) aquifers, which permit water

to pass through fractures and pore spaces.

Mountain building and erosional processes

have left portions of the Arbuckle and

Simpson aquifers exposed near the earth's

surface in a region that is higher in eleva-

tion, and generally to the east ofthe recre-

ation area. Rainwater percolating into the

aquifers flows toward the recreation area

beneath the confining Vanoss Formation.

Just like water flowing through a pipe,

water in confined aquifers is under pres-

sure. In the Arbuckle and Simpson aqui-

fers, water pressure is sufficiently high to

raise water to the surface at breaks in the

confining layer (Vanoss Formation). Arte-

sian springs form at natural breaks, in the

confining layer, and wells drilled into the

aquifer will flow freely without the aid of

pumps (artesian wells). At any given time,

the amount of water that flows from arte-

sian wells and springs is a direct function

of pressure within the aquifer. If pressure

goes up, flow will increase, and vice-versa.

An illustrative example of a typical arte-

sian aquifer is shown in figure 5 (page 32),

although insufficient information exists to

produce a diagram that accurately depicts

conditions at Chickasaw National Recre-

ation Area today.

As water flows through an aquifer, it dis-

solves minerals in the rock. The amount of

dissolution is a function of rock type and

the amount of time that the water remains

in the aquifer. In rocks of normal to low

solubility, water that moves slowly becomes

mineralized, while water that moves more

quickly remains fresh. Each spring at the

recreation area is connected to the under-

lying aquifer in its own way; therefore, the

chemical makeup of the mineralized wa-

ters differ from spring to spring. Chemical

species found in the mineralized springs at

Chickasaw include sodium, calcium, mag-

nesium, chloride, bicarbonate, and sulfate

(Hanson and Cates 1994). Chemical

makeup of the spring water is also depen-

dent on that of the rainwater that initially

percolates into the aquifer in the upland ar-

eas. Therefore, land uses in these upland

areas may potentially impact water quality

within the aquifer, and hence the springs

(see sidebar, page 32).

minute (3,741 g/min). Several springs had

ceased to flow entirely by that time

(Hanson and Cates 1994).

The observed decline in spring flow has

become one of the most troubling ques-

tions facing resource managers at the rec-

reation area. Spring flow is determined by

pressure within the Arbuckle and Simpson

aquifers, as discussed, which in turn is con-

trolled by the balance between inflow (re-

charge) and outflow (discharge). The
source for recharge is precipitation, which

has remained relatively constant over the

past 90 years. However, land use has

changed dramatically within this same time

frame, possibly influencing the fraction of

precipitation that percolates through the

soil to recharge the aquifers. In addition, a

significant number of artesian wells have

tapped the aquifer system since the area was

first developed. The extent to which with-

drawals from these wells may have reduced

pressure within the aquifer system is cur-

rently unknown.

The water quantity issues illuminated

during the 1996 workshop resulted in pub-

lication of the water resources manage-

Water quantity

issues

Although a field

survey conducted

in 1906 identified

33 active springs

within what is now
the Piatt District of

Chickasaw Na-

tional Recreation £

Area, a more re- =

cent survey in 1987 |

identified only 21 2

springs, some of g

which were barely §

noticeable due to "2

low flow (Taylor |

1988). Among |
springs that have S

ceased to flow are y

two of the most £
popular, Bromide g

and Medicine I
on

Springs. Estimates j

in 1939 suggested •§

that total spring J

discharge had de- |

clined approxi- £

mately 80% from a

1906 estimate of

14,160 liters per

Figure 4. Detailed map of Chickasaw National Recreation Area.
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"Chickasaw " continuedfrom page 31

recharge

artesian well

Figure 5. Generic geologic cross-section showing

confined aquifer, spring, and artesian well.

ment plan (Wikle et al. 1998) for the recre-

ation area. Through resource management

project statements, the plan details strate-

gies for, among many others, investigating

the dynamics of the aquifer flow system,

restoring flow to Bromide Spring, and con-

trolling the flow ofVendome Well, the first

project to be completed.

Regulation of Vendome Well

The best known artesian well in the re-

gion is Vendome Well (see fig. 1, page 30),

located on Highway 7 just south of Sul-

phur. Drilled outside ofpark boundaries in

1922 and purchased by the National Park

Service in 1980, Vendome remains a popu-

lar tourist attraction and cultural landmark

for Sulphur residents.

Discharge rates for Vendome have de-

clined from approximately 9,500 liters per

minute (-2,500 g/min) in 1922 to around

1,900 liters per minute (-500 g/min) in

1992 (Hanson and Cates 1994). Factors be-

lieved to be responsible for the declining

flow ofVendome include a general reduc-

tion in aquifer pressure and deterioration

of the well casing. Park staff suspect, too,

that uncontrolled discharge from the well

and leakage from the subsurface well cas-

ing may have contributed to the decline in

discharge rates ofmineralized springs else-

where in the recreation area.

Because of the interest in preserving the

discharge of all artesian wells and springs

in the region, the National Park Service has

recognized the importance ofregulating the

discharge of Vendome Well without com-

promising the cultural or historical integ-

rity of the site. To that end, renovation of

Vendome Well began in October 1997.

A new well was drilled to a depth of ap-

proximately 229 meters (750 feet) at a lo-

cation approximately 9 meters (30 feet) to

the west and south of the original well

(Christensen 1998). The new well produced

water at a rate ofaround 3,800 liters per minute

(~ 1,000 g/min); taste and smell of the water

was similar to that issuing from the original

fountain. After ascertaining the suitability of

the new well, the original was plugged. In 1998,

flow was routed from the new well into the

existing fountain. Valves installed in the new

well will allow flow to be controlled in accor-

dance with management goals.

Long-term monitoring

In order to provide better information for

decision-making, the water resources man-

agement plan recommends that the Na-

tional Park Service implement a water

quantity monitoring program that includes

installation of flow gauges at each of the

recreation area's springs. Although the U.S.

Geological Survey maintains recording

gauges to measure stream flow, the loca-

tion oftheir equipment does not allow data

collection for individual springs. Such data

will be useful in determining a baseline flow

for each spring, establishing trends relative

to precipitation and other climatic factors,

and evaluating potential mitigation mea-

sures that can be initiated by the National

Park Service and surrounding water users.

Information concerning withdrawal rates

corresponding to artesian wells will also be

needed in order to create a comprehensive

water budget for the region, p
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Water quality issues

According to a 1997 report by the Na-

tional Park Service, surface waters

within Chickasaw National Recreation

Area and the surrounding region have

been significantly impacted by human ac-

tivities. The report noted that potential

sources of contaminants include munici-

pal and industrial wastewater discharges;

storm water runoff; agricultural, livestock,

and fish hatchery operations; oil and gas

development and residential develop-

ment; quarrying operations; recreational

use; and atmospheric deposition.

Screening tests performed on surface

waters in the Chickasaw NRA region

since the 1950s suggest that fecal coliform,

dissolved oxygen, copper, and chloride are

the parameters that fail to meet EPA
drinking water quality standards most of-

ten (Wikle et al. 1998). Additionally, Hill-

side Spring has had a long history of

intermittent bacterial contamination from

fecal coliform and fecal streptococci

(Wikle et al. 1998).

As with the water quantity concerns,

water quality issues are being addressed

through several project statements out-

lined in the Chickasaw Water Resources

Management Plan.
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Profile of the USGS Columbia
Environmental Reseanh Center

By March Kelly Meson

Editor's Note: This is the thirdprofile to

appear in Park Science ofa science and

technology center operated by the USGS
Biological Resources Division (see also

18(1):13-14 and 15(3):12-13). The

nationwide network of16 centers (a 17th is

soon to be added) was described in 15(2) :24-

26 ofthis publication and is detailed on-line

at http://biology.usgs.gov/pub_aff/

centers.html. Park managers with research

and technical assistance needs related to

environmental contamination and its effects

on habitat willfind useful expertise and

research activities described below.

Clean water resources and habi-

tat quality are essential for the

health of all living organisms,

a fundamental concept in the

mission ofthe Columbia Environmental Re-

search Center (CERC). The center provides

scientific information and data for the U.S.

Geological Survey and its clients, including

the National Park Service, needed to address

national and international environmental

contaminant issues and to assess effects of

habitat alterations on aquatic and terrestrial

ecosystems. The center has a unique capa-

bility for conducting both focused and large-

scale multidisciplinary research that includes,

but is not limited to, large-river floodplains,

coastal habitats, wetlands, and lakes. Empha-

sis is on projects that integrate scientific dis-

ciplines to address complex environmental

issues on large geographical scales. Scien-

tists at CERC form partnerships with na-

tional, state and local agencies,

nongovernmental organizations, and univer-

sities to enhance scientific information

needed for management of the nation's re-

sources.

CERC is one of 16 science centers in the

U.S. Geological Survey's Biological Re-

sources Division. Historically, the center

was established in 1959 at the Denver Wild-

life Research Center of the U.S. Fish and

Wildlife Service and was called the Fish Pes-

ticide Research Laboratory (FPRL). In

1966, the University ofMissouri deeded 33

acres to the Fish and Wildlife Service and

the FPRL moved to its present location.

The partnership initiated between the uni-

Figure I. Known as o semipermeable

membrane device or SPMD, this

sampling tool was invented at the

Columbia Environmental Research

Center and is deployed to collect in

situ contaminants. The device is a

"virtual fish, " mimicking the parts

of animals that cause contaminants

to bioconcentrate. It is a long, flat,

plastic tube that contains oil that

allows contaminants to pass

through, like membranes of animal

cells. The oil is similar to a highly

purified fish fat in which most

contaminants readily dissolve and

become concentrated, as if in the

fat of a fish.

versity and the laboratory in 1966 remains

strong today through a number of coopera-

tive research programs. The center was incor-

porated into the U.S. Geological Survey

Biological Resources Division in 1996. The

name of the laboratory was changed to

CERC in 1998. In addition to the main fa-

cility in Columbia, Missouri, CERC admin-

isters seven field research stations located

across the nation.

Center organization

About 150 federal and contract employ-

ees, with an extensive range ofscientific and

technical expertise, staff CERC. Research

areas and services cover broad aspects of

environmental toxicology and chemistry,

ecology, ecogeography, large-river ecology,

and information and technology transfer.

The center's science program is organized

into seven branches: Toxicology, Ecology,

Ecogeography, Environmental Chemistry,

Biochemistry and Physiology, Field Station

Research, and Information Transfer.

Environmental toxicology, is the func-

tional responsibility of the Toxicology

Branch. The branch scientists develop, ap-

ply, and validate methods for as-

sessing the effects of

contaminants and other environ-

mental stressors on aquatic or-

ganisms. Research focuses on

bioaccumulation and toxicity of

contaminants from water, sedi-

ment, and food; the physical, chemical, and

biological factors affecting these processes;

and relationships between laboratory re-

sponses and characteristics ofcontaminated

aquatic ecosystems. Disciplines include in-

vertebrate and vertebrate toxicology, lim-

nology and benthic ecology, and culture of

aquatic organisms.

Research ofthe Ecology Branch focuses

on understanding the effects of habitat al-

teration caused by environmental contami-

nation, physical destruction, eutrophication,

exotic species, and climate change on

aquatic systems. The ecological investiga-

tions are integrated with other biological,

chemical, and physical science programs

at CERC to provide a comprehensive un-

derstanding ofhabitat alteration on aquatic

populations and communities. The Ecology

Branch has laboratory, field, and mobile fa-

cilities to conduct ecological assessments

under controlled and natural environments.

The branch is extensively involved in co-

operative research with other federal, state,

and private institutions to meet the research

needs of client agencies, to develop stan-

dardized methods and guidelines, and to

Tuio CERC field research stations ire

closely allied with national park research

needs, and are located at MPS facilities

"CERC" continued on page 34
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"CERC" continuedfrom page 33

contribute to the basic scientific knowledge

concerning human impacts to natural sys-

tems.

The Ecogeography Branch investigates

the spatial and quantitative relationships

among the biotic and abiotic components

of the environment. The branch has exper-

tise in landscape analysis, landscape ecology,

fisheries biology, geographic information

systems (GIS) analysis, collection of geo-

graphic positioning systems (GPS) and

bathymetric data, hydraulic modeling, sta-

tistical consultation, geomorphology and

surficial processes, environmental monitor-

ing and risk assessment. Ecogeography sci-

entists are responsible for providing

information and technical support for the

development and use of digital databases

for natural resource planning and manage-

ment, and for conducting research at an

ecosystem scale. The USGS River Studies

Station (RSS), located at the center, is in-

cluded in the research program of the

Ecogeography Branch. The station's mis-

sion is to increase the understanding ofhow
management and restoration activities func-

tion on large-river systems through a com-

prehensive and integrated science approach.

River studies research emphasizes how
management changes in the physical and

chemical condition of rivers affect habitat

and ecological conditions. Areas of exper-

tise RSS include expertise in fisheries biol-

ogy, aquatic and terrestrial ecology, hydrology,

hydraulics, floodplain configuration and evo-

lution, remote sensing, and GIS.

The Environmental Chemistry Branch is

critical to the integrated approach ofchemi-

cal discovery and biological cause and ef-

fect (figure 1, page 33), the basis of

environmental contaminant research in the

USGS. Environmental chemistry research

encompasses all areas relating to environ-

mental pollution, including analytical meth-

ods development, fate of environmental

contaminants, development oftechniques for

defining bioavailability, bioconcentration

potential, and determining toxicological

significance of exposure to contaminant

residues. The branch conducts aquatic, ter-

restrial, and atmospheric ecosystem re-

search and collaborative projects with other

CERC scientists as an integral part of the

center's anticipatory research approach.

The branch provides environmental science

information to the public, other Depart-

ment of the Interior agencies, and the sci-

entific community through presentations

and scientific publications. The branch's

scientists are nationally and internationally

known for their research and are often con-

sulted by other researchers in environmen-

tal science.

The Biochemistry and Physiology

Branch conducts basic and applied research

at the cellular, organ, and organismal lev-

els in fish and wildlife. Emphasis is on the

sublethal effects of chemicals that lead to

behavioral, developmental, and population

changes that may ultimately influence eco-

system health. Scientists in the branch iden-

tify biochemical and physiological indicators

of individual toxicant stressors in addition

to overall physiological effects and toxicity

of complex chemical mixtures. Research

focus includes reproductive, developmen-

tal, and neurotoxic effects of stressors. The

branch develops and uses analytical tech-

niques such as microscale assay, cell bioas-

say, and immunoassay, to quantify exposure

and estimate toxicity in both lab and field

studies. In addition, branch scientists study

the mechanism (s) ofaction ofcontaminants

to develop and validate sublethal indica-

tors of chemical stress.

The Field Station Research Branch spe-

cializes in ecological and toxicological re-

search that is relevant to natural resource

issues in the Texas/GulfCoast, intermoun-

tain West, and Great Lakes/Great Plains

regions of the United States. Research sta-

tions are located in Corpus Christi, Col-

lege Station, and Padre Island, Texas;

Jackson, Wyoming; Yankton, South Dakota;

and International Falls, Minnesota. Scien-

tific expertise at the research stations in-

cludes marine ecotoxicology; sediment

toxicology; waterfowl and avian ecology;

wildlife ecology; ecotoxicology of mam-
mals, reptiles, and amphibians; sea turtle

ecology; assessment of acid or metals ef-

fects in native western fishes; natural re-

source damage assessments; agricultural

irrigation drainwater assessment; and

aquatic community evaluations of endan-

gered, native, and invasive fish species.

Capabilities include both laboratory and

on-site field assessments. Research activities

are conducted in collaboration with a wide

variety of federal, state, university, interna-

tional, and nongovernmental cooperators.

The Information Technology Branch is

dedicated to providing traditional and con-

temporary data distribution and manage-

ment systems to retrieve the most current

scientific information. An emphasis is

placed on the discovery, access, and full use

of information sources available through

the Internet and World Wide Web. The

center plays an active role in developing

the National Biological Information Infra-

structure, a network ofdistributed databases

and information sources for biological in-

formation. The branch organizes the ana-

lyzed and reported data collected in

research investigations and ensures rapid

dissemination of research metadata into

national databases. Emphasis is placed on

training and keeping research staff abreast

of rapid changes in computer technology,

coupled with increasing emphasis on in-

terdisciplinary science, information ex-

change, and multimedia presentations,

particularly over the World Wide Web. The

center's homepage can be viewed at http:/

/www.cerc.usgs.gov/.

Field stations located at national parks

Two CERC field research stations are

closely allied with national park research

needs, and are located at NPS facilities. Sea

turtle ecologist, Donna Shaver-Miller, con-

ducts sea turtle research along the Texas coast

at Padre Island National Seashore (see story

on page 16, this issue), and fisheries biologist,

Larry Kallemeyn, conducts fisheries research

on native and exotic fishes in lakes of Isle

Royale National Park, Michigan, and

Voyageurs National Park Minnesota.

Obtaining assistance

The Columbia Environmental Research

Center offers technical assistance in all of

its areas of expertise. If you have an envi-

ronmental problem you would like to dis-

cuss or need any information related to our

research efforts, we want to hear from you.

Ifyou have a national park research project

in which CERC can offer some expertise,

do not hesitate to contact us. For more in-

formation on contacts or on the areas of

expertise at CERC, consult table 1 or visit

the center's website, p
5

Marcia Kelly Nelson is the Outreach

Coordinatorfor the Columbia Environmental

Research Center. In addition to handling many

aspects ofexternal affairsfor CERC, which

includes intergovernmental affairs, shepromotes

science education and azvareness ofthe centers

role and activities. She can be reached at

CERC; USGS Biological Resources Division;

4200 New Haven Rd.; Columbia, MO 65201;

573-876-1875; tnarria_nelson@usgs.gov;

http://www.cerc.usgs.gov/.

34 Park Science



Table 1.

USGS Columbia Environmental Research Center contacts
1 Branth Reseanh Areas or Servites Ongomg/Retent NPS-Related Proje<ts I

Center Director Research and development planning and

Wilbur "Bill" Mauck coordination.

573-876-1900

bill_mauck@usgs.gov

Toxicology Assessing biological effects of contami-

Christopher G. Ingersoll, Branch Chief nants and other environmental stressors

573-876-1819 on aquatic organisms.

chris_ingersoll@usgs.gov

Ecology Understanding effects of habitat alteration Evaluation of ultraviolet radiation as a

Edward E. Little, Branch Chief caused by environmental contamination, factor in amphibian decline in montane

573-876-1817 physical destruction, eutrophication, habitats in Glacier, Rocky Mountain,

edward_little@usgs.gov exotic species, and climate change on Sequoia, and Olympic National Parks

aquatic systems. (Ed Little).

Ecogeography Investigations of spatial and quantitative Evaluating the links between tributary land use

Pamela S. Haverland, Branch Chief relationships among the biotic and and aquatic habitat quality on the Buffalo, Jacks

573-876-1841 abiotic components of the environment. Fork, and Current Rivers within park boundaries

pamela_haverland@usgs.gov in the Buffalo National River and Ozark

National Scenic Riverways (Robbjacobson).

Environmental Chemistry Encompasses all areas relating to environmen-

Jim D. Petty, Branch Chief tal pollution, including contaminant fate,

573-876-1824 development of analytical methods, techniques

jim_petty@usgs.gov for defining bioavailability, bioconcentration

potential, and determination of toxicological

significance of exposure to contaminants.

Biochemistry and Physiology Conducts research on the sublethal effects

Donald E. Tillitt, Branch Chief of chemicals that lead to behavioral,

573-876-1886 developmental, and population level effects

donald_tillitt@usgs.gov that ultimately influence ecosystem health.

Field Station Research Specializes in ecological toxicological Sea turtle ecology/recovery at Padre Island

Laverne Cleveland, Branch Chief research relevant to natural resource NS (Donna Shaver-Miller); aquatic community

573-876-1874 issues in the Texas/Gulf Coast, Intermoun- evaluations of endangered, native, and

laverne_cleveland@usgs.gov tain West, and Great Lakes/Great Plains invasive species at Isle Royale and Voyageurs

regions of the United States. NPs (Larry Kallemeyn); effects of geothermal

additions on the biology and distribution of

trout in the Firehole River of Yellowstone NP

(Dan Woodward); water quality investigations

in Garnet Canyon and lower Cascade

Canyon, and winter movements and habitat

use of Snake River cutthroat trout in Grand

Teton NP (Dan Woodward), contaminant

investigations in the food chain of peregrine

falcons in Big Bend NP and other areas of the

Chihuahuan Desert (Miguel Mora).

Information Technology Information management, library,

Ted R. Schwartz, Branch Chief technical editing, and computer support

573-876-1832 and applications.

ted_schwartz@usgs.gov
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Developing a plan for long-term ecological monitoring:
A focused workshop approach

Br Bruce Freet and Kenj Turner

Every day, resource managers

throughout the national park sys-

tem endeavor to fulfill the NPS
mandate to preserve park re-

sources. Yet, how do we measure and assess

our success in meeting this charge? Resource

conditions change over time due to the nor-

mal variation in the biophysical environment,

but are the resources in better or worse con-

dition during our tenure as stewards? Was the

change induced by human activities or by

"natural" processes?

Long-term ecological monitoring (ITEM)

is attempting to answer such questions. Em-
braced by the National Park Service under

its Inventory and Monitoring Program,

LTEM is a fundamental aspect of park re-

source management as it ultimately helps us

understand resource conditions. Parks desig-

nated as LTEM prototype parks have long

recognized the importance ofdeveloping con-

ceptual plans as an important first step in de-

termining what to monitor. Since we cannot

afford the time and money to monitor every-

thing, we need to identify the key indicators

ofchange or "vital signs" that we should con-

centrate on and which attributes to measure.

Recently, the LTEM concept has been

combined with the Pacific West Region's ini-

tiative to identify and monitor natural and

cultural resource vital signs. Vital signs are

reliable, early warning signals by which we
can measure and detect changes that will

impair the structure and functions ofecosys-

tems. During 1998, North Cascades National

Park Service Complex (Washington) and

Lake Mead National Recreation Area (Ne-

vada and Arizona) conducted workshops

with the goal ofdetermining methods for tak-

ing vital signs of resource condition and de-

tecting change over time. This effort can also

assist us in promoting a teamwork approach

to resource stewardship.

The North Cascades approach

North Cascades NPS Complex (includes

North Cascades National Park and Lake

Chelan and Ross Lake National Recreation

Areas) began the LTEM conceptual plan as

a logical step-down chart process, beginning

with the NPS mandate. Based on the man-

date and a guiding statement from the park's

enabling legislation "to preserve ... certain

majestic mountain scenery, snow fields, gla-

ciers, alpine meadows, and other unique natu-

ral features," we focused primarily on the

relationship ofmonitoring (figure 1) to broad

management responsibilities to conserve and

protect the scenery, natural resources, and

public use and enjoyment. A draft outline of

the conceptual plan was completed before

the workshop to provide the vision and foun-

dation for our deliberations.

To ensure that our LTEM workshop in

March 1998 was as productive as possible,

we formulated clear, concise objectives and

desired products before the gathering. Reed

Glesne, an aquatic ecologist on our staff and

Dave Peterson, an ecologist with the USGS-
BRD Forest and Rangeland Ecosystem Sci-

ence Center, developed four goals for our

conceptual step-down model and plan:

• Enhance basic resource knowledge

(baseline resource inventories)

• Determine status and trends in resource

condition (change over time)

• Utilize multiple indicators and metrics for

early detection

• Maximize the utility of existing monitor-

ing protocols and results

The specific workshop objectives were:

• Workshop participants will provide rel-

evant information and scientific literature

• The North Cascades NPS Complex staff

will review resource inventories and issues

• Scientists and resource management staff

will jointly select indicators (what) for the

early detection ofchange

• Workshop participants will justify why indica-

tors were selected and prioritize them, quantify

appropriate spatial and temporal scales (where

and when), and (3) recommend strategies and

metrics for implementation (how).

The workshop outcomes and products

were used to develop the LTEM conceptual

plan with prioritized resource management

plan project statements, update the park's

LTEM bibliography, and document work-

shop recommendations. This focused, prod-

uct-oriented approach allowed us to develop

a substantial amount ofwritten documenta-

tion over a short period of time, while di-

rectly integrating the LTEM plan with the

park's resource management plan.

Although most components of the LTEM
program emphasize natural resources, we also

included human resources and cultural re-

sources because of their direct link to natural

resources. Inventory, monitoring, assessment

ofresource conditions, and refinement ofman-

agement strategies are adaptive management

tools that the entire park staff-including hu-

man and cultural resource specialists-should

be using. Federal monitoring programs are of-

ten not viable, because political and manage-

rial priorities vary over time and divert funding

from critical monitoring activities. Ifwe incor-

porate LTEM programs with other park op-

erations, we hope that long-term monitoring

can become institutionalized and survive,

thereby producing useful time series of data

For example, the trail maintenance crew in

North Cascades has a strong environmental

ethic but no monitoring responsibilities. They

could monitor limits ofacceptable change'for des-

ignated trails and backcountry campsites (e.g.,

width oftrails, number ofsocial trails, soil bulk

density). We anticipate that our entire Resource

Management Division will have responsibili-

ties in the LTEM program, rather than having

a separate LTEM workforce. In fact, everyone

in the division wants to be involved, which

ensures ownership ofthe program by park staff

The direct interaction ofpark staffand sci-

entists before and during the workshop

helped to focus workshop activities on a pre-

determined model for the LTEM plan and

minimized discussions that were tangential

to objectives for developing the plan. To fa-

cilitate an efficient workshop, we spent con-

siderable time compiling information for

workshop participants, including summaries

of park resource issues, ecological processes

potentially affected by environmental stress,

potential monitoring parameters, criteria for

monitoring components, and criteria for

meeting monitoring goals. A conceptual

model for LTEM at the watershed scale was

developed and included in the workshop packet

Since then, Dave Peterson and Paige Eagle

have helped us develop and publish on-line

(www.nps.gov/noca/Ltem/Index.htm) the

entire LTEM conceptual plan, including step-

down charts, templates, and descriptions of

natural and cultural resources.
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Develop a Long-Term

Ecological Monitoring

Conceptual Plan

Design Pilot

Monitoring Studies

Develop a

Monitoring Program

Boundaries Inventories Monitoring

Components

& Workgroups

Monitoring

Components

Information

Management

System

Staffing

Local

Regional

Continental

Set limits on systems to monitor

physical boundaries

Maximimize statistical power on organism-

population-community ecosystem-landscape levels

Identify linkages among system

components

Geologic

Resources

Atmospheric

Resources

Aquatic

Habitats

Aquatic

Biota

Infrastructure

Plant Ecologist

Data Manager

Conservation

list

Aquatic Ecologist

- Offices

Laboratories

Transportation

Administrative

Support

L Communications

Terrestrial

Vegetation

Terrestrial

Fauna

Human

Resources

1
Cultural

Resources

Figure I. Development of an LJEM conceptual plan for the North Cascades complex grew out of the NPS

mandate and the park s originating legislation (part l-not shown). The step-down process led to

evolving criteria for meeting monitoring goals, shown in the chart (part II), and to identification of

eight principal resource components requiring long-term ecological monitoring.

Resource specialists on the park staff led

off the 2 1/2-day workshop with brief over-

views on specific park resources, including

summaries of existing inventories and data.

Workshop participants were divided into

eight work groups, each ofwhich addressed

a different topic: aquatic biota, aquatic habi-

tats, atmospheric resources, cultural resources,

geologic resources, human resources, terres-

trial biota, and terrestrial habitats (fig. 2, page

38). We employed facilitators-scientists Gary

Davis (Channel Islands National Park) and

Dave Peterson-who provided oversight of

workshop proceedings, kept discussions on

track, and ensured consistent output among

work groups. They also encouraged discus-

sions between work groups to ensure that ap-

propriate resource linkages were recorded.

Each work group had a subject-matter spe-

cialist as its team leader and a park staffmem-
ber as its recorder. This organization gave

specific individuals responsibility for group dy-

namics, focus, products, and documentation.

The work groups efficiently completed the

component identification template designed

by Lake Mead staffand developed them into

draft conceptual models. Each template ad-

dressed a single monitoring component and

detailed related information: (1) the moni-

toring/research questions to be addressed; (2)

stressors on the resource and any related fac-

tors; (3) what to inventory; (4) what to moni-

tor; (5) where to monitor; (6) justification for

monitoring the resource and other informa-

tion; and (6) potential partners. These draft

materials were subsequently sent to every

workshop participant for review and revision,

and the resulting draft was sent to subject-

matter experts for further review. We also

placed the draft LTEM plan on a website to

facilitate wider review. The entire process,

from planning through final product required

approximately a year. We may establish an

LTEM scientific review committee to help

us to stay focused on the vital signs, improve

data management and analysis, assure con-

nection to management issues, and promote

integration between various monitoring com-

ponents. Our resource management staff

should work closely with any committee to

assess how well the LTEM program is meet-

ing its objectives.

The Lake Mead approach

To guide the Lake Mead LTEM program,

we adopted the goal ofmaintaining vital signs

of ecosystem health within their "normal

range ofvariation." The goals ofour vital signs

workshop inJanuary 1998 were:

• Provide a peer review of the current re-

source management program

• Ensure that staff are knowledgeable of all

functions and processes necessary to main-

tain ecosystem integrity

• Provide direction for a long-term moni-

toring program for the assessment of re-

source conditions and ecosystem health

Similar to the North Cascades approach,

we spent considerable time planning for the

workshop. The planning team-Gary Davis;

USGS-BRD scientists Bill Halvorson,

Kathryn Thomas, and Peter Stine; and Dave

Van Cleeve (Superintendent, Colorado Desert

District, California State Parks)-met with us

to define goals, objectives, and products for

the workshop and LTEM program.

Approximately 50 scientists and resource

managers from a variety ofdisciplines around

the Mojave Desert attended the workshop.

Before the meeting, we provided each par-

ticipant with an informational package that

included a narrative on the workshop pro-

cess; park resource information; the Lake

Mead NRA conceptual ecological model; a

model ofthe recreation area's resource man-

agement program; a sample component iden-

tification template; examples ofvital signs and

criteria for their selection; and the final tem-

plates to be completed during the workshop.

Resource management staff described the

ecosystem model, outlining ecosystem com-

ponents, drivers (e.g., climate, fire, geologic

events), and stressors. We also presented a

model ofthe resource management program

at the recreation area, based on a previously

developed step-down chart. Invited scientists

gave presentations on selected features ofthe

ecology ofthe Mojave Desert and limnology

ofLake Mead.

We then divided into work groups that fo-

cused on air quality; groundwater hydrology;

the lake ecosystem; soils and related

microbiota; vegetation; and wildlife. The

groups were asked to identify (1) significant

ecosystem components not addressed in the

park's conceptual model; (2) anthropogenic

stressors affecting the ecosystem; (3) moni-

toring questions related to the stressors; and

(4) vital signs related to the stressors. Next

we prepared the standard template, docu-

menting over 80 vital signs during this pro-

cess.

The meeting summary was provided to

each participant for review. Following the first

comment period, the eight participating sci-

entists provided a peer review of the results.

We met with the peer review team in May
1998 to synthesize and integrate results, and

developed priorities and strategies for imple-

menting the long-term, vital signs monitor-

ing plan. With the help of the review team,

we established a framework for vital signs

monitoring, goals for the monitoring pro-

gram, an initial list of 15 high-priority vital

signs, and strategies for implementation.

This progression led us to establish three ma-

jor goals for long-term, vital signs monitoring:

"LTEM" continued on page 38
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"LTEM" continuedfrom page 37

• Preserve underlying ecosystem integrity

(ecosystem health)

• Understand the ecosystem, based on

knowledge of resources

• Practice management performance moni-

toring (expected vs. actual results, refined

through adaptive management). This goal

includes compliance monitoring (mandated

or special interest species), and monitoring

to maintain the quality ofvisitor experiences

(e.g., dark night sky, water clarity)

To implement long-term monitoring, we
outlined a four-tier framework where tier 1

addresses those functions or processes related

to maintaining ecosystem productivity (e.g.,

soil fertility, hydrological functions). Tier 2

applies to the maintenance ofecosystem health

(e.g., plant community structure), and tier 3

relates to maintenance ofbiodiversity (species

distribution and abundance). The quality of

the visitor experience, and visitor interactions

with the resource are outlined in tier 4.

Implementation strategies blended various

approaches to monitoring with opportuni-

ties for interdisciplinary monitoring. They

include monitoring a transect of intensive

plots (leading to greater understanding and

indices for predictive modeling) and exten-

sive plots (greater spatial coverage); stratifi-

cation of the park by soils and vegetation

maps; change-detection monitoring (rapid

assessment); and employing variable-return

intervals. The use of interdisciplinary moni-

toring leads to the integration of vital sign

components, providing more detailed under-

standing and greater efficiency. For example,

we are considering establishing intensive plots

that would combine monitoring ofsoil prop-

erties, nitrogen deposition, alien flora, inver-

tebrates, and small mammals.

We are working with USGS-BRD staffto

develop monitoring protocols for soils moni-

toring. We are also seeking funding to de-

velop an interdisciplinary monitoring

protocol (including hydrology, vegetation,

birds, invertebrates, and amphibians) and a

lake ecosystem/limnology protocol as our

highest priorities.

Lessons and recommendations
North Cascades NPS Complex and Lake

Mead NRA agree on the general approach

to developing a long-term ecological moni-

toring plan, despite differences in biogeo-

graphic setting and in monitoring objectives.

Both parks used a similar approach for plan-

ning, conducting, and summa-

rizing the results ofworkshops.

Each park ended up with a de-

tailed, scientifically based plan

that will guide future monitor-

ing efforts.

We found that a 2^-day, fo-

cused workshop is a time-effi-

cient and cost-effective means

of developing a long-term

monitoring plan. However,

workshops are successful only

if they are highly structured

and well organized. We at-

tribute the success ofour work-

shops and subsequent

monitoring plans to:
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• extensive planning before

the workshop, in which ex-

isting inventories, data, and

issues were compiled;

• development ofconceptual models to rep-

resent various park ecosystem functions

and potential monitoring strategies;

• assemblage of all resource baseline inven-

tories and selected presentations;

• clear statements ofobjectives and expected

products for the workshop and monitor-

ing plan, as well as a statement of man-

agement objectives and priorities;

• use offacilitators and focused work groups;

• use ofa component identification template,

which provided a consistent format for

recording information and ideas;

• thinking in terms of monitoring suites of

species, attributes, or their habitats;

• prompt synthesis and integration ofwork-

shop results, followed by additional scien-

tific review;

• long-term commitment by park staff and

a scientific-review team.

The importance oflong-term commitment

cannot be overstated. Monitoring responsi-

bilities must be formally integrated with the

resource management plan and operationally

integrated with day-to-day resource manage-

ment activities. Personnel and priorities may

change over time, but park staff must have

full participation in the development and

implementation of the monitoring plan and

data collection.

North Cascades NPS Complex included

cultural resources and human resources work

groups within its LTEM program, while Lake

Mead NRA did not. Although the concept

of vital signs monitoring is better suited to

natural resources, we need to consider how

Figure 2. The North Cascades work groups developed a complete set of

conceptual models for monitoring various park resources, including

aquatic biota. The entire set of models is posted on the North Cascades

website (www.nps.gov/noca/ttem/lndex.htm) along with the

component identification templates. The templates identify what to

monitor for each resource. For example, the key indicators or vital signs

for phytoplankton are abundance, species composition, and chlorophyll.

assessments ofcultural and natural resources

can be integrated in a common framework

Parks that are planning long-term monitor-

ing programs need to develop means to con-

sider both cultural and natural resources in

order to meet NPS Organic Act, General Au-

thorities Act, National Historic Preservation

Act, and Government Performance and Re-

sults Act requirements.

With the threat of increased environmen-

tal stress in many ofour parks and protected

areas, a long-term monitoring plan is one of

the cornerstones of a sound resource man-

agement program. While there are many

ways to develop a monitoring plan, our suc-

cessful application of a similar workshop-

based strategy suggests that this approach

may lead to a favorable outcome, the devel-

opment ofa plan, and ultimately implemen-

tation of a monitoring program. Since our

workshops in 1998, an additional six parks in

the Pacific West Region have held similar vi-

tal signs workshops, with five more planned

in fiscal year 2000. We offer our approach as

a potential model for application in other

parks that are interested in developing moni-

toring plans. We solicit your comments on

how this approach can be improved, p

Bruce Freet is ChiefofResource Management

at the North Cascades NPS Complex and can

be reached at 360-856-5700, x 376;

brucejreet@nps.gov. Kent Turner is Chiefof

Resource Management at Lake Mead National

Recreation Area (702-293-8941);

ke7it_tunier@nps.gov).
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Protected areas, science, & the 21st century

Br John J. Reynolds and ChrisiikM. Schoniwald, Ph.D.

Editors Note: Thefblloiving is an edited

excerptfrom apresentation by John Reynolds,

Pacific West Regional Director, given at the

ThirdInternational Conference on Science and

die Management ofProtectedAreas (SAMPA
III) in Calgary, Alberta, on 16May 1997.

Coauthoredby Christine Schonewald, Research

Scientist with the USGS Biological Resources

Division, these thoughts, as the title suggests,

are relevant at the millennium.

Science will and must occupy a crucial

center in the management ofprotected

areas in the future. Our paper does not fo-

cus on the biological or physical sciences.

It would have, even a decade ago, maybe

even five years ago. Rather, it focuses on

the interests ofpeople and their values, and

the need to bond protected areas to the so-

cieties within which they exist. This turns

the early 20th century idea of "boundary"

inside out-no longer is a boundary a line of

certain demarcation (i.e., if a resource lies

inside the boundary, it is protected and we
will do the protecting). No, today a bound-

ary must be seen as something like a "diffu-

sion filter." But what a change! To a tradi-

tionalist, this sounds weak, puny, almost like

giving up.. . . But our societies interact with

our protected areas in ways Frederick Law
Olmsted might not be surprised about, but

many protected area managers would be.

What a change!

There is a paper at this conference that's

different than all the rest There's a brave

soul out there who's on to something and

has guts enough to face his peers with it.

The title is "A fuzzy framework for managing

landscape modeling concepts." Fuzzy logic in

protected area management? What's next?

Well that's next Listen to some ofhis ab-

stract: "Imprecision, nonspecificity, vagueness,

and inconsistency are considered undesirable

features when trying to define policies or

implementations," and "much ofthe logicused

in human reasoning is a logic with fuzzy truths

and fuzzy rules of inference."

Does that ring true for managing pro-

tected areas? Havingjust finished three years

as Deputy Director ofthe National Park Ser-

vice, it sure rings true for me! There wasn't

a park issue that I dealt with that was pre-

cise, specific, defined, and consistent, and

the superintendents didn't think so either.

So what about science in this kind of

world with fuzzy logic, chaos theory, and

diffusion filters? We need an explosion in

capability. Our technical knowledge must

get better. We have to define our technical

research more clearly. We must monitor

well, keep records well, and analyze the

changes well-no difference from a decade

ago. We have to do it better, not only so we

know what we are talking about but also so

those through the diffusion barrier receive

us with credibility, and we communicate re-

sults so that they can understand them.

Who's out there through the diffusion fil-

ter? What are their values? Do we under-

stand them? Do they understand us? After

all, what Teddy Roosevelt's peers thought

about parks may not be what the popula-

tion today feels. We have to know, and we
have to relate our values to their needs for

the future, and help them have the range of

information so they can choose wisely. So,

science about people, about vox populi, and

the science ofeducation ofthose whom we
serve are essential.

Ifwe are interested in protecting biologi-

cal diversity and in ecosystem management

the Organic Act (1916) provides a good re-

minder. It reminds us that protection is as-

sociated with some sort of social pleasure,

and that social pleasure, or satisfaction, is

essential to the survival of these areas. So-

cial pleasure or satisfaction includes, but is

more than just direct interaction with, park

resources. In a larger sense, it directly im-

plies a cohesive acceptance throughout so-

ciety that parks are of value. Can there be

any doubt that the 2 1st century will bring

more controversies and problems? We will

still be asking: how do we interpret the pro-

tection process, how does it affect human

behavior, and how does it affect our eco-

systems and cultures? Finally, we need pro-

tected area managers who are creative and

can take good biological, physical, landscape,

ethnographic, historical, paleontological, so-

cial, economic, and political sciences and use

them in ways that few have the temerity, guts,

or intellect to even try today.

Creativity based on good information of

all kinds will be the basic requirement of

the future. The logic will be fuzzy, the is-

sues imprecise and vague, and the bound-

aries more diffuse than ever.

It's a huge challenge, but an exciting

world, don't you think?

"Ridleys" continuedfrom page 17

shore could someday become one of the

most successful endangered species resto-

ration projects ever conducted by the Na-

tional Park Service and its partners, p

Donna J. Shaver (donna_shaver@usgs.gov)

is the Station Leader ofthe U.S. Geological

Survey Padre Island Field Station at Padre

Island National Seashore. John E. Miller

(Jemiller@trip.net), is theformerNPS Chief

ofScience, Resources Management, and
Interpretation at Padre Island National

Seashore.
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Meetings of Interest

March 13-17, 2000

May 14-19

May 16-18

October 16-20

The NPS Pacific West Region will host West by

Northwest 2000 in San Diego, California. The

gathering will explore interdisciplinary management of

parks and their resources with a specific look at natural

and cultural resources stewardship and interpretation.

Workshop themes include innovative program resolution, park futures and a

changing public, and leading the way in resource stewardship. Contact Erv

Gasser (206-220-4263), conference chair, for further information.

The Fourth International Conference on Science and the Management of

Protected Areas (SAMPA IV) will be held at the University ofWaterloo,

Ontario, Canada. Held every three years, the international conference attracts

a diverse group of parks and protected areas professionals, academics,

researchers, managers, and members of nongovernment groups. Entitled

Learningfrom the Past, Looking to the Future, SAMPA IV offers international

plenary speakers, a wide variety of presentations and posters on contempo-

rary issues, and educational field trips. Two major themes are planned: (1)

regional approaches to planning and (2) research on both land-based and

marine protected areas. Details ofthe conference, its programs, field trips,

accommodations, and registration are available on the SAMPA website at

http://landscape.acadiau.ca/sampaa/confpage.htm or by calling 519-622-

9362.

The Third Conference on Research and Resource Management in the

Southwestern Deserts will be held in Tucson, Arizona. Exploring the theme

Creative Cooperation in Resource Management, the conference will feature

papers and posters that tell of interagency collaboration in land use, research,

resource management, and interpretation. Goals ofthe event are (1) to

improve the preservation of natural and cultural resources through enhanced

understanding ofcontemporary research and resource management chal-

lenges and (2) to achieve better cooperation through discussion ofboth

ongoing and needed research. Abstracts for papers and posters will be

accepted until January 14. Further information is available at

www.srnr.arizona.edu/nbs, the home page of the USGS Sonoran Desert

Field Station. Conference chair is Bill Halvorson (halvor@srnr.arizona.edu;

520-670-6885); registration coordinator is Lee Benson (602-640-5250, x 236;

lee_benson@nps.gov).

The Natural Areas Association is planning its 27th annual conference,

Managing the Mosaic: Connecting People and NaturalDiversity in the 21st

Century, to be held in St. Louis, Missouri. Celebrating the bicentennial of the

Lewis and Clark Expedition, the banquet address will explore the historical

and future implications of their trip, while plenary and concurrent sessions

will focus on different aspects of biodiversity and how humans fit into the

new century of management. Session topics planned include: insects in

natural communities; economic values of natural diversity; monitoring;

ecoregional planning; conserving caves, streams, and urban lands; partner-

ships; and many others. Further information is available from the Natural Areas

website at www.natareas.org ("conferences" link) or from conference coordinator

Kate Leary (573-75M115, x!83; learyk@mail.conservation.state.mo.us).

*Readers with access to the NPS Natural Resources Intranet Website can view a comprehensive listing of

conferences and meetings at http://wwwl.nrintra.nps.gov/ (click "conferences and meetings").
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A so<ioe<onomi< atlas for park

By Jean McKendry and Nina Chambers

The natural and cultural land-

scapes adjacent to national

park system units are experi-

encing dramatic change.

Many parks once considered remote and

distant from cities are now surrounded

by an expanding urban and suburban ma-

trix; parks in rural areas often attract gate-

way community development. For

example, the Seattle, Washington, metro-

politan area has expanded eastward to-

ward Mount Rainier National Park;

Tucson, Arizona, abuts Saguaro National

Park; roads through Manassas National

Battlefield Park in Virginia have become

key commuter routes to and from Wash-

ington, D.C.; and Jackson Hole, Wyoming
is a growing gateway community adja-

cent to Grand Teton National Park.

Changing activities and socioeconomic

conditions in regions adjacent to park units

can affect resources and visitor use within

these parks. For example, increased de-

velopment can lead to habitat fragmenta-

tion, contribute to degraded air and water

quality, and intrude on historic settings

and scenic values. Approximately half of

the 62 park units that requested new gen-

eral management plans in FY 1999 were

"seriously concerned about changes in

surrounding land use" (Associate Direc-

tor 1998). Population changes related to

growth, aging, immigration, and mobility

can alter traditional visitor use patterns and

shift impacts on resources and demands

for interpretive and recreation services.

Hence, park managers need systematic

information about contemporary condi-

tions and trends in human activities-so-

cioeconomic trends-in the regions that

surround individual units. Such informa-

Harpers Ferry NHP

Mount Rainier NP

tion can be used to anticipate and help

address complex park management chal-

lenges that originate outside park bound-

aries. Maps are powerful tools to help

managers visualize spatial

patterns related to these so-

cioeconomic trends (Machlis

and McKendry 1996). For

example, a map that shows

projected population change

in a broad region surround-

ing a national park also re-

veals where development

will likely occur, and where

park managers might ac-

tively collaborate in land-use

planning decisions. A collec-

tion of maps of regional so-

cioeconomic trends (i.e.,

related to population, re-

source use, commerce, land

use, and so forth) can be or-

ganized into an atlas. Such

an atlas can contribute to a

better understanding of the changing

character of adjacent lands and potential

impacts on national parks, and provide

managers with a critical planning, man-

agement, and public participation tool.

Regional socioeconomic atlases for park

management may be valuable and neces-

sary. This article describes a project that

was recently initiated by the NPS Social

Science Program to develop such an atlas.

Objectives and criteria

The objectives of the atlas project are

to: (1) develop a prototype atlas of regional

socioeconomic trends; (2) test the atlas at

four units of the national park system;

and (3) evaluate the usefulness of the pro-

totype atlas through a review by superin-

tendents, resource managers, and others.

Each atlas should: (1) provide usable

knowledge to park managers; (2) be cost-

effective and efficient, with limited impact

25 miles

Joshua Tree

Ison's Creek 1m
30 miles

Figure I Regions of interest for the four pilot parks include

aggregates of counties and were selected by park staff.

on park staff; (3) include the best avail-

able data sets from public and private

sources that are easily updated in the fu-

ture; and (4) include standard data sets

that will allow comparisons among parks

at the cluster, regional, and national lev-

els. Using these criteria, a regional socio-

economic atlas for park management could

potentially be developed for any unit.

Progress in developing the atlas

Four units were invited to serve as pi-

lots for the project: Harpers Ferry Na-

tional Historical Park (West Virginia),

Joshua Tree National Park (California),

Mount Rainier National Park (Washing-

See 'Atlas" on page 13
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one that is not part of the special emphasis on the social sciences.

Spedal issue, guest editor

This is the first issue of Park Science in nine years to explore in depth a

specific resource management issue or related field of research. Let

me thank our guest editor, Jared Ficker, for pulling together the feature

articles for this issue and presenting several contemporary applications of the social

sciences in park management. You'll note, however, that the publication's depart-

ments and the update on the National Natural Landmark Program represent Park

Science "business as usual" and have not been tailored to reflect the social science

emphasis. If you have a proposal for a special issue and would like to serve as guest

editor in the future, please let me hear from you. Happy reading!

-Jeff Selleck, Editor

Park Science



Applying the sotial stientes

This special issue of Park Science demonstrates the

diversity of the social sciences and their contribu-

tion to park management. Increasingly, park and

resource managers are faced with issues that require so-

cial science research. Such issues include development

adjacent to parks, public participation in park manage-

ment decision making, visitor perceptions of their experi-

ence, socioeconomic impacts of park management
decisions, urban park problems, demographic trends, and

program evaluation, among others. There are a growing

number of social science researchers, primarily at univer-

sities, who are working closely with managers to deliver

"usable knowledge" to address these issues. Social science

disciplines such as economics, geography, political science,

psychology, and sociology are providing useful insights to

managers. This special issue highlights ongoing social sci-

ence research in the national park system and discusses

opportunities for new research.

Balancing use and preservation are decisions made by

park personnel everyday. Park managers can attest to the

growing complexity of the National Park Service mission-

to preserve park resources unimpaired and provide for

public use and enjoyment. This balance is often contro-

versial and difficult, especially with limited information and

increasing threats to the quality of park resources. Under-

standing the relationship between people and parks is es-

sential. Social science research is a tool park managers

can use to help provide useful information to achieve their

goals. This issue of Park Scietice is intended to familiarize

readers with the breadth of social science contributions to

park management. It contains a sampling of social science

research; however, there are many other social science

projects occurring throughout the national park system.

I encourage you to consider how the research presented

in this issue can be applied to your park or program. The
National Park Service Social Science Program can assist in

connecting park managers with researchers to address

social science research needs. As park managers are faced

with increasing controversy, particularly in working with

diverse stakeholders, social science research will likely play

an important role in decision making. I recall a conversa-

tion I had with Wayne Brewster (Yellowstone National Park)

last year. Brewster attributed much of the success of the

wolves reintroduction in Yellowstone to an early invest-

ment in social science research. At Yellowstone, the biologi-

cal research ofthe reintroduction program was complemented

by social science. Perhaps other natural science research ef-

forts could also benefit from such a social science comple-

ment. I hope you enjoy this social science special issue of

Park Science. While I served as guest editor, the efforts and

contributions ofNina Chambers, Gary Machlis, andJeffSelleck

were all essential to this special issue.

-Jared D. Ficker

NPS Social Science Program

(jared_ficker@nps.gov)

News & Views

Correction
The website address

given for the white-tailed

deer bibliography in the

December 1999 issue ofPark

Science (19[2]:9) was in error. The

"c" was left off"pwrc," which stands

for Patuxent Wildlife Research Cen-

ter, the website host. The correct

address is www.pwrc.usgs.gov/

library/bibs.htm.

Tumor rumor
The editor received a brief un-

signed note that pointed out an

error two issues ago in the article

entitled "Persistent expression of

rumors in Lake of the Arbuckles

gizzard shad" (19[l]:34-36). The

note refuted the claim that "can-

cer in fishes has been previously

reported at various locations in

North America . . . but never in a

national park." It asserted that gray

(mangrove) snapper with tumors

have been recorded in the waters

of Dry Tortugas National Park

Dr. Robert Werner, Director of

the Department of Laboratory

Animal Resources at Florida State

University, has been studying fish

with tumors and other abnormali-

ties from south Florida waters, and

elaborated on the facts in an e-

mail exchange with the editor. Dr.

Werner reports that subcutane-

ous tumors, primarily single, but

occasionally multiple, have been

tentatively diagnosed as neurofi-

broma in gray snapper (Lut/anus

griseus) from Florida waters, in-

cluding those ofDry Tortugas Na-

tional Park. A moat surrounding

Fort Jefferson in the national park

that harbors a semi-isolated popu-

lation ofthe fish species was moni-

tored every six months from

August 1995 to August 1997. The

tumor prevalence at this site

ranged from - 4.9% over the

three-year study.

Dr. Michael Schmale of the

University of Miami's Rosenstiel

School of Marine and

Atmospheric Sciences

also participated in the

study. He reports that

gray snapper with tumors have

also been documented in Biscayne

National Park While this study has

not been published in a scientific

journal, Schmale has published in

several journals about his work on

cancerous tumors in bicolor darn-

selfish that were collected in both

Biscayne and Dry Tortugas Na-

tional Parks 1

. Regarding the geo-

graphical error in Park Science,

Schmale stressed that "oftentimes

scientists do not realize which pub-

lished studies were carried out in

national parks because [this infor-

mation] is not normally mentioned

in the professional literature."

William B. Robertson II

RoneeringEverglades scientistand

ornithologist, William B. Robertson

H, died at his home in Homestead

Honda, in January. He was 75.

Robertson was a graduate stu-

dent in 1950 when he came to the

Everglades to study the park's breed-

ing birds. The following year, he

was hired by the Park Service and

began a 46-year federal career

studying the ecosystems of south

Honda. His research on wildfire dur-

ing the 1950s was revolutionary and

paved the way for incorporating fire

in the management of the park's

pinelands and grasslands. His work

was also influential in changing the

way park managers across the na-

tion view the ecological role offire

Robertson was dear to his col-

leagues, who often called him, sim-

ply, 'Dr. Bill." Gary E. Davis, NPS
Senior Scientist at Channel Islands

National Park (CA), summed up

his passing this way: 'We can all

learn from his farsighted examples

of thoughtful study and compas-

sion for nature. The clarity of his

vision and depth ofhis understand-

ing will be missed." p

'For example: Schmale, M. C. 1991. Prevalence and distribution patterns of

tumors in bicolor damselfish (Pomacentrus partitus) on south Florida reefs.

Marine Biology 109:203-12.

Volume 2 O - N o. 1



Highlights

Allegheny-Chesapeake

Fort Necessity restoration

begins

Tucked away in the Allegh-

eny Mountains of western

Pennsylvania is a small patch

of land where the first shots

of the French and Indian War

were fired. Today the site is

known as Fort Necessity Na-

tional Battlefield, and a new ef-

fort is under way to restore the

park to its 1754 historic scene.

The National Park Service is

assisted by Peggy Johnson

(paj6@psu.edu), Associate Pro-

fessor of Civil Engineering at

Pennsylvania State University,

who will lead the portion of

the project that involves resto-

ration of the stream that runs

through the park. "Over the

last 200 years there have been

a lot of changes made to that

piece of land," Johnson says.

John Karish, Chief Scientist

with the NPS Philadelphia Sup-

port Office, says, "A lot has

happened to that land since the

battle was fought in 1754. It

became a farm, the stream was

dredged and straightened, and

some land was drained."

Johnson explains that the site

was originally a natural mead-

ow fed by a winding stream.

When the land was turned into

a farm, the stream was

straightened and drain tiles

were installed to dry out the

marshy stream.

Johnson's yearlong mission

will be to assess the park's cur-

rent conditions and make rec-

ommendations on how best to

restore the meadow so that it

will look more like it did in

Washington's time.

The battle at Fort Necessity

occurred on July 3, 1754,

marking the beginning of the

French and Indian War where

the English and French battled

for control ofthe North Ameri-

can continent. The war ended

with the French expulsion from

North America in 1763.

"Washington originally

chose that site because it was

one of the few areas where he

could build a fort and see the

area around him," Karish says.

The site, also known as the

Great Meadows, was described

by Washington as "a charm-

ing field for an encounter."

The fight marked Washing-

ton's first major military en-

gagement and the only time he

ever surrendered to an enemy.

Birds surveyed at Pennsyl-

vania parks

Large tracts of public land,

such as national parks, have

become more isolated because

of increased development and

urbanization, changing land

uses, and habitat fragmenta-

tion within the eastern United

States. These tracts of land are

valuable for the long-term

maintenance of biological di-

versity and the functional in-

tegrity of ecosystems.

Therefore, the National Park

Service has determined the

need for in-depth inventorying

and monitoring of animals and

plants within national parks

and historic sites in Pennsyl-

vania. The Park Service, in con-

junction with Pennsylvania

State University, is conducting

a comprehensive inventory

program for birds at Allegh-

eny Portage Railroad National

Historic Site, Eisenhower Na-

tional Historic Site, Gettysburg

National Military Park,

Hopewell Furnace National

Historic Site,Johnstown Flood

National Memorial, and Valley

Forge National Historical Park.

The objectives of this re-

search project are to obtain a

comprehensive inventory data

set on birds at the parks and

to develop guidelines for es-

tablishing a long-term sam-

pling plan to monitor birds at

the parks. To meet

these objectives, two

years of bird surveys

are being conducted at

the parks using standard

methodology. Bird surveys

will be based on special needs,

taxonomic groups of interest,

habitats, and the infrastructure

of each park. Ultimately,

guidelines for establishing

long-term sampling plans to

monitor birds based on these

inventories will be developed.

Selecting protocols to survey

birds, establishing permanent

sampling points, and collect-

ing data on bird populations

will lay the groundwork for

developing a long-term sam-

pling plan to monitor birds at

the parks.

Researchers completed

breeding season and fall-migra-

tory bird surveys between 25

May and 10 October 1999

(table 1), and also conducted

inventories ofwinter bird com-

munities at the six parks. Re-

searchers also recorded a total

of 15 species during the breed-

ing season and 14 species dur-

ing fall migration that have been

identified as birds of manage-

ment concern by the National

Audubon Society and the U.S.

Fish and Wildlife Service (table

2). Bird inventories for the re-

search project will continue to

w

be conducted during

^ all seasons through

spring of 2001. Infor-

mation on bird com-

munities obtained from

the research and guidelines

for continuing the bird inven-

tories will be valuable for moni-

toring bird populations and for

sampling specific taxonomic or

functional groups of birds

within units of the national

park system in Pennsylvania in

the future.

Reptiles, amphibians, and
invertebrates inventoried

Researchers at Penn State

University-Katharine L. Derge

(kld8@psu.edu), Richard H.

Yahner, Ke Chung Kim, and

John R. Grehan-in coopera-

tion with NPS natural resource

staff, are conducting a two-

year inventory of reptiles, am-

phibians, and terrestrial

invertebrates at Gettysburg

NMP and Eisenhower NHS.
The inventory is part of the

NPS Inventory and Monitor-

ing Program, and is being

funded both by it and Eastern

National Parks and Monu-
ments Association. The data

will be used to evaluate the im-

pacts of proposed landscape

rehabilitation outlined in the

new general management plan

for Gettysburg.

Table 1.

Number of bird species detected
during the 1 999 breeding and fall

season surveys at six units of the
national park system in Pennsylvania

Park Unit Number of Bird Speties

Breeding Season Fall Migration

Allegheny

Eisenhower

-"ortage

NHS
NHS 53

65

45

48

Gettysburg NMP
urnace
:lood N

82 74

Hopewell F

Johnstown

NHS
M

64
47

46
33

Valley Forge NHP 83 74
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Inventory sites for reptiles

and amphibians are distributed

throughout the parks in a va-

riety of habitat types. These

sites have been and will con-

tinue to be visited regularly

over the two-year period and

surveyed using standardized

methods in order to calculate

relative abundances of species

found and analyze habitat re-

lationships. Methods of inven-

tory include natural substrate

searches, artificial cover

boards, trap and release, and

frog and toad calling surveys.

In addition to the standardized

sites and methods, researchers

are canvassing the parks with

general searches to document

the presence of as many spe-

cies as possible. In the first

year (1999) of the survey, re-

searchers documented 26 spe-

cies of reptiles and amphibians.

One species of frog was not

previously recorded in the

park or the county.

Lepidopterists from Penn

State collected butterflies and

skippers from a series of sites

in the parks in 1999. The col-

lection contains 28 species of

butterflies, one of which, the

Baltimore (Euphydryas phaeton

Drury 1773), is found only in

wetland habitats. Surveys in

the second year will target ad-

ditional areas and particular

species that have not yet been

documented but are likely to

occur.

At two forested sites, the re-

searchers spent a week col-

lecting invertebrates from as

many microhabitats as pos-

sible. They used a combination

of 12 different trapping meth-

ods in order to capture inver-

tebrates from each part of the

forest, including the soil, leaf

litter, trunks of trees, air, and

canopies of trees. Work is now
concentrated in the museum,

where entomologists are iden-

tifying the more than 22,000

specimens collected, repre-

senting 30 orders.

At the conclusion of data

collection and analysis, the

parks will have species lists, dis-

tributional data and maps, rec-

ommendations for long-term

Table 2.
Bird species of management concern identified during
the 1 999 breeding and fall seasons at Allegheny Por-
tage Railroad National Historic Site (ALPO), Eisenhower
National Historic Site (EISE), Gettysburg National Mili-
tary Park (GETT), Hopewell Furnace National Historic

Site (HOFU), Johnstown Flood National Memorial (JOFL),
and Valley Forge National Historical Park (VAFO)
Bird Speties

Black-throated blue warbler 1

Blue-winged warbler2

Canada warbler'

Cerulean warbler 12

Chestnut-sided warbler2

Eastern meadowlark2

Field sparrow 1,2

Grasshopper sparrow2

Kentucky warbler 1

Loggerhead shrike23

Louisiana waterthrush 12

Northern flicker
2

Prairie warbler 1

Red-headed woodpecker2

Red-shouldered hawk 2

Veery2

Wood thrush 1

2

Worm-eating warbler12

Breeding Season

ALPO
GETT, VAFO

ALPO, JOFL

EISE, GETT, JOFL, VAFO
All parks

EISE, GETT, VAFO
VAFO
EISE

ALPO, HOFU, VAFO
Allparks

GETT

EISE, GETT, HOFU

HOFU, VAFO
All parks

EISE, HOFU, VAFO

Fall Migration

ALPO, GETT, HOFU, VAFO

ALPO
HOFU
ALPO, EISE

EISE, GETT, VAFO
ALPO, EISE, GETT, JOFL, VAFO
GETT

ALPO, EISE, GETT, JOFL, VAFO
GETT, VAFO
EISE, GETT

EISE, JOFL

ALPO, EISE

ALPO, GETT, HOFU, JOFL, VAFO

HOFU, VAFO

1

Listed on the 1999 State Watchlist for Pennsylvania by the National Audubon Society.
2
Listed as a species of management concern in the Migratory Nongame Birds of Manage-
ment Concern for 1995 released by the United States Fish and Wildlife Service.

3
Listed as state endangered by the Pennsylvania Game Commission.

monitoring strategies, as well

as comments on the impacts

of landscape management on

the targeted fauna. Results

from the inventory will be sub-

mitted for publication in a fu-

ture issue of Park Science.

National Capital

Interagency cleanup of a

former Army camp at

Oxon Run
Bullets, munitions, and lead-

contaminated soils are part of

the World War I Camp Simms

legacy for Oxon Run Parkway

in Washington, D.C. To ad-

dress this restoration chal-

lenge, a joint effort by the

National Park Service, U.S.

Army Corps of Engineers

(COE), and USDA National

Resource Conservation Service

(NRCS) utilized restoration

techniques to mitigate soil con-

tamination and erosion in a

rare and sensitive natural area.

Oxon Run Parkway is a stream

corridor park that contains sev-

eral northern magnolia bogs

and a rare wetland complex,

the only such example in the

national park system.

The discovery of an un-

exploded mortar shell during

a 1994 survey for a city sub-

way began a two-year effort

by the Corps of Engineers that

located and removed over two

dozen unexploded ordnances.

Careful coordination with Na-

tional Park Service, community

leaders, and local emergency

preparedness organizations pro-

tected public safety and sensi-

tive natural areas.

The National Park Service

contracted the Natural Re-

source Conservation Service to

propagate plants from seed,

spores, and cuttings taken

from the site. Munitions re-

See "Highlights" on page 6
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"Highlights" cont'dfrom page 5

moval holes were refilled with

their soil, and the vegetation

recovered passively. However,

the restoration of larger distur-

bances, such as access roads

and construction areas, required

planting with site-collected ma-

terials grown by the Natural Re-

source Conservation Service.

One ongoing 1999-2000 res-

toration project involves an ap-

proximately 0.5-ha (1-acre)

former rifle range with substan-

tial lead-contaminated soils left

from years of target practice.

Bullet casings wash down slope

where they are easily collected

by local children, creating a pri-

mary public safety problem.

Standard EPA mitigation pro-

cedures for this steep, eroded

hillside would involve trucking

away tons of contaminated soil,

which would threaten rare plant

communities. However, the

EPA analysis found that the lead

was tightly bound to the soil

with little migration through

groundwater to the adjacent

creek and sensitive wetlands. It

supported the NPS decisions to

stabilize and revegetate the erod-

ing area despite the proposed

COE engineering solution of

cement and stone terraces. A
cap of coconut "bio-logs" and

matting sculpted to fit tightly

over the site's topography holds

down imported topsoil and cov-

ers the bullet casings (figure 1).

The local rain of seeds from the

surrounding native communities

will contribute to the natural

revegetation and stabilization of

the area. In order to assist es-

tablishment of the vegetation

and its ability to outcompete and

shade out possible exotic spe-

cies, the Natural Resource Con-

servation Service is growing and

installing site-collected cool and

warm season grasses.

Catoctin addresses exotics

Catoctin Mountain Park

(Maryland), in cooperation with

Hood College, initiated an ex-

otic plant research project

funded by a Canon-National

Park Foundation Expedition

Into the Parks grant awarded

during 1999. The goal of this

project is to develop a park man-

agement plan for exotic plants.

During the 1999 field season,

extensive survey work was com-

pleted of the park boundary,

roadsides, and interior areas with

the assistance ofthe Youth Con-

servation Corps. Permanent veg-

etation plots were established to

monitor the spread of exotics.

Four experimental plots were

also established to evaluate con-

trol measures of hand pulling,

herbicide treatment, and torch-

ing for three invasive species;

Japanese barberry, garlic mus-

tard, and Japanese stilt grass.

Data analysis is underway, and

the success ofthe control techniques

will be assessed in 2000 following

the next growing season. Prelimi-

nary results indicate a strong cor-

relation between the spread of

Japanese stilt grass and disturbance

in the form of roads and trails.

Pacific West

//(/we /. ThesiteatOxonRunwosstabilizedwithcoconut "bio-logs"andmatting.

Alcatraz bird census...

or the ABC program
Alcatraz Island, part of the

Golden Gate National Recre-

ation Area in San Francisco,

California, attracts 1.5 million

visitors each year who come
from around the world to visit

the famous prison (figure 2). Far

more than a cultural resource,

Alcatraz is home to many colo-

nial nesting birds in the spring

and summer, and a refuge to

migrating or over-wintering

birds in the fall and winter.

In 1993, Park Ranger Brett

Woods initiated a program

where volunteers conducted a

census of these fall and winter

birds. However, Ranger Woods

moved on and the program lan-

guished. In 1998, new Park

Ranger and Natural Resource

Coordinator Brett Carre revital-

ized the program. First, a ma-

jor recruitment obtained 40

volunteers. Then, methods were

changed in order to conduct a

systematic area search of the

22-acre island. Each census day

a pair ofvolunteers surveyed the

island, moving clockwise one

day, counter clockwise the next.

The island was divided into 12

sections ofroughly equal count-

ability with each section being

censused for exactly 10 minutes.

This allowed presence and fre-

quency data to be obtained (i.e.,

percent of census days that a

species was detected on the is-

land, by month, or by island

section). Abundance data (num-

ber of birds per section by spe-

cies), while not accurate because

of the possibility of multiple

Figure 2. Alcatraz Island.

Figure 3. Black oystercatcher.

counting of birds between sec-

tions, was still recorded for po-

tential use as very general

year-to-year trend data.

Of the 108 census days dur-

ing the 1998-99 season (mid-

September through January),

89 bird species were detected.

Bird species that made up the

20 highest frequencies of detec-

tion were as follows (in decreas-

ing order): western gull,

white-crowned sparrow, song

sparrow, double-crested cormo-

rant, common raven, Anna's

hummingbird, black phoebe,

fox sparrow, European starling,

yellow-rumped warbler, house

finch, hermit thrush, black oys-

tercatcher (figure 3), golden-

crowned sparrow, black

turnstone, wandering tattler,

Heerman's gull, Brandt's cor-

morant, western grebe, Ameri-

can kestrel, brown pelican, and

golden-crowned Kinglet.

The data were useful in writ-

ing the Alcatraz Environmental

Impact Statement, due out this

year. Park staff hope that the

ABC program can continue for

years as it provides an excellent

opportunity to collect meaning-

ful wildlife data and provides a

meaningful recreation experi-

ence for the volunteers, p

Park Science
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Paleo volume
published
The Fourth National

Park Service Paleonto-

logieal Research Volume

edited by Vince Santucci and

Lindsay McClelland, has been

published. The volume includes

20 original papers represent-

ing 12 different units in the

national park system (Bad-

lands, Bighorn Canyon,

Canyonlands, Channel Islands,

Chesapeake and Ohio Canal,

Curecanti, Denali, Florissant

Fossil Beds, Fossil Butte, Petri-

fied Forest, Timpanogos Cave,

and Walnut Canyon), plus one

multipark article describing the

Morrison Ecosystem Project.

The volume is a Geologic Re-

sources Division (GRD) tech-

nical report (NPS/NRGRD/
GRDTR-99/03) and is dedi-

cated to Dr. Michael Soukup,

NPS Associate Director for

Natural Resource Stewardship

and Science, whose leadership

in building support for science-

based decision making has

strengthened the management

and protection of all park natu-

ral resources. Fossils have been

key beneficiaries of these poli-

cies as parks increasingly rec-

ognize the value of these re-

sources and the importance of

paleontological research. The

volume will soon be available

electronically on the GRD Pa-

leontology website at

www.nature.nps.gov/grd/ge-

ology/paleo.

Proceedings available

The George Wright Society

recently published proceedings

of its biennial conference held

during March 1999 in

Asheville, North Carolina. Like

the conference, the volume is

entitled "On the Frontiers of

Conservation" and presents 87

papers given at the gathering.

The papers address many top-

ics of importance in re-

source management

and include partner-

ships, restoration, visi-

tors and impacts, ecosys-

tem management, coastal

environments, building an in-

ventory and monitoring pro-

gram, vegetation dynamics,

and managing scientific re-

search, among others. The pro-

ceedings are available on-line

at www.georgewright.org.

Calling all panthers
Numbering less than 100 in

south Florida, the Florida pan-

ther (Puma concolor coryi) is

one of the most endangered

mammals in the world and

presents numerous research

challenges. The species' recov-

ery and management depend

on data from radio-collared

individuals, particularly data

about productivity and survival

of kittens. Obtaining such in-

formation is tricky, because kit-

tens must be examined in dens

during the absence of their

mothers. Mothers are usually

in the den during daylight

hours and depart and arrive

during dusk or dawn. For-

merly, an investigator had to

be stationed near a den to de-

tect the departure of the

mother before data on the kit-

tens could be collected. The
amount of time and effort re-

quired for this made monitor-

ing remote dens impractical.

However, three researchers

put cellular phone technology

to work to remotely detect the

absence of a mother lion in a

den.

Writing in the Wildlife Soci-

ety Bulletin (26[1]:29-31), E.

D. Land, D. R. Garman, and

G. A. Holt mounted an auto-

answering cellular telephone in

a listening post near a den. Also

in the listening post were an

antenna and receiver used to

pick up the signal pulse from

the radio-collared female. The

receiver, cellular phone, and

the battery that supplied power

for the telephone were placed

inside a weatherproof case and

located within 200 m of the

den. A caller to the listening

post heard either the signal

pulse generated by the collar

of the mother lion in the den

or background static if the

mother was out of radio range,

i.e., away from the den.

The researchers used listen-

ing posts at four dens of ra-

dio-collared mothers and ex-

amined seven 2-3-week-old

kittens. The listening posts sub-

stantially decreased the time in

the field to examine neonatal

kittens and maximized the ef-

ficiency of limited field staff.

The cost of travel and labor

by 2-3 researchers for one un-

successful trip to a den could

exceed the cost of developing

one cellular listening post.

Listening posts with cellular

phones may be used for moni-

toring radio-collared animals in

nests, foraging grounds, breed-

ing areas, or other known ar-

eas of visitation.

Pepper spray: an
attractant?
People in brown bear (Ursus

arctos) country have long

sought nonlethal repellants for

protection from bear attacks.

A liquid spray with the chief

irritant in red pepper (oleoresin

capsicum) was developed in the

1970s and since then has been

commercially manufactured. It

is known under the generic

name redpepper spray and car-

ried by many hikers, campers,

and other outdoor enthusiasts.

Some states and many national

parks recommend that back-

country users carry the spray

for self defense in encounters

with aggressive bears. Al-

though aggressive spraying of

the compound has been an ef-

fective repellant in encounters

with bears, Smith (1998. At-

traction of brown bears to red

pepper spray deterrent: cave-

ats for use. Wildlife Society

Bulletin 26[l]:92-94) demon-

strated that bears are attracted

to objects with red pepper

spray residue.

Smith treated one-square-

meter areas of beach gravel in

nine locations with four-sec-

ond bursts of commercially

available bear deterrent spray

(two different concentrations)

and observed the treated ar-

eas from blinds at 10-200-m

distances. During his observa-

tions, 13 independent brown

bear groups approached the

sites a total of 40 times (seven

single bears of unknown sex,

three adult boars, one sow
with two dependent yearlings,

one sow with three cubs of the

year, and one sow with two

cubs of the year). Interest in

the spray of both concentra-

tions ranged from no response

(40%) to slight (20%), moder-

ate (12%), and high (28%).

None of the bears was ever

repelled by the spray residues.

Responses included 25 bouts

of sniffing, nine pawing bouts,

10 licking bouts, 16 head rub-

bing bouts, and 11 bouts of

bears rolling their entire body

on the spray residues. The
bouts lasted for 0.1-2.5 min-

utes.

Smith explains that bears

rely on olfaction to locate

food. A pungent odor such as

that of red pepper spray would

therefore be of interest to

bears. The relatively high per-

centage of no response to the

spray in Smith's study may be

explained by strong winds that

carried the scent of the spray

away from the location of the

See "Crossfile" on page 8
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bears. Smith and his field crew

had observed bears in the area

of the test sites during more

than 750 hours and had not

seen bears rubbing their heads

on the ground, pawing and

licking soils, or rolling on their

backs as in the red-pepper-

spray test sites. He therefore

attributed such novel behavior

directly to the exposure to red

paper spray.

Smith's findings suggest that

people should not test spray

in hiking or camping areas,

should carefully remove all

residues from fired canisters,

and should not store canisters

in sleeping areas. The attrac-

tion of bears to red pepper

spray warrants prudent use

and storage of canisters.

Rock climbing and
nesting birds at

Joshua Tree

A recent study at Joshua

Tree National Park (California)

recommended that "in areas of

widespread climbing activity,

monitoring programs should

be instituted to evaluate spa-

tial and temporal fluctuations

of bird species and changes in

numbers of invasive species

that may threaten the integ-

rity of native bird communi-

ties" (Camp, R. J., and R. L.

Knight. 1998. Rock climbing

and cliff bird communities at

Joshua Tree National Park,

California. Wildlife Society Bul-

letin 26(4):892-98). The study

revealed that bird species and

bird behavior differed among
moderately climbed cliffs, cliffs

with many popular climbing

routes, and cliffs that were not

climbed. The study sites did not

differ in height, length, verti-

cally, or exposure. However,

the unclimbed cliffs were at

greater distances from park-

ing lots and campgrounds than

the climbed cliffs.

Four bird species were seen

on cliffs where no one

climbed, five on moderately

climbed cliffs, and three on

cliffs with many popular climb-

ing routes. Species with broad

ecological niches such as the

American robin and invasive

species such as the house

finch, the European starling,

and the brown-headed cow-

bird were seen only on

climbed cliffs. For example,

house finches were 69% more

numerous on popular cliffs

than on unclimbed cliffs. The

distribution of birds in front of

clifffaces was not uniform. The

percentage of birds on cliff

faces was higher on unclimbed

cliffs than on popular cliffs. On
unclimbed cliffs, birds more

often were seen perched on the

cliff face. On popular cliffs,

birds were seen flying regard-

less of the presence or absence

of humans. In the presence of

humans, more birds were at a

distance from the cliff faces,

suggesting anthropogenic

changes in the spatial distribu-

tion of the birds and anthro-

pogenic disruption of breed-

ing, foraging, and predator

detection by nesting birds and

their fledged young.

Vegetation trampling
by hikers and pack
stock
Disturbance by trampling of

protected areas is a concern

in national parks. But little is

known about the variation of

such disturbance by type, and

this lack of information keeps

managers from applying ap-

propriate restrictions. In

backcountry and wildernesses

without motorized traffic, hik-

ing groups and groups with

pack stock are the two pri-

mary users. Pack stock have

been horses, mules, donkeys,

and more recently llamas.

Trampled areas are trails,

campsites, and off-trail areas.

To obtain more information

about the effects of trampling,

Cole and Spildie (Hiker, horse,

and llama trampling effects on

native vegetation in Montana,

USA. 1998. Journal of Envi-

ronmental Management 53:

61-71) studied the relative ef-

fects of hiker, horse, and llama

traffic on vegetation and

ground cover at two trampling

intensities (25 and 150 passes

at one time) on two previously

undisturbed forested vegeta-

tion types (forest with under-

story of predominantly erect

forbs and forest with under-

story of predominantly low

shrubs). These types were se-

lected because they are wide-

spread in the northern Rocky

Mountains, are not highly re-

sistant to trampling, and may
be widely divergent in their re-

sponses to trampling.

The effects were assessed

immediately after application

and one year later. Trampling

by horses caused the greatest

disturbance. The effects of

trampling by llamas and hik-

ers could not be differentiated

statistically. The forb under-

story was highly vulnerable to

trampling but recovered rap-

idly. The shrub understory was

more resistant to disturbance

by trampling but lacked resil-

ience. Differences between ef-

fects from trampling by horses

and llamas or hikers persisted

for at least one year.

Managers may use this in-

formation variously. For ex-

ample, they can zone-protect

areas to separate different

types of users or to confine the

more damaging user types to

more durable areas, or they

can make the difficulty of ob-

taining a permit proportional

to the specific environmental

impacts by a user group.

Vanishing night skies

Like clean air, clean water,

wildlife, and the sounds of na-

ture, a clear, dark, night sky

and, weather permitting, the

view of more than 2,500 stars

and the Milky Way should be

a part of a visitor's experience

in national parks now and in

the future. Overnight visitation

is permitted in 130 national

parks. However, light pollu-

tion increasingly obscures

clear views of night skies even

in parks. Such pollution is of-

ten from excessive or misdi-

rected outdoor lighting and

from highways, homes, office

buildings, and other develop-

ments that can be as far away

from a park as 100 miles.

Some concession facilities in

national parks may also add

glare to the night sky. Unless

light pollution is remedied,

views of dark night skies may
disappear from national parks.

Concerned about the issue

of vanishing night skies, the

National Parks and Conserva-

tion Association conducted a

survey of National Park Ser-

vice managers to obtain more

information about problems

with light pollution in parks.

The responses from 189 of 376

national park system units, as-

sumed to be representative, are

profoundly disturbing.

Most of the 94% of the

parks that offer overnight visi-

tation and consider dark night

skies an important resource

offer some type of night-sky

interpretive program. Nearly

two-thirds of the units that of-

fer overnight visitation consider

light pollution a problem, and

nearly 70% of the parks in four

of five U.S. regions report

See "Crossfile, " rt. column, pg 12
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Conference Corner

West by Northwest workshop restores spirit

Biennial gathering unites far-flung staff, inspires problem resolution in the 2

1

st century

BY THE EDITOR

Note: Transcriptions of all plenary

presentations at the West by Northwest

2000 conference will be made available on

the Web at www.nps.gov/pwro/

wxnw2000.htm as they are transcribed.

San Diego, California, provided a re-

laxing venue for more than 350 re-

source managers, interpreters, super-

intendents, and other NPS staff and part-

ners to come together for a lively discussion

of what it takes to preserve and interpret

park resources in the new millennium. Held

twice previously in 1996 and 1998 by the

Pacific West Region, this workshop was co-

sponsored by the Alaska Region and was

held in mid-March several miles from

Cabrillo National Monument. By joining

with Alaska, the workshop presented a

much wider variety of resource manage-

ment and interpretation issues, solutions,

and discussions, and provided greater op-

portunity to interact with colleagues on

these issues. Similarly, participation by staff

from several Pacific island parks, including

their performance of traditional island mu-

sic, enriched the gathering and gave it a

distinct regional flavor.

The week opened with presentations by

Regional Directors John Reynolds and Bob

Barbee, who charted the challenge of the

conference-to get to know one another and

to listen, learn, and exchange new and bet-

ter ideas as resource stewards. Reynolds

also charted the challenge of the coming

century, explaining that parks must be rel-

evant to all Americans, important to their

personal well-being, and perceived as valu-

able to American society "ifwe are to have

a national park system 100 years from now
that means as much to us as it does today."

Talk soon turned to sustainability, a famil-

iar theme at recent conferences, which was

addressed by Shawn Norton and George

Turnbull in their very provocative plenary

presentation on environmental leadership.

But the big buzz for the week was the

Natural Resource Challenge, launched last

August at Mount Rainier National Park by

est bu Northwest ZDDD
NATIONAL I C E

Preservation and Interpretation
into the New Millennium

Director Stanton. Deputy Director Galvin

explained that "the challenge for the 21st

century is to preserve resources." The Natu-

ral Resource Challenge is necessary to help

us meet these responsibilities; it is a catalyst

for change. We must begin to "see the parks

as part of a system" and "make them more

useful to society at large," he said. Certainly,

we must engage science for the answers it

can provide us in making better manage-

ment decisions. But, he explained, we must

also come to see scientific information about

parks as valuable to society, and we must

develop institutions for sharing that infor-

mation. We need to develop a web of co-

operators and capitalize on their influence.

And we must bring science and education

together to build a constituency of support

for resource management.

A dinner gathering and festive ballet

folklorico dance performance at Cabrillo

closed out the day, setting the stage for the

approximately 150 individual presentations,

plenary sessions, posters, training sessions,

or field trips that followed over the next

four days.

For the concurrent sessions, the work-

shop organizers opted for broad themes as

a way to integrate park operational and

scientific disciplines in the discussions. For

example, the week-long theme exploring

"innovative problem resolution" brought to-

gether presentations about natural and cul-

tural resource management, interpretation,

wildland fire, archeology, hydrology, geol-

ogy, exotic species management, paleon-

tology, and many others aimed at

improving resource preservation and inter-

pretation. "Park futures and a changing pub-

lic" focused on exploring ways to develop

constituencies through education programs

designed for diverse audiences. "NPS lead-

ing the way" reviewed park management

techniques that embody the spirit of recent

NPS resource stewardship and education

initiatives. This thematic, organizational

strategy fostered interaction between at-

tendees regardless oftechnical specialty. Ad-

ditionally, starting times for individual

presentations were intentionally not pub-

lished, which encouraged the audience to

stick with entire two-hour sessions, rather

than hop from room to room. In the ses-

sions I attended, the moderators did a good

job of holding presenters to their appointed

time limits, benefiting everyone. Future im-

provements can be made in the more wide-

spread and competent use of microphones

so that all can hear the substance of the

sessions and in the computer-setup skills

See "Conference Corner" on page 10
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Conference Corner
"Conference Corner" continuedfrom page 9

required for Microsoft PowerPoint presen-

tations, several of which failed or were de-

layed because of technical problems.

Were the ideas new? Were the sessions

valuable? Certainly, many resource man-

agement problems and the disciplines

needed to deal with them are now routine

parts of our discussions at these kinds of

gatherings, albeit with new circumstances

or other advancements being reported.

Dealing with nonnative vegetation and ani-

mal species, for example, were common
and familiar subjects during the week as

were various ecological restoration activi-

ties and fire management. However, a new

concept for many was the significance of

park soundscapes and how to go about pre-

serving them. Sounds not only have eco-

logical significance, such as communication

among whales, but they also signify physi-

cal processes that shape a park, such as

surf and wind. And they represent cultural

values to humans. In a time when human-

caused noise is on the rise, many park

soundscapes are threatened and their pro-

tection is fast becoming another responsi-

bility for resource managers. The
provocative presentation went on to de-

scribe a sound recording and inventory tech-

nique and a related database structure that

may be useful in documenting, understand-

ing, and raising the awareness of the sig-

nificance ofpark sounds. Another novel idea

at the conference was the management of

hazard trees by converting them into safe,

but standing, natural-looking snags that pre-

serve valuable wildlife habitat.

Some of the other things we heard about

were the need to establish "vital signs" moni-

toring strategies that show accelerated or

unacceptable ecological change and some

approaches being taken in this regard in

various parks. Determining what is natural

as a baseline to manage for can be prob-

lematic as one presentation pointed out, but

some parks are figuring this out and are

devising useful vital signs monitoring ap-

proaches. We also heard about computer

software and modeling applications and

Web-based technologies, including resource

databases and GIS, that are in the works

or are being refined as ways of sharing in-

formation broadly. Many other themes re-

lated to natural and cultural resources, NPS

history, and interpretation emerged, too,

and showed new twists in the ways in which

familiar disciplines are being applied in solv-

ing both common and new problems.

Out of this rich collection of presenta-

tions and interactions emerged a few trends.

Not long ago, we were talking about the

need to reduce divisions in park operations

and encourage cooperation among all park

staff for resource preservation. This gath-

ering demonstrated that in many parks we
are practicing what we preach. For example,

strategic planning sessions have helped

some parks unite behind resource preser-

vation goals. Additionally, the "greening"

of the National Park Service is a very good

sign of the integration of all park opera-

tions toward a goal of resource

sustainability, led, perhaps, by facility man-

agers and administration staffs in parks. Con-

ference organizers recognized the need to

integrate park operational disciplines at this

workshop; they coupled interpretation with

natural and cultural resource management

this time around. Next time, they plan to

pair either the maintenance or visitor and

resource protection function with resource

management to stimulate discussion on such

things as resource-sensitive facility manage-

ment practices or technical aspects of re-

source law enforcement.

Another observation is that geology, not

long ago perceived widely as irrelevant to

park management by many, has come to a

focal point at these gatherings. In San Di-

ego, participants were given several oppor-

tunities to consider the role of geology in

providing the foundation for ecological pro-

cesses in many parks. Additionally, during

a plenary session on closing day, a panel of

U.S. Geological Survey western regional

managers seemed painfully aware of the

need for their services to become more rel-

evant to park managers. They offered parks

their assistance in developing useful map-

ping products, providing biological techni-

cal assistance and research, conducting

hydrological work, and sharing geological

research results in formats well-suited to

management application and public con-

sumption. Additionally, a conference poster

by the U.S. Geological Survey and a presen-

tation by a geology professor from Oregon

State University highlighted ways in which

they have helped parks to tell their geologi-

cal stories in simple, compelling ways.

A change of pace to the productive ses-

sions at the West by Northwest workshop

was offered by both the excellent field trips

on Wednesday and a banquet held Thurs-

day evening to honor, in part, resource stew-

ards from the Pacific West Region and

interpreters from both regions for their

achievements during 1999. Director

Stanton was on hand to pass out the awards

and Regional Directors John Reynolds and

Bob Barbee made the presentations.

The conference closed with a plenary ses-

sion on what it will take to be effective in

managing and interpreting parks this cen-

tury. Bryan Harry, Superintendent of the

Pacific Islands Support Office, offered the

"ranger mystique," or that unwavering com-

mitment, enthusiasm, and can-do attitude

common to so many NPS employees, as

an essential element in attacking the prob-

lems of the future. Alaska Associate Re-

gional Director Judy Gottlieb described a

complex era to come with its contingent

predictable challenges and numerous sur-

prises that will require anticipation and the

rational, professional application of science.

Point Reyes Superintendent Don Neubach-

er reminded us that the best opportunity to

improve our lot as resource stewards is at

our doorstep right now in the Natural Re-

source Challenge. If we succeed in getting

the proposed $100 million over five years,

the National Park Service will be able to do

its natural resource protection job much
more effectively. "It's ours to lose," he said,

stressing that we need to put aside any jeal-

ousies about which parks or programs will

see the greatest increases and give the Chal-

lenge our full, unified support. Finally, Di-

rector Stanton closed out the week by

reiterating this point and by revealing plans

for the development of a Cultural Resource

Challenge over the next several years.

At West by Northwest, I refueled my in-

ternal fire. I made new professional con-

tacts and visited with old friends. I reflected

on how my job affects others and how I

can improve at it. I thought new thoughts,

made new plans for work, renewed my
commitment, and considered my place in

this organization as a resource steward.

Where do good ideas come from? Any-

where and everywhere, of course, but West

by Northwest was certainly a potent source

of them. Now, to take action on the many

good ideas! p
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Figure I. Located 49 miles southeast ofBend in Central

Oregon, Fort Rock State Monument was designated a

national natural landmark in 1976 for its

"striking... circular, fort-like volcanic outcrop." Ihesite

is owned by the State of Oregon and administered by

the Oregon Porks and Recreation Department.

The National Natural Landmarks Program:
A progress report

By Craig L Shafer

Administered by the National Park

Service and established in 1962,

the National Natural Landmark

(NNL) Program recognizes and encour-

ages protection of nationally significant

natural areas in the United States (figure

1). Sites must exemplify a biotic commu-
nity or geologic feature that is one of the

best of its type in its physiographic re-

gion. Sites are designated on both public

and private lands.

As many readers know, site designa-

tions were under an NPS-imposed mora-

torium from November 1989 to May
1999. The moratorium was lifted on May
12, 1999, when new NNL program regu-

lations were published in the Federal Reg-

ister. The moratorium had been expected

to last only a few years. Why did it last

ten? Primarily because obtaining all es-

sential, official sign-offs was impossible.

This delay was a reaction to pervasive pri-

vate land rights political ideology. Officials

who are mindful of the potential political

consequences of actions ofthe Department

of the Interior apparently did not wish to

add fuel to this fire.

The decade needed to finalize program

improvements was tumultuous. Public

hearings on the regulations were held,

new administrations with differing ide-

ologies came on board, successive freezes

on government regulations were imposed,

new regulation writing requirements were

put in effect, and so on. Park Service

staff, in coordination with the Office of

the Solicitor, the Department of the Inte-

rior, the Office of Management and Bud-

get, the Secretary's Advisory Board, and

others, considered public comments and

revised the regulations. Anne Frondorf,

now with the U.S. Geological Survey, and

Bill Commins, with the National Park

Service, were key to summarizing public

comments, achieving consensus on most

regulation decisions, drafting regulation

language, and initiating other program

improvements. By 1993, program staff

had prepared a handbook, contacted

NNL owners and verified their names and

addresses, improved the electronic data-

base, and had gotten program controls

approved. Additionally, hundreds of Con-

gressional inquiries and Freedom of In-

formation Act requests were answered;

eight annual Section 8 Reports, required

by legislation (HR 94-458), on threatened

and damaged national natural landmarks

were sent to the Congress and distrib-

uted around the country; six NPS national

program meetings were held; program

files were organized and archived; natu-

ral region theme study inventories were

made available through the National Tech-

nical Information Service; program litera-

ture was updated; a Section 9 Report

(surface mining threats) was prepared; and

more.

The program also made progress in

FY1992 when the National Park Service

secured an additional $775,000 and four

FTEs (i.e., full-time staff) for the program.

The program was then able to pay the

salaries of two Washington Office staff

and 10 regional coordinators. The regional

coordinators oversee the annual Section 8

Report inspections, fund some special

projects using the NPS Challenge Cost

Share Program, assure that development

planners consider NNLs, publish news-

letters, convene public meetings, partici-

pate in NNL ceremonies and media

events, testify at public hearings, write re-

sponses to newspaper editorials, draft

news releases, enlist support for endan-

gered species issues, guide EIS prepara-

tion, present NNL plaques to landowners,

and communicate with NNL property

owners. They also assisted with key

moratorium tasks-the handbook, owner

identification, and database improvement.

When the Park Service reorganized in

1995, the future of the program was un-

known. After the dust settled, the pro-

gram budget and all 12 support positions

remained intact.

After being published last May, the new

NNL regulations were mailed to approxi-

mately 2,279 NNL landowners, mostly

private. Another mailing went to those

holding multiple NNL properties, such

See "Landmarks" on page 12
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"Landmarks" continuedfrom page 11

as federal and state agencies and private

conservation organizations. (For those

NNLs with more than 50 owners, staff

notified landowners using local newspa-

per announcements.) The mailings in-

cluded the regulations, a brochure, and a

letter from the Director of the National

Park Service. The letter encouraged con-

tinued participation in the program but

informed landowners of a 90-day oppor-

tunity to withdraw their property from

NNL designation. In all, the Park Service

received 971 requests for withdrawal of

properties from NNL designation a

month after the September 9 deadline,

and they continued to be received. The

vast majority of these requests, some 741,

occurred in just three areas (Baraboo

Range, WI; Lance Creek Fossil Area, WY;
and Canaan Valley, WV), and were the

result of locally generated misinformation

about the NNL Program coupled with

existing local resentment stemming from

other past or present government activi-

ties. Withdrawal requests are being pro-

cessed. Because not all NNL landowners

could be reached, additional withdrawal

opportunities and mailings are being con-

sidered.

The new regulations clarify the role of

the federal government in designating

NNLs and managing the program. They

also address landowner concerns. For ex-

ample, three owner notifications will oc-

cur including the opportunity to voice

concerns during a public comment pe-

riod; no owner need have the designa-

tion against his or her wishes, any possible

land use ramifications are discussed; ben-

efits of the designation are outlined; writ-

ten permission from the landowner must

be secured before evaluating a site on

private property; and so on. After all

withdrawal requests have been processed

and boundary alterations made, the pro-

gram can resume designations. This is the

method used to pursue the program goals

established in 1962: identifying, recogniz-

ing, and encouraging preservation of spe-

cial ecological and geological sites,

enhancing their scientific and educational

value, strengthening cultural appreciation

of natural history, and involving individu-

als, private organizations, and all levels of

government in a cooperative undertak-

ing to conserve the country's natural heri-

tage.

The 1996 "sunset legislation" targeted

dozens of "unnecessary" government re-

ports for elimination, including the Sec-

tion 8 Report. Sent annually to Congress,

this report identified NNLs (and National

Historic Landmarks) that were threatened

or damaged. Since the New Year, the le-

gal mandate to send the Section 8 Report

to Congress has expired. This report,

given to the Congress 20 times since 1977,

helped prevent many NNLs from being

damaged or lost. Few realize that four

NNLs, reviewed in the Section 8 Report,

were later added to the national park sys-

tem. Without this formal reporting

mechanism, future problems with NNL
sites may not come to the attention of as

many parties as occurred in the past. For-

tunately, the mandate was reinserted in

HR 3002, being considered by the Sen-

ate. Without this mandate, many of the

last, best examples of the country's vari-

ous ecological and geological features may
vanish because of pressing demands for

"progress."

In 1987, Edward O. Wilson, a famous

Harvard biology professor, became the

academic community's leading advocate

for preserving "biodiversity." In his 1992

book Thie Diversity ofLife, Wilson argued

that the day will come when the flora

and fauna of a country will be thought

part of its natural heritage, just as impor-

tant as its art or language. The founders

of the National Natural Landmarks Pro-

gram in 1963 were not so eloquent, sim-

ply noting the importance of preserving

sites that illustrate the ecological and geo-

logical character of the country. How-
ever, they apparently recognized that

retaining NNLs, which by definition pos-

sess "national significance," provided a

benefit to all citizens. Program staff will

continue to address problems with the

program as they arise and encourage

landowners to preserve their NNL
properties, p

Craig Shafer coordinates the National

Natural Landmark Program from the

NPS Washington Office. He is an ecologist

under the Associate Directorfor Natural

Resource Stewardship and Science. He can

be reached at craig_shafer@nps.gov.

"Crossfle" continuedfrom page 8

light pollution. More than 35% of parks

with such problems considered the prob-

lems to be moderate or very serious. The

source of light pollution in 70% ofsuch parks

is from both specific and diffuse sources.

Actions to reduce light pollution by the

National Park Service and by adjacent

communities have been extremely limited.

Few parks have reduced light pollution

in all their areas. The National Park Ser-

vice has done nothing in nearly 21% of

the units that report problems. In addi-

tion, communities are not supporting the

protection of night skies. Only 10% of

the parks that offer overnight visitation

have reported helpful ordinances in

nearby communities.

Yet, parks that offer overnight visita-

tion could increase public awareness

about light pollution and reduce light pol-

lution within their own boundaries. Solu-

tions to the problems may not require

simply shutting off all lights. For example,

low-pressure sodium lamps can reduce

glare, and cutoff shields can eliminate

horizontal and upward projections.

Changing lighting systems may be cost-

effective. For example, park officials at

Chaco Culture National Historical Park

in New Mexico cut energy costs by 30%

by changing the lighting system in the unit.

Additional impacts from light pollution

in the parks and potential solutions to the

problem are discussed in the report on

the NPCA website at www.npca.org/

readaboutit/nightskies.html.

Yellowstone publishes state of

the park report

Yellowstone National Park recently

published its "State of the Park 1999" re-

port, an ambitious effort to analyze the

status of the park's natural and cultural

resources and the ability of the National

Park Service to properly manage them

and public use. At 285 pages, the hand-

some report features eight chapters that

examine wildlife, science and technology,

public use, infrastructure, staffing and

funding, and aspects of the Yellowstone

landscape such as the physical environ-

ment, water resources, vegetation, the role

of fire, and preserving the natural regime.

Each chapter, and an executive summary,

is available in PDF format from the

Yellowstone website at www.nps.gov/

yell/stateofthepark.htm. p
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"Atlas" continuedfrom cover

ton), and Wilson's Creek National Battle-

field (Missouri). These parks are diverse in

size, geography, and type of unit. Superin-

tendents at these parks expressed interest

in the project and agreed to participate.

An inventory of socioeconomic indica-

tors has been developed. Data for these in-

dicators, available at the county level, have

been collected from a variety of public

sources, such as the U.S. Census Bureau.

Data sets that include projections to the year

2020 have also been purchased from a pri-

vate firm. Where possible, census tract-level

data have also been collected.

The socioeconomic indicators are divided

into two groups: a standard core set and

additio?ial indicators. The core indicators

will be mapped for all four pilot parks. Staff

at each park have selected additional indi-

cators of interest from another list. The goal

is to create a total ofapproximately 30 maps

for each atlas.

The core and additional indicators are

organized into six broad categories: gen-

eral population characteristics, social and

cultural characteristics, economy and com-

merce, administration and government,

land use, and recreation and tourism. Ex-

amples of core and additional indicators by

category are provided in table 1.

The staff at each of the pilot parks have

identified a "region of interest" around their

park (i.e., the geographic area around the

park that may influence or impact the park's

management). Regions of interest include

aggregates ofone or more contiguous coun-

ties and represent the area for which the

core and selected additional indicators will

be mapped. The regions of interest for the

pilot parks are presented in figure 1 (cover).

A draft version of the prototype atlas will

be developed for each pilot park and re-

viewed by park staff and others. Figure 2

provides a preliminary example of what an

atlas page might look like in one of the

prototypes. The draft will be revised and

10-20 copies of a bound, color atlas of re-

gional socioeconomic trends will be distrib-

uted to the pilot parks along with a brief

technical report describing the project.

The staff at each of the pilot parks will

provide a written evaluation ofthe atlas that

describes: (1) its overall utility to the park,

(2) the usefulness ofthe socioeconomic data

presented and atlas format, (3) how the at-

las could be improved, and (4) the potential

benefits of such an atlas for other parks.

Table 1 • Examples of core and additional indicators
(Core indicators will be mapped for all pilot parks, and park staff will select 15 additional indicators.)

Category

General Population Characteristics

Social and Cultural Characteristics

Economy and Commerce

Administration and Government

Land Use

Recreation and Tourism

Core Inditators Additional Inditators

total population

projected population change

ethnic diversity

educational attainment

employment by industry

poverty

congressional districts

federal expenditures

ecoregions

change in farmland

recreation/tourism employment

recreation/tourism revenue

elderly population

rural population

projected ethnic diversity

crime

change in employment by industry

unemployment

local government revenues

local government expenditures

domestic water use

growth

recreation/tourism establishments

seasonal housing

Based on these evaluations, addi-

tional and improved atlases may
be created for other units.

Conclusion

The prototype atlas of regional

socioeconomic trends will benefit

each park in tangible ways.

Through the use of selected socio-

economic indicators, the atlas can

provide systematic information

about the spatial character of hu-

man activities and changing land

use in the region of interest sur-

rounding a park. There are several

potential uses. The regional socio-

economic trends information and

maps could be integrated into the

general management planning pro-

cess. The atlas could be used as a

tool to educate new park staff (and

central office staff) about the re-

gion surrounding the park, and

share information about socioeco-

nomic trends with the public, gate-

way communities, media, and

Congress. The atlas could be an

important public participation tool,

helping park staff work with local commu-

nities on planning and management deci-

sions that affect both the park and the

adjacent region. Using the methods de-

scribed above, an atlas of socioeconomic

trends could be developed for any unit, lead-

ing to an atlas series for the entire national

park system, p
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Thinking outside the lines:
Parks and the quality of life in area

communities

By Jonathan 6. Jaylor, Nina Burkardt, Lynne (aughlan, and

Bwon iff Lamb

Many national parks, national for-

ests, and other public land units

exist in highly changeable re-

gional environments. Often the parks and

forests themselves serve as important cata-

lysts of change in the levels of tourism, out-

door recreation participation, and

contribution oftraveling publics to local and

regional economies. Resource managers are

called upon to protect lands in their juris-

dictions while juggling a variety of inputs

and expectations. In each agency, resource

decisions are bound by law and agency

policy. In this context, the decision space of

the national park manager is quite different

from that of those in the multiple-use land

management agencies. Management actions

must stand up, not only to law and policy

and to scientific scrutiny, but they must also

be sensitive to the needs of residents in sur-

rounding communities, to county and state

governing bodies, and to visitors from across

the nation and around the world. Balancing

these needs while protecting resources is an

ongoing challenge made more difficult as

the mix of stakeholders grows.

Increasing tourism adds to the challenge.

As new players emerge and existing play-

ers become more intensely involved-com-

plicating communication networks and

altering balances of power-the workload

of management agencies increases mark-

edly. For example, explosive growth in tour-

ism has led to rapid population growth and

economic change in southeast Utah. Rec-

reational activities are often in conflict with

traditional uses such as grazing and min-

ing. Impacts from all these land uses con-

tribute to deterioration of the region's

sensitive natural resources, and potentially

diminish residents' quality of life, especially

in areas where such uses are concentrated.

Understanding how "what I do on my
patch" affects interdependent interests re-

quires an intensive, focused effort to dis-

cover what is at stake, and how internal

decisions influence those surrounding fac-

tors. Managers need to know, first, how
actions interrelate with other institutional

jurisdictions and authorities; second, what

local values really are (what is held dear by

the area resident population); and third, how
rapid changes in tourism and outdoor rec-

reation affect the economy of surrounding

populations, and how land and resource

management decisions affect those changes.

Institutional analysis, public preference

measures, knowledge and value assessment,

and economic effects modeling can pro-

vide valuable insights into interactions be-

tween human communities and national

lands and resources. A five county area of

southeast Utah: Carbon Emery, Wayne, Grand,

and San Juan Counties; was one of two Colo-

rado Plateau areas selected for coordinated so-

cial science investigations from 1996 to 1998.

Institutional Atlas

Analysis of participating institutions, their

structures and authorities, helps land man-

agers answer the question: "What are the

institutional opportunities and obstacles for

local, state, and federal agencies to manage

for sustainable ecosystems and commerce?"

This question is important because land

management on an ecosystem scale im-

plies-in fact, requires-coordination among

land managers, property owners, and other

stakeholders. When agencies and institu-

tions with differing goals and processes

work together, the results can be disappoint-

ing, especially if there is a lack of under-

standing about the involved players, their

goals, and how they are likely to go about

achieving their goals. Our hypothesis in

beginning this research project was that

overlapping jurisdictions and mandates for

recreation management are associated with

reduced ability of local, state, and federal

land managers to implement these policies.

The tool we used to analyze this problem is

the Institutional Atlas.

We created an institutional atlas of the

Colorado Plateau using ArcView GIS (geo-

graphic information system) software. The

atlas shows county boundaries, cities, land

ownership, hydrology, and other standard

map features. In addition, the atlas displays

map layers depicting parties with a role in

recreation management decision processes,

although many of these parties do not ac-

tually own or manage land. The sheer size

of their land jurisdictions in southeast Utah

lend government land management deci-

|1ee|1 National Park Service

Hm Indian Reservations

|B State of Utah

Other Federal Lands

Private

Figure I Mop of land ownership in southeast Utah.

sions great weight in the region. Federal

agencies manage nearly 70% of the total

land area (Bureau of Land Management

more than half), the State of Utah man-

ages 10%, and an additional 12% is in In-

dian reservations (figure 1). Private deeded

lands make up only 9.5% of the land sur-

face area. Therefore, every local federal

agency decision-especially those of the Bu-

reau ofLand Management (BLM), National

Park Service (NPS), or U.S. Fish and Wild-

life Service (USFWS)-has enormous influ-

ence on area economies and ecosystems.

In the southeast Utah subregion, the

National Park Service alone is quite com-

plex: it has three national parks (Arches in

Grand County, Capitol Reef in Wayne
County, and Canyonlands in San Juan and

Wayne Counties); the Glen Canyon Na-

tional Recreation Area; plus three national

monuments (Hovenweep, Natural Bridges,

and Rainbow Bridge in San Juan County),

all reporting to the same regional or cluster

office in Denver, but under the jurisdiction

of three superintendents.

The National Park Service is not alone in

its organizational complexity. Within the five

county area we studied are four BLM field

offices, each reporting to the state office in

Salt Lake City; two Indian reservations,

dealing with two different area offices for

the Bureau of Indian Affairs; and three na-
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Figure 2. Communi ty aesthetics photo. Figure 3. Public facilities photo. Figure 4. Landscape vish

tional forests, with the Manti La Sal Na-

tional Forest divided into three separated

land areas. On the state level there are two

regions of the Department of State Parks

and Recreation reporting to the Utah De-

partment of Natural Resources (DNR) in

Salt Lake City; two regions of the Depart-

ment of Forestry, Fire, and State Lands,

also reporting to the DNR in Salt Lake City;

and two districts of Region 4 of the Utah

Department of Transportation. At the next

level are five counties with their associated

governance; several towns and municipali-

ties; and approximately 32 special districts.

Add to this list the Utah Travel Council,

reporting to the Economic Development

Appropriations Committee in the state leg-

islature; the San Juan County Economic

Development and Tourism Board; the Utah

Association of Counties; and the Utah

League ofCities and Towns. Still more groups

become involved when issues close to their

missions are under discussion.

The key is to understand who is likely to

be involved in specific issues and how the

mix of players is likely to affect both pro-

cess and outcome. The next phase of the

Atlas project will involve an analysis of the

groups in southeast Utah to determine likely

strategies, obstacles, and opportunities for

setting and implementing recreation man-

agement policies. We anticipate that the

complexity of the recreation management

decision arena, coupled with the large value

differences about appropriate land uses and

economic development issues, will support

our hypothesis that overlapping and con-

flicting jurisdictions hamper the develop-

ment of recreation management policy. One
point of conflict that we expect to be of

paramount importance in this analysis is

the debate about the proper level of deci-

sion-making authority and the distribution

of costs and benefits among federal, state,

county, and local governments.

Quality-of-life photograph elements

A critical element of the lifestyles of resi-

dents of local communities is their quality

of life. Just what area residents mean by

that term, however, has not been readily

discernable up to this point. To

operationalize the meaning of quality of life,

we administered a camera survey, using

"resident-employed photography." This in-

volved giving one-time-use cameras to resi-

dents of southeast Utah, and asking them

to show lis which places and features oftheir

communities and of the surrounding land-

scape were essential to their quality of life.

That exercise was followed up by a short

mail-back survey. 1

The majority of quality-of-life photo-

graphs (57%) were taken in the towns while

43% were taken in the surrounding coun-

tryside. Two-thirds of the respondents took

pictures of community aesthetics: positive

elements such as homes, subdivisions, yards

and gardens (figure 2) and a few negative

attributes such as junk cars and run-down

property. Nearly two-thirds of the partici-

pants took photos of public buildings and

facilities (figure 3), in particular schools and

libraries. Open places of business, public

parks and open space, cultural facilities such

as museums, churches, and the people of

this region were also identified as impor-

tant community quality-of-life elements.

Over 60% of the participants took pic-

tures of landscape vistas (figure 4), the most

frequently photographed positive quality-

of-life category, which includes mountains,

canyons, desert, and red-rock formations.

Water bodies (figure 5) were important in

the landscape, and so were farms and

ranches, outdoor recreation areas and ac-

tivities. Nearly three-quarters of all photos

were of positive elements and fewer than

20% were focused singly on negative qual-

ity-of-life elements.

Diverse values were used to describe why

these features or places were important to

quality of life. The most predominant value

(150, 19% of all statements) was "anything

Figure 5. Water body photo.

'The responses to this experimental research tech-

nique were fairly low: 144 cameras (41%), and
87 surveys (60%).

Figure 6. Value: children.

to do with children:" (figure 6) safe for chil-

dren, good schools for children, children

growing up with nature, etc. The next value

was "beauty, " nearly three-fourths describ-

ing the landscape or countryside. Values of

"education and learning," frequently related

to children, were third, followed by "fam-

ily"—living and recreating together, and fam-

ily connections nearby and across

generations.

Specific elements or locations that were

selected by 10% or more of each county

sample were identified as perceptually im-

portant nodes, or "PINs." PINs include city

parks, lakes and reservoirs, mountains,

schools and museums, and three national

parks and the national recreation area in

the study area, etc. Locations of PINs are

being entered into a GIS so that public land

managers and county or municipal plan-

ners can identify special places that local

residents want to ensure are protected, or

corrected if an eyesore.

See "Outside Lines" on page 16
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"Outside Lines" continuedfrom page 15

These southeast Utah residents are quite

satisfied with their communities as places

to live, rating them 5.6, on average, on a 7-

point satisfaction scale. In reporting "what

was especially good about living in their

communities," 29% cited the natural envi-

ronment, 23% community character, and

23% people and neighborhood qualities.

Respondents rated the "importance of the

natural environment to their quality of life"

very important (6.4 on a 7-point scale).

Grand and Wayne Counties, which have

popular national parks, rated tourism high-

est in importance among the counties, 6.0

on the 7-point scale. Area residents, over-

all, would prefer slightly more tourism (4.5

on a 7-point scale) than present levels.

In rating changes that could affect their

quality of life, residents wanted increases in

traditional jobs, mining, and agricultural

zoning, but also in attracting tourism, tour-

ism jobs, parks and open space, and levels

of tourism and outdoor recreation. Only

"the amount of wilderness area in south-

eastern Utah" was rated as needing to de-

crease to improve quality of life, especially

by Emery and San Juan county residents.

Older residents (over 65) were more likely

than young to middle-age adults to com-

plete the photo exercise and survey, sug-

gesting that retired persons participated

more than others in the quality-of-life study.

Some 35% of the follow-up survey respon-

dents reported being retired, and their av-

erage length of residence was 35 years. This

research produced 1,550 photographs,

showing both community and landscape

elements that need protection or correc-

tion to keep and enhance quality of life for

local residents of southeast Utah.

Quality of life & post-materialist values

In a survey ofthe general public and opin-

ion leaders on the Colorado Plateau, con-

ducted during the summer of 19982
, we

evaluated (1) the effect of several recreation

management scenarios on quality of life and

(2) residents' feeling of post-materialism.

Post-materialism is defined as the feeling

that needs such as "belonging," "self expres-

sion," and "quality of life" are among the

most important personal values (Inglehart

2 This study covered 15 counties on the Colo-
rado Plateau. In the five-county southeast Utah
part of the study there were 447 respondents

and a response rate of 53.6%. There were 118

opinion leaders with a response rate of 76.1%.

1995). Residents were selected at random

in two regions: southeast Utah; and south-

west Colorado/northwest New Mexico.

Opinion leaders, defined in this study as

persons attentive to policy issues and ac-

tively involved in community affairs, were

a targeted group. They were selected be-

cause of their influence and involvement in

recreation and resource management issues.

Our study of recreation and quality of

life in southeast Utah showed residents to

be decidedly outdoors oriented. We found

that at least occasionally 69% fish, 78%

camp, and 78% view wildlife or nature; fewer

reported that they at least occasionally hunt

(41%). When we asked questions about the

affect of specific management activities we
found general agreement that restrictions

on use of public lands would reduce the

quality of life: half (51%) of the respondents

believed that their quality of life would be

negatively affected by "limiting access to

popular camping areas" or "closing some

recreation access roads." However, only

34% believed their quality of life would be

negatively affected by "designating certain

areas for specific recreation uses;" 29% saw

this as positive (the remainder were neu-

tral). Opinion leaders were far less likely to

link reduced quality of life with these activi-

ties. For example, although 25% of opinion

leaders believed their quality of life would

be negatively affected by "closing some rec-

reation access roads," 44% believed their

quality of life would be positively affected.

Once basic needs have been met, people's

priorities turn to such post-materialist val-

ues as "belonging, esteem, and intellectual

and esthetic satisfaction." Prominence of

these values reflects a "subjective sense of

security" (Inglehart 1981). More than a feel-

ing of economic well-being, post-material-

ism is a long-term sense that life's basic needs

have been met; people with these values

emphasize self-expression, the quality of life,

and protection ofthe environment (Inglehart

1995). Our study provides an understand-

ing of how post-materialist values are ex-

pressed by the general public and opinion

leaders. This is important to federal man-

agers in a region noted for controversies

over public land management.

We found that 24% of southeast Utah

respondents expressed post-materialist val-

ues. Although this is not a majority, it con-

trasts with only 8% who expressed

materialist values, emphasizing economic

and physical security. Sixty-eight percent

of the general public sample expressed

"mixed" values. This picture was quite dif-

ferent for opinion leaders who were mark-

edly more post-materialist (45%) and less

materialist (3%). The significance of this

finding is that post-materialist values will

likely lead the public toward a need for in-

clusion in resource decisions and a greater

sense of belonging between the commu-
nity and public lands.

Economic analyses

Information on how spending by tour-

ists affects the southeast Utah regional

economy is needed for defining manage-

ment and policy options that can best pro-

vide economic opportunities while sustaining

the region's fragile natural ecosystem. To

understand the impacts of tourism on the

southeast Utah economy, we constructed

a detailed inter-industry model of the re-

gional economy to track the changes in

economic activity from spending by visi-

tors, as these dollars ripple through differ-

ent sectors of the economy. Economic

input-output (I-O) models are commonly

used to predict the total level of regional

economic activity that would result from a

change in spending (Jackson et al. 1992).

The Impact Analysis for Planning (IMPLAN)

model, developed by the U.S. Forest Ser-

vice, was used to construct a regional input-

output model of the southeast Utah

economy (Minnesota IMPLAN 1998).

A tourist usually buys a wide range of

goods and services while visiting an area.

Major spending categories include lodging,

food, transportation, and recreational equip-

ment. Tourism spending generates consid-

erable economic benefits for local businesses

that provide services to them. Average daily

travel-related spending estimates used in this

study were created by the U.S. Forest Ser-

vice from the 1991 National Survey ofHunt-

ing, Fishing, and Wildlife-Related Recreation

(US. Department of the Interior 1991).

Approximately three million people vis-

ited the southeast Utah region in 1995 (State

of Utah 1996). Estimated 1995 spending

by visitors amounted to nearly $99 million

in terms of total gross output and resulted

in 2,006 jobs (table 1). The services and

trade sectors of the economy are the most

impacted, accounting for a combined total

of 76% of total output and 89% of the jobs

created by visitor spending. Agriculture,

mining, and construction are the least im-

pacted, accounting for a combined total of

3% of total output and less than 2% of the

jobs created by visitor spending.
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A 1992 study by the Governor's Office

of Planning and Budget projected that the

number of visitors to Utah's national parks

will grow at a long-term rate of about 3.5%

per year (State of Utah 1992). At this rate,

visitation to southeast Utah would increase

to 4.23 million visitors per year by 2005.

Projected spending by visitors in the year

2005 would account for $139.6 million in

terms of total gross output and 2,829 jobs

(table 2). This increase in tourism would

result in over $40 million per year increase

in total output and 823 new jobs, as com-

pared to 1995.

Information on how changes in tourism

level affects the southeast Utah economy

provides one of the pieces needed for de-

fining the optimal allocation of publicly

managed resources there. This information

needs to be combined with information on

sensitivity of the region's natural systems

to tourism levels, provided by local resource

managers, to find the level of tourism that

Table 1 • Current output
and employment for

southeast Utah

Settor Total Output Employment

($ Millions) (# Jobs)

Agriculture 0.338 8.98

Mining 1.385 5.74

Construction 1.208 15.10

Manufacturing 4.317 34.06

Transportation 8.751 35.80

Trade 18.005 431.63

F.I.R.E. 5.841 45.65

Services 57.293 1371.19

Government 1.829 57.86

Total 98.967 2006.02

Source: Minnesota IMPLAN, 1998 (in 1995 dollars)

Table 2. Projected output
and employment for
southeast Utah
Settor Total Output Employment

($ Millions) (# Jobs)

Agriculture 0.476 12.7

Mining 1.953 8.1

Construction 1.704 21.3

Manufacturing 6.089 48.1

Transportation 12.344 50.5

Trade 25.398 608.9

F.I.R.E. 8.239 64.4

Services 80.818 1934.2

Government 2.580 81.6

Total 139.602 2829.7
Source: Minnesota IMPLAN, 1 998 (in 1995 $)

is best for the local economy and for con-

serving the area's natural resources.

Implications for national parks

The results of these social science studies

have important implications for the several

units of the national park system in south-

eastern Utah. First, the decision arena in

this region is extraordinarily complex, with

sometimes conflicting, sometimes mutually

supporting objectives among various play-

ers. Interactions in resource and land man-

agement issues occur among different levels

of government; between government and

the private sector, with business and active

nongovernment, special interest organiza-

tions (NGOs) in the region.

Quality of life for local residents has a

balanced focus between their communities

and the unique red-rock, canyon country

environment ofthe Colorado Plateau. What

the people have built for themselves-their

homes, neighborhoods, communities, fam-

ily and human relations, and church com-

munities-are essential and provide safe,

secure environments for their children. They

want their children to inherit this valuable

social-cultural resource at a level of quality

of life comparable to their own. The natu-

ral beauty of the region is also essential to

residents' quality of life: the mountains, cliffs,

canyons, lakes and rivers, the clean air, the

rural character, and the close but un-

crowded natural environment. Many of

their "special places" are, inevitably, on na-

tional forests, parks, or other public lands.

Post-materialist values are evident in a size-

able segment of the general population and

seem to be held by nearly half of the opin-

ion leaders. As residents of this area of the

Colorado Plateau find sufficient financial re-

sources to get by on, they focus on belong-

ing to this intriguing region, the aesthetic

satisfaction of it, and the quality oftheir com-

munities and landscape, their quality of life.

Residents of southeast Utah welcome

tourism somewhat hesitantly. They would

like increases in "traditional industries," but

recognize that the tourism and outdoor

recreation that the region attracts are do-

ing more for the general economy. How-
ever, many in the region see object lessons

in tourism, for example, in the sudden, over-

whelming popularity of Moab: "Be careful

what you ask for because you just might

get it." Economic input-output assessment

shows that tourism has some real positive

potential, although it is not, as projected,

transforming for the region. A 10-year in-

crease in revenue of $40 million per year

plus 825 new jobs does not seem over-

whelming to the region, but the popula-

tions of several of these counties is relatively

small. Given the probability that the rev-

enue and jobs generation would be con-

centrated in some locales, the effects could

be significant.

Communities in southeast Utah want to

see controlled growth in tourism and out-

door recreation: growth that brings visitors

into town to eat, shop, and stay overnight,

but not take away the local sense of com-

munity. Managers can help local govern-

ments or regional collaboratives develop

strategies for stimulating steady tourist and

outdoor recreation visitation growth, while

avoiding the boom and bust cycles that can

come with high-tech outdoor recreation or

with sudden destination fads. Working "out-

side the lines," in partnership with regional

communities and consortia, national park

and other public land managers can under-

stand the values of their neighbors; deter-

mine where they have shared values; and

find ways to de-emphasize differences, while

still being responsive to the laws and mis-

sions that guide them, p
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Figure I. Ecosystem management calls for collaborative

decision making and adaptive management to deal with

the problems presented by fragmented landscapes.

Ecosystem management:
Political challenges for managers and scientists

By Hahna J. Cortnek and Margaret A. Moon

Traditional resource management

grew out ofthe conservation move-

ment at the turn of the 20 th cen-

tury. That movement created professional,

scientifically-based resource management

disciplines and agencies such as the National

Park Service dedicated to reversing the pre-

vious century's practices of resource abuse

and waste. But over time the laudable con-

servationist concept of sustained yield be-

came institutionalized as a politics of

maximum sustained yield. Policy and

agency budgets came to stress commodity

production and outputs, whether timber in

case of the U.S. Forest Service or visitor

services (e.g., roads and parking areas, trails,

visitor centers) in terms ofthe National Park

Service. The "use and enjoy" side of the

National Park Service's 1916 mandate gradu-

ally overshadowed its resource preserva-

tion side. While the environmental decade

of the 1970s witnessed legislation such as

NEPA (National Environmental Policy Act)

that provided more public access to agency

decision making, strong, competing national

interest groups dominated the policy de-

bate. That debate became increasingly po-

larized, full of acrimony, and absent civility,

as exemplified by protracted battles over

spotted owls and future plans for

Yellowstone and Yosemite. Moreover, man-

agers clung to an outmoded professional

ethos that fundamental allocation decisions

regarding resources should be entrusted to

experts, i.e., themselves. This created a per-

ception of aloof and elitist bureaucrats that

further separated managers and the public.

Admittedly, the conservation movement

of the 20 th century can claim many signifi-

cant accomplishments. Nevertheless, in the

face of changes in social values, technol-

ogy, demographics, and scientific knowl-

edge, the governance framework that

evolved out of that movement does not

currently fare well under critical assessment.

It is increasingly being recognized as not

sufficient for achieving either ecological or

democratic sustainability. Thus, ecosystem

management, which is organized around

the concept of long-term ecological

sustainability, is being proposed and applied

as an alternative. Our research (The Politics

ofEcosystem Management, Island Press, 1999)

examines the patterns of politics that gave

rise to the call for ecosystem management,

the criticisms it faces, and the political chal-

lenges that successful implementation of

such an alternative will necessarily entail.

A paradigm shift?

The principles and ideals of ecosystem

management differ so much from tradi-

tional resource management that several

observers have called ecosystem manage-

ment a paradigm shift, i.e., a revolution in

the ideas, values, assumptions, and meth-

odologies that guide scientific inquiry and

management practice. Unlike traditional

management, ecosystem management does

not begin with enumerating outputs; in eco-

system management objectives are related

first and foremost to the condition of the

ecosystem. Ecosystem management makes

ecological sustainability-long-term mainte-

nance of ecosystem productivity and resil-

ience-a primary goal. Levels of use are

adjusted to meet that goal. Protection and

restoration ofecosystem structures and pro-

cesses, particularly biodiversity, is para-

mount. Ecosystem management further

recognizes a critical interdependence be-

tween social and ecological vitality and in-

cludes humans and human societies in

resource management to an unprecedented

extent. It breaks new ground by insisting

that the social and political basis of natural

resource management goals be made ex-

plicit and by encouraging their development

through an inclusive and collaborative de-

cision-making process (figure 1). Ecosys-

tem management is based on an ecosystem

science that integrates many disciplinary ap-

proaches. Given the recognized complexity

and dynamic nature of ecological and social

systems, ecosystem management embraces

the concept of adaptive management, which

requires constant reassessment and revision

as new information becomes available.

While the principles of ecosystem man-

agement certainly imply a dramatic shift

from the patterns of politics that came to

characterize much of natural resource man-

agement, it is nonetheless premature to

declare ecosystem management the new

paradigm. First, ecosystem management

faces strong and wide-ranging criticisms

from both sides of the political spectrum.
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Critics say that it is fuzzy, ambiguous, and

untested, politically and legally untenable,

full of contradictions, an effort by resource

experts to recapture the ground they have

lost since extensive public participation was

institutionalized in the 1970s, a plot to turn

all public land into nature preserves and

parks, and a threat to private property

rights. Second, while substantial informa-

tion has been accumulated regarding eco-

logical processes and the political

dysfunction of the traditional paradigm, the

values, theories, methodologies, and tools

of the old paradigm have not yet been fully

discarded. Maximum sustained yield and

"expert" decision making by resource man-

agers are still the norm in many cases.

Agencies remain wedded to traditional pub-

lic involvement programs that feature one-

way communication and focus more on

meeting legal thresholds and gaining sup-

port for proposed agency plans than on

meaningful public deliberation. Utilitarian

human-use values and demands continue

to trump efforts to preserve park resources

and protect biodiversity. Major decision-

making entities such as Congress remain

committed to the traditional paradigm. The

politics of interest still dominates.

Clearly there are a number of major

philosophical and institutional hurdles to be

addressed and overcome before ecosystem

management can be fully accepted and

implemented as a new paradigm. Profound

changes in the American governance sys-

tem in its philosophy, institutions, notions

of citizenship, politics, and resource man-

agement practices will be necessary. These

changes range from redefinition of the val-

ues defining relationships among humans

and nature and between citizens and gov-

ernment, to creation, reform, or even dis-

mantling of traditional resource

management institutions. This will entail, at

a minimum, reexamining laws and policies,

rethinking property rights (both public and

private), changing administrative organiza-

tions, aligning market operations with the

goal of sustainability, and building social

capital for more effective public engage-

ment. Changes by all players in all institu-

tions will be necessary. If resource

professionals, for example, are unwilling or

unable to withstand a radical revision of

their own values, management practices,

and institutional structures, a paradigm shift

seems unlikely. Instead the rhetoric of eco-

system management will be applied with-

out any meaningful shift in management

attitudes and practices and lasting results

on-the-ground. National Park Service man-

agers will therefore need to reexamine

management practices and standard oper-

ating procedures to ensure that they pro-

mote behaviors that advance the principles

of ecosystem management, learn to share

power with a variety of community groups

and sister agencies, more actively engage

citizens in park decision making, and align

budget priorities to achieve the ecosystem

management goals. Likewise, park scien-

tists will need to embrace changes in the

institution of science.

Changes in the institution of science

Changes in scientific inquiry will mean

new methods, new research questions, and

new roles for park scientists and managers.

Innovative ways to provide more avenues

for direct public participation in the scien-

tific enterprise will need to be developed.

Adaptive management will require greater

use of lay people and volunteers to assist

with monitoring, analysis, and evaluation.

Such a "civic science" will encourage citi-

zens to serve as lay scientists and manag-

ers. This will also require science to make a

renewed commitment to providing policy-

relevant information as society makes the

social and ethical decisions that shape

sustainability. Park Service scientists and

managers, for example, will need to learn

new ways of working with the public (in-

cluding park visitors and nearby commu-

nities) in the process of developing and

interpreting scientific data and analysis (fig-

ure 2). Science, therefore, will be used to

inform a more public and fully deliberative

decision-making process.

Ecosystem management will also require

scientists to address more effectively the

split between the social and natural sciences.

Because ecosystem management stresses

the importance of humans in the ecosys-

tem and socially derived goals and objec-

tives, park science will need to reflect a

larger social science role. Park social sci-

ence will need to focus both on issues in-

ternal and external to the parks,

determining, for example, how visitors re-

late to park resources and services, how
management decisions affect, and are af-

fected by, social, economic, and political

conditions in surrounding communities, and

how incentives can be devised and barriers

removed for managing across ownership

boundaries. Monitoring will include social

analysis and evaluation of lessons learned

Figure 2. Visitor education programs will have

expanded roles in ecosystem management.

through experimentation with new institu-

tional arrangements and policy tools.

Organizational change
The importance oforganizational change,

especially in how resource agencies relate

to one another and the public, is crucial to

adoption of an ecosystem approach. Eco-

system management means management

across ecological, political, generational, and

ownership boundaries. Defining manage-

ment units ecologically rather than politi-

cally will require recognition of the mutual

responsibility for ecosystem processes that

transcend conventional boundaries and co-

ordination to an unprecedented degree (fig-

ure 3, next page). The greater Yellowstone

ecosystem is perhaps the most frequently

cited example of a complex set of multiple

resource problems originating from a sys-

tem that divides ecological processes into

distinct units for management by multiple

entities. But in countless other park areas,

new institutional arrangements and collabo-

rative processes will also be necessary to

manage park problems originating from

other jurisdictions. Such problems, for ex-

ample, range from the urban and commer-

cial development pressures on nearby lands

that is affecting Saguaro National Park, Blue

Ridge Parkway, and Gettysburg National

Military Park, to the air pollution from dis-

tant sources that is imperiling Mount
Rainier, Grand Canyon, and Big Bend Na-

See "Political" on page 20
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"Political" continuedfrom page 19

Figure 3. When management units are defined ecologically ra ther than by arbitrary political boundaries,

greater coordination will be required to deal with the realities and impacts of different ownership objectives.

tional Parks. While working from an eco-

system management perspective may cer-

tainly mean more Park Service input into

management of lands adjacent to its units,

it may also mean less agency control over

management and science within park

boundaries. Consequently, similar organi-

zational adjustments will be required to

enable Park Service personnel to more ef-

fectively explore with adjacent communi-

ties and interested stakeholders off-park

problems arising from proposed changes

in park operation, such as road and camp-

ground closures, species reintroduction, or

the use of fire.

Bureaucratic efforts to protect agency

domains, however, have long

been recognized as one ofthe

impediments to effective co-

ordination. Turf battles per-

sist among agencies and

different levels ofgovernment;

specialists in one agency lack trust in simi-

lar specialists in another. Cultural barriers

divide managers and scientists. Even within

agencies there may be competition among

specialists or different parts of the agency;

better external coordination can occur only

when there is better internal coordination.

Coordination is both a process and a struc-

ture of relationships that distributes power,

access, and resources.

The recent upsurge in the formation of a

number of collaborative, community-based

conservation and watershed groups is an

encouraging sign. These groups present one

means of addressing both environmental

concerns for ecological sustainability and

democratic concerns for justice and eco-

nomic equity. Citizens involved in collabo-

rative efforts, however, often cite

bureaucratic barriers such as agency iner-

tia, administrative red tape, lack of inter-

agency coordination, jurisdictional conflicts,

and "reactionary policies" as impediments

to their efforts to work collaboratively with

agencies. Moreover, agency personnel at

the local level who want to be involved in

community processes frequently find that

they lack support from administrative su-

periors. The Park Service has been involved

For change to occur, agency incentives

and rewards systems will need to be ad-

justed to ensure that they encourage and

reward behaviors consistent with an eco-

system approach. National Park Service

managers will need to ensure that agency

culture fosters a spirit of cooperation and a

willingness to share power with other agen-

cies, nongovernmental organizations, and

private citizens. Social science that focuses

on the processes and consequences of or-

ganizational change can assist park man-

agers in revamping their units to create a

learning organization that operates in an

adaptive management mode.

Conclusion

Ecosystem management is not just about

science-more science, better science,

needed science. It is also about politics and

political choices; new patterns ofpolitics will

be required. Political choice will determine

how ecosystem management evolves in the

future-whether it creates new and viable

patterns of politics to supplant traditional

modes and how it progresses toward the

goal of long-term ecological sustainability.

Neither Park Service managers nor scien-

tists can thus afford to ignore the political

nature of ecosystem management. The

political challenges of ecosystem manage-

ment must be recognized and confronted

if ecosystem management is to move be-

yond theory and the noteworthy, but lim-

ited, applications made to date. In meeting

these political challenges park science-in-

cluding social science disciplines working

in concert with other scientific disciplines,

park managers, and the public-has a sig-

nificant role to play, p

Citizens often cite bureaucratic barriers such as agency inertia, administrative red tape, lack

of interagency coordination, jurisdictional conflicts, and "reactionary policies" as

impediments to their efforts to work collaboratively with agencies.

in a number of large-scale, ecosystem ef-

forts at the regional level, e.g., Everglades

and Yellowstone, as well as in several com-

munity-based efforts. More needs to be

done, however, and much more needs to

be learned about how to make the agency

more effective participants in such collabo-

rative groups. In this regard, allocating time

and dollars for developing and fostering

relationships with communities outside park

boundaries will need to be recognized as

just as important as administrative work

inside park boundaries.
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Figure I Sign of the times-warm weather and rains

combined to melt the alpine snowpack in Yosemite

National Park in early 1997, resulting in widespread

damage to park facilities, park closures, and

reductions in local, regional, and state tourism

spending.

E<onomi< analysis of national park issues:

An assessment of the impacts of the 1997 floods in Yosemite National Park

Br Chris Mir and John Duffed

For anyone who has visited small

towns such as West Yellowstone,

Montana, or Mariposa, California,

one thing quickly becomes evident. Com-
munities that are adjacent to large national

park units have economies that are highly

dependent on travel spending by park visi-

tors. This degree of dependence can vary

dramatically from park to park depend-

ing on such factors as location and an-

nual visitation to the nearby park and the

size and complexity of the local economy.

The highest level ofeconomic dependence

is found in small tourism-oriented com-

munities in relatively rural areas. It is not

surprising, therefore, that when either

natural events or shifts in park policy lead

to substantial changes in visitation to these

parks, local residents can become quite

concerned. The issue of how declines in

park visitation will impact the local

economy is of more than just academic

concern for these tourism dependent

communities. Because of the close ties be-

tween some park units and local economic

activity, it is important for park manag-

ers to have an understanding of the tools

and methods used to explore this type of

economic interdependence.

The National Park Service (NPS) has

long had an in-house tool (called the

Money Generation Model or MGM) to

estimate the economic impacts of visita-

tion changes. A recent review of this

model identified limitations in the param-

eters used by the model, including multi-

pliers, expenditure estimates, and

assumptions concerning measures of visi-

tation changes (Duffield et al 1997a). This

article provides a brief overview of an

NPS-sponsored 1997 study (Duffield et

al 1997b) that utilized tools other than

the MGM to analyze the impacts of the

1997 flood in Yosemite National Park on

economic activity in surrounding com-

munities and counties.

Between January 1 and 3, 1997,

Yosemite National Park was struck by the

largest flood in the park in over 40 years

(figure 1). Heavy rains combined with a

large snowpack led to high water that

immersed much of Yosemite Valley and

washed out roads and utilities in the park

and downstream along Highway 140 to

El Portal. The flood caused significant

damage to the park infrastructure, build-

ings, roads, employee housing and visi-

tor services. The park was fully closed in

January and only partially open in Febru-

ary and March. By late January 1997 (just

one month after the onset of the flood)

the park was able to provide a prelimi-

nary damage assessment and outlined a

$178 million estimate of the costs to fully

restore roads, trails, utilities, buildings, and

grounds (NPS 1997). Damages to private

property (primarily park concessioner

property) were estimated at $7 million

(Yosemite Concession Services Corpora-

tion 1997).

Because ofthe substantial economic im-

pacts of the flood, visitor closure, and pro-

posed recovery actions, the National Park

Service chose to conduct an economic

assessment of the flood. This assessment

identified, described, evaluated, and esti-

mated the economic impacts of the flood,

park closures, and the reconstruction

spending on the local, regional, and state

economies. Economic impacts associated

with the flood were expected to fall into

two general classes: (1) negative impacts

on local economic activity and on the vis-

iting public due to park closures and travel

restrictions, and (2) positive impacts on

local economic activity due to reconstruc-

tion spending within the park.

Our study used two very different but

complementary economic perspectives to

examine these impacts: regional economic

modeling and models of demand for out-

door recreation. Regional economic mod-

eling was used to identify the relationship

between changes in expenditures (in this

case expenditures by visitors to Yosemite,

on food, lodging, and other retail items)

and overall activity in the local economies.

The usual measures of expenditure im-

pact are changes in personal income, em-

See "Economic" on page 22
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"Economic" continuedfrom page 21

ployment, output, and tax revenues. Re-

gional economic modeling describes the

impacts of local expenditure changes on

individuals and business. Our study used

the basic input-output models and data

sets provided by the impact analysis plan-

ning (IMPLAN) software (Minnesota

IMPLAN Group, 1996).

The impacts of park closure or travel

restrictions on people unable to visit

Yosemite, or the Yosemite area, are not

measured within the regional economic

framework, but rather using models of

demand for outdoor recreation. Regional

economic models are based only on mar-

ket transactions (the buying and selling

of goods or services). The impacts asso-

ciated with consuming services, such as

entry into Yosemite National Park, that

are not priced in the market (or are only

marginally priced) cannot be fully mea-

sured within the regional economic

framework. Visitation to Yosemite is only

minimally priced (until March 1997 at

only $5 per car, and $20 per car today)

and does not reflect the full value of the

service derived. When individuals will pay

upwards of $100 per day for golf green

fees or $50-$100 per day to fish rivers in

areas such as Montana or Idaho, one can

be sure that the market price to visit

Yosemite is not $5 or even $20. Recre-

ation demand models such as travel cost

models or contingent valuation models

can be used to estimate the value associ-

ated with these nominally priced services.

(An overview of these types of models is

provided in Ward and Duffield 1992, and

Braden and Kolstad 1991).

Our analysis of the regional economic

impacts associated with reduced visitation

to Yosemite National Park required two

primary data: (1) the estimated reduction

in visitor days due to the flood impacts,

and (2) the estimated expenditures per

day for these types of visitors. Informa-

tion on park visitors and their expendi-

tures was collected in 1990-91 by James

Gramann (1992a, 1992b). Estimates of

visitor expenditures per day were devel-

oped based on Gramann and other

sources. Yosemite National Park visitation

statistics were obtained through NPS staff

at the park and at Lakewood, Colorado.

Estimates of visitation reductions

In undertaking this analysis, there was

some uncertainty in projecting the tim-

ing and scale of both the recovery activi-

ties and future visitation to the park.

Similarly, it was difficult to project ex-

actly how visitation levels would respond

to interrelated factors including reductions

in lodging and camping units, ongoing

road construction, and changes in visitor

fees associated with the Fee Demonstra-

tion Program.

Based on the combined effect of the

reductions in lodging, campsites, and road

capacity, we estimated that the flood ef-

fects would result in between 204,000 and

630,000 fewer recreational trips to the

park in 1997, depending on the set of

assumptions concerning when facilities

would be repaired and available for use.

We further estimated that in 1998,

122,000 fewer recreational visits would

be made to Yosemite National Park due

to flood impacts.

Regional economic models

and findings

Using IMPLAN, regional economic

models were developed for the state of

California and four counties surrounding

the park: Mariposa, Merced, Tuolumne,

and Madera. In the most heavily impacted

county, Mariposa County, we estimated

that 1997 personal income would be re-

duced by $1,159 per capita ($18 million

for the entire county). Additionally, Mari-

posa County was estimated to lose 956

jobs and $1.67 million in county occu-

The spending associated with the 1997

emergency action and reconstruction ac-

tivities in the four-county area to some

extent offset the decline in visitor spend-

ing. However, even assuming that 20%
of direct reconstruction dollars went to

businesses in the four counties, losses

from visitation reductions still lead to

large net personal income losses in 1997.

Considering net losses associated with

reduced visitor expenditures and gains

from reconstruction spending within the

counties, we estimated that net aggregate

1997 personal income in the four-county

area would be reduced by $24.23 million

and that 1,301 jobs would be lost. It is

important to note that these estimated

losses are annual averages. While employ-

ment may have been down significantly

during the January-March shutdown pe-

riod, it may have largely recovered later

in the year.

Recreation demand model
and findings

Our recreation demand analysis focused

on losses suffered by visitors who would

have visited Yosemite except for the flood-

related closures (estimated to be between

204,000 and 650,000 in 1997). Based on

estimates of visitor benefits derived from

previously published studies, the value per

recreational visitor trip was estimated to

be between $124 and $358 in 1997 dol-

lars (Walsh 1990, Clawson 1959, and

Duffield 1992). The 1997 visitor losses

were estimated to be within the rather

wide range of $26 million to $233 mil-

Ule estimated that net aggregate 1997 personal income in the four-

county area [surrounding the park] mould be reduced by $24.23

million and that 1J01 jobs mould be lost (annual averaqes).

pancy and sales tax revenues. The per-

sonal income loss amounts to a 6.6% de-

cline in this measure of economic activity.

The remaining three counties we studied

all showed much lower income losses (the

estimated per capita personal income

losses for Madera, Tuolumne, and Merced

Counties were $27, $50, and $7 respec-

tively). This result is consistent with our

finding that among the four counties

Mariposa County has, by far, the highest

percentage of its output and employment

tied to tourism-related economic sectors.

lion. These loss estimates are an upper

bound since they do not take account of

substitute activities a visitor may have cho-

sen to pursue instead of visiting Yosemite.

While those would-be visitors who were

prevented from visiting the park due to

the flood suffered economic losses, in the

longer-term (post-recovery), it is likely

that the total benefits visitors derive an-

nually from the park will be increased by

the change associated with the recovery

activities. It is expected that Yosemite Val-

ley will be more aesthetically pleasing and

better organized due to a reduction and

22 Park Science



reorganization of structures. In addition,

the shift of some lodging, camping and

administration activities outside of

Yosemite Valley should reduce congestion

as noted in the General Management Plan

(NPS 1980).

Estimates in retrospect

From the perspective of two years af-

ter our initial report, we know that the

actual decline in Yosemite National Park

visitation between 1996 and 1997 was

375,000 visitors. This estimate falls well

within our estimated range of visitation

losses. At the time of our 1997 analysis

there was a great deal of uncertainty re-

garding the speed of infrastructure re-

Yosemite in 1998 was $196. This estimate

is near the midpoint of the range of esti-

mates used in our 1997 study.

Conclusions

The results of our study of the eco-

nomic impacts of the 1997 Yosemite

floods underscored the strong linkages

between visitation to the park and em-

ployment and income in the counties and

communities surrounding the park. Those

counties and communities closest to and

with the strongest economic ties to tour-

ism and tourist spending were the most

heavily impacted by visitor reductions.

However, a tentative conclusion of our

study is that on aggregate the net losses to

Those counties dnd communities closest to and with the strongest

economic ties to tourism dnd tourist spending mere the most hedvilu

mpacted by visitor reductions.

construction within the park and the re-

sponse of visitors to the flood damage

and constraints imposed by reconstruc-

tion activities. Our 1997 report assumed

that all park lodging constraints would

be removed by July, 1998, and the park

would be back to full visitation levels that

month. Conversations in January, 1999,

with Mike Osborne (the fee coordinator

for Yosemite) indicated that the park still

has not fully recovered from the flood.

The park currently has 200 fewer lodg-

ing units and 350 fewer campsites than

before the flood. Additionally, road clo-

sures and traffic delays continue to cause

difficulties for park visitors. Actual visita-

tion to Yosemite in 1998 was about

389,000 below visitation for 1996. It is

clear that negative impacts of the 1997

flood in Yosemite are still affecting visita-

tion levels to the park. A complicating

factor is that beginning in 1997 fees were

increased in Yosemite. However, prelimi-

nary analysis of other similar parks such

as Yellowstone indicate that any price re-

sponse to fee changes to date has been

negligible (Duffield et al. 1999).

While our 1997 report relied on previ-

ously published data and value estimates,

in 1998, an NPS-sponsored visitor sur-

vey in the park asked questions on visitor

willingness to pay for their trip to Yosemite

National Park. From these survey ques-

tion responses we estimated that the me-
dian willingness to pay for a trip to

potential visitors from the Yosemite flood

and travel restrictions substantially ex-

ceeded the losses suffered by employees

and business owners in the adjacent coun-

ties. The most heavily impacted specific

individuals, however, were undoubtedly

among the local business owners and their

employees rather than visitor populations.

The per trip loss for the average visitor

was on the order of $200 but the per

capita losses in Mariposa County, the most

heavily impacted county, (allocated over

the entire county population) was approxi-

mately $1,200. This latter estimate would

be much higher if computed for the most

affected subpopulations-business owners

and employees in tourism-related

sectors, p
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Puklh partidpation:
Relevance and application in the National Park Service

BY StJH JlillR AND JHOMAS WCBIER

Government agencies are under in-

creased pressure to conduct policy

planning and decision-making ac-

tivities in more transparent and inclusive

ways. The clear trend is toward broader

and more frequent public involvement and

collaboration. For example, the U.S. Fish

and Wildlife Service organizes deliberation

among stakeholders for endangered spe-

cies recovery planning (Clark et al. 1994,

Clark and Wallace 1998). The Army Corps

of Engineers has experimented with a vari-

ety of collaborative problem solving and

public participation techniques (Creighton

et al. 1998). The U.S. Forest Service con-

tinues implementation of a variety of ap-

proaches to public participation, including

"collaborative learning" and adaptive man-

agement planning (Gericke et al. 1992,

Sarvis 1994, Shindler and Creek 1997). At

its nuclear weapons production sites where

cleanup is the major issue, the Department

of Energy has set up site-specific advisory

boards (Bradbury and Branch 1999).

Throughout many parts of the federal gov-

ernment, and within state governments as

well, involvement of stakeholders and citi-

zens is becoming a priority issue.

To "conserve the scenery and the natural

and historic objects and the wildlife therein

and to provide for the enjoyment of the

same" (NPS Organic Act, 1916, 16 U.S.C.

sec. 1), the National Park Service must ac-

commodate a multiplicity of values and in-

terests among those who would use, enjoy,

and protect park resources in much the same

way as other agencies must accommodate

diverse values and interests in their deci-

sion making. In fact, enabling legislation for

new parks, such as Boston Harbor Islands

National Recreation Area and Death Valley

National Park require involvement of ma-

jor stakeholders in park management deci-

sions. Park and resource management
planning as well as the National Environ-

mental Policy Act (NEPA) process are other

areas where parks are increasingly incor-

porating participatory activities. Voyageurs

National Park has used extensive public in-

volvement activities to develop a new gen-

eral management plan. Opportunities for

public involvement include, for example,

public hearings, advisory committees, and

working groups.

Responding to these new demands pre-

sents important challenges, including how
to run processes that: (1) make use of the

best science available; (2) are widely seen

as fair and legitimate by all involved; and

(3) use financial and staff resources in a

responsible manner. In this article we re-

view the reasons why public participation

should play a growing role in National Park

Service activities as we enter the next cen-

tury. We also describe how recent social

science research can provide lessons to

guide managers' efforts to design and imple-

ment public participation.

Rationales for participation

In the past decade, social science research

has made a great deal of progress on two

questions:

(1) why public participation should oc-

cur. For example, people still disagree about

whether lay people should be involved in

agency decisions at all.

2) how to best design and implement a

participation process. For example, there is

uncertainty about how to best involve,

meaningfully, diverse lay people and scien-

tists in an efficient, effective decision-mak-

ing process.

In 1990, Daniel Fiorino provided a won-

derful approach to answering the "why"

question when he outlined three kinds of

reasons for involving the public in decision

making: instrumental, substantive, and nor-

mative.

Instrumental reasons for public

participation

These reasons are associated with achiev-

ing program goals. For example, a park may

promote participation by recreation inter-

est groups in management planning because

it helps ensure that resource use guidelines

are followed. In some instances self-enforce-

ment may be the only option available to

parks. Instrumental reasons for public par-

ticipation are that it helps achieve mandate

and goals, reduces legal challenges, enhances

legitimacy and trust, reduces costs, and re-

duces conflict.

Participation can enhance legitimacy and

build trust (Renn 1998, Tuler and Webler

forthcoming). They can help an agency or

organization achieve programmatic goals

when people are more likely to defer to

decisions that are viewed as being legiti-

mate and when the decision maker is

trusted. Recent social science research has

revealed that important attributes leading

to trust are how much an organization is

seen as caring and committed to the people

affected by it (Kasperson et al. 1992; Peters

et al. 1997).

Finally, public involvement can reduce

costs and conflict associated with a deci-

sion. Although participation can be costly

in terms of staff effort and time, it is not as

costly as the legal challenges and delays

that can come about from inadequate in-

volvement. Parties who feel included in the

decision making may be less likely to see

legal action as necessary. Conflict reduc-

tion is another benefit. Some groups or in-

dividuals opt to intervene through external

political means such as protests, backdoor

politics, or public confrontation. Experience

has shown that these strategies can be dis-

abled by offering these parties a meaning-

ful role in the process (Bleiker and Bleiker

1995). If they refuse to participate, the

group can loose its public legitimacy. For

instance, many believed that northern New
England avoided a spotted owl-type con-

troversy because of the extensive, inclusive

process undertaken by the Northern For-

est Lands Council (McGrory-Klyza and

Trombulak 1994).

Substantive reasons for public

participation

These reasons are associated with mak-

ing better decisions. For example, when

Rocky Mountain National Park wanted to

improve the scenic experiences of visitors,

social science researchers handed out re-

turnable cameras to visitors, asking them

to photograph positive and negative scenes.

This provided direct access to visitor pref-
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erences (Taylor 1998). Substantive reasons

for public participation included more

knowledge, new ways to define the prob-

lem, new ways to envision solutions, and

solutions that are more acceptable.

While technical experts can generate

sound alternatives, they can also miss im-

portant information or suggest options that

are not acceptable to the public. The fol-

lowing illustrations from transportation

planning and public health protection illus-

trate how public participation can improve

the quality of decision making:

• In Holland, when faced with a number

of unacceptable alternatives, citizens

brainstormed a solution that experts

missed-using the breakdown lane-to

solve a temporary traffic problem

(Pestman 1998).

• On Cape Cod, Massachusetts, conserva-

tionists and fishermen are collaborating

to design gill-net breakaway devices that

meet the needs of fishermen while also

ending incidental takings of endangered

right whales (Wiley 1998).

• In western Nevada, Department of En-

ergy scientists ignored a key pathway of

exposure to Shoshone Indians from

nuclear weapons testing fallout because

they failed to recognize that the Shoshone

eat wild hare, including the hares' thy-

roid gland, which increases the exposure

to radioactive iodine (Frohmberg 1999).

Normative reasons for public

participation

These reasons are associated with con-

cepts of right and wrong. In a democratic

society, we assume that citizens should have

some say in decisions that affect them

(Cvetkovich and Earle 1994, Rosenbaum

1978, Wellman and Tipple 1990). Some
social science researchers have linked this

to the idea of informed consent-that gov-

ernment has the responsibility to obtain the

consent ofthe governed (National Research

Council 1996, Shrader-Frechette 1993,

Bleiker and Bleiker 1995). Normative rea-

sons are extremely important to members

of the public, while agency staff may be

more focused on instrumental or substan-

tive reasons. Normative reasons for public

participation are respectful of the individual,

give people a chance to be heard, and in-

volve citizens in governance.

Applying social science research to

public participation

Now we turn to the "how" question: how
should public involvement be done? Re-

cently, this has been the subject of some

interesting social science research. Foremost

is the publication of a report by the Na-

tional Research Council called Understand-

ing Risk: Informing Decisions in a Democratic

Society (1996). While the report is about

risk decision making, it is widely applicable

to a range of issues, including park man-

agement.

The committee that wrote the report

stressed the need to distinguish between

two fundamentally different ways of mak-

ing sense about the world. They called these

analysis and deliberation. Analysis includes

science, but also systematic investigation

and reasoning by citizens or stakeholders.

Deliberation includes political debates about

preferences, but also the talk that goes on

among scientists as they evaluate each

other's work or design studies. Both citi-

zens and experts need to participate in analy-

sis and deliberation (Webler and Tuler 1998).

It is important to understand that the re-

port does not make and less legitimate the

importance of science and technical analy-

sis in policy making. Rather, it sees analysis

and deliberation as equally important and

mutually supportive ways of building un-

derstandings.

Many of the activities conducted by the

National Park Service, such as developing

resource management plans, are appropri-

ate for an analytic-deliberative process. In a

recent article in Bioscience, Dietz and Stern

(1998) argued that broadly based delibera-

tive processes to guide and interpret scien-

tific analysis are appropriate for situations

characterized by:

• Multidimensionality. For example, park

management plans can have many ef-

fects on local communities, park re-

sources, and visitors' experiences. The

benefits and costs of different decisions

are not equally shared by all.

• Scientific uncertainty. For example, there

are many uncertainties associated with

ecosystem functioning, wildlife popula-

tion dynamics, and visitor behaviors and

preferences. Parks must address such un-

certainties and find ways to cope with

them.

• Value conflict and uncertainty. For example,

people differ in the importance they at-

tach to the outcomes of decisions. Some

people wanted Olympic National Park

to maintain exotic populations of moun-

tain goats, while others were more con-

cerned with the impacts of the goats on

native wildflowers.

• Mistrust. For example, local communi-

ties may not trust a park if they perceive

it to have been established through an

illegitimate taking of private lands.

• Urgency. For example, it is often not fea-

sible to wait for additional scientific cer-

tainty or resolution of value conflicts.

The challenge, of course, is to find the

right combination of analysis and delibera-

tion at each step of a decision-making pro-

cess. Conducting competent science is

clearly a key part of a successful process,

but so is getting the relevant science. Even

the best analysis may be useless if it does

not relate to what people care about. Get-

ting the participation right means doing the

outreach correctly, so that the appropriate

parties are involved. Getting the right par-

ticipation means finding the appropriate way

to involve stakeholders and citizens in the

process. The National Park Service and in-

dividual park units will not be served well

by dedicating all resources and staff to pub-

lic participation. Rather, we suggest that

NPS managers should consult with a wide

range of affected parties. Together they can

best decide when and how to conduct a

participatory process. Certainly, caution

must be exercised to avoid implementing

an elaborate process when a more simpli-

fied (and less costly) one will suffice, and

vice versa.

Lessons from prior research

The Understanding Risk report offers some

initial guidance for matching policy prob-

lems with process designs through a diag-

nostic activity. Just as a medical doctor

diagnoses a patient's condition, staffers can

diagnose a policy environment and propose

an appropriate policy making instrument.

As with medicine, "cookbook" clarity is

impossible (National Research Council

1996, see also Earle and Cvetkovich 1991,

Webler 1997). On the other hand, we do

not need to reinvent the wheel every time.

During the past 10 years social science

researchers have learned much about how

to do public participation better. Lessons

can be learned from prior experiences, in-

cluding those of other federal agencies such

See "Participation " on page 26
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"Participation " continuedfrom page 25

as the Environmental Protection Agency,

U.S. Forest Service, Army Corps of Engi-

neers, Centers for Disease Control and Pre-

vention, and Department of Energy. These

experiences can help NPS and park man-

agers make judgments about the appropri-

ate amounts of analysis and deliberation

throughout a process. Like any judgment,

a number of needs must be balanced.

Among them are: How to gather and use

the best information? How to ensure broad

and meaningful participation? How to make

a decision with available-but limited-re-

sources? And how to reduce the uncertain-

ties inherent to a tolerable level?

For example, a key lesson from prior re-

search is that everyone measures success

differently, both in regard to process and

outcomes-and not everyone may agree

with each other (Carnes et al. 1998, Landre

and Knuth 1993, Lauber and Knuth 1997,

Moore 1996, Shindler and Neburka 1997,

Tuler and Webler 1999). Thus, conveners

of a process should identify the ways that

different participants define success. While

"success" can be defined in many ways, in

the context of federal and state agency ef-

forts the definition should at least in part be

related to the need to show that resources

(e.g., funding, staff time) are being used ef-

fectively and that the greatest amount is

being done for the least amount of effort.

Other lessons have to do with the oppor-

tunities for participation and the forms of

interaction that are created among the par-

ticipants. For example, to effectively ensure

that participation is meaningful for all, con-

vening organizations must do more than

focus simply on balanced representation and

opportunities for participation. They must

also support participation and the balancing

of influence, so that prejudice, preferential

treatment, or imbalance in resources nec-

essary to participate effectively are elimi-

nated (Kasperson 1986, Renn 1992, Renn

et al. 1995). The best processes ensure pro-

active outreach to those who may be af-

fected by a decision (Bleiker and Bleiker

1995, Tuler and Webler forthcoming). Con-

veners of a process should conduct a pre-

liminary investigation into their expectations

and find a way to involve at least the most

outspoken of these parties in the design of

the process. This can require that agencies

learn who they need to talk with about a

decision (e.g., Force and Williams 1989).

Agencies are often judged for their respon-

siveness and accountability on the basis of

how well potentially affected parties are kept

informed of activities and decisions. Lastly,

participants care about the quality of their

discussions and interactions, including be-

ing treated respectfully and being heard or

listened to (Becker et al. 1995, Bradbury

and Branch 1999, Hartley 1998, Tuler forth-

coming, Tuler and Webler 1999). Because

of their pivotal role, facilitators should ask

that participants agree to basic ground rules

about how questions are asked and infor-

mation presented.

Conclusion

Social science research offers a tremen-

dous resource to NPS managers as they

engage in participatory planning and deci-

sion-making activities. Both planners and

participants will benefit by developing

greater familiarity with the participation

techniques and resources that are available.

Public participation consultants offer courses

and training in these areas. Some offer

"coaching" to help planners work through

problems that arise. In addition, there is a

wealth of case studies describing innova-

tive and exemplary participation processes.

Familiarity with that literature will enhance

the ability of NPS managers to think cre-

atively about how to design processes. They

should adapt what is known to the specific

needs in the National Park Service. For ex-

ample, the National Park Service could ben-

efit from developing its own diagnostic

guidelines for matching process features

with problem types.

At the same time, the National Park Ser-

vice may face constraints that others have

not, and careful attention will need to be

given to which lessons are relevant. The

Park Service has a narrow mission as de-

fined by the Organic Act to conserve re-

sources and provide for their enjoyment.

Thus, for example, the lesson that a pro-

cess should be inclusive of all concerns may

not always be possible. Public participants

may want to include issues that are outside

of this mission.

Yet, the National Park Service cannot hide

behind its narrow mission. The political cul-

ture is evolving toward greater public ac-

countability and participation in governance.

As the National Park Service responds to

this change, it can find much usable knowl-

edge from social science research, p
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So€ial impa<t assessment:
Understanding how outside development alters the park experience

By Rabel J. Burdge

Attempts at modernization in both

first and third world countries

have altered the physical envi-

ronment and created untold financial

problems, disrupting the lives of count-

less millions of the world's population.

When the developments were few and

the numbers of people small, concern was

less and the impacts on life-sustaining eco-

systems fewer. However, accelerated

growth has brought the earth's resources

and its people closer to sustainable limits.

As a result, community leaders, govern-

ment agencies, legislators, and even the

average citizen want to know the conse-

quences and impacts of developmental

change prior to project approval and the

permit to go ahead.

By SocialImpactAssessment (SIA), I mean

the systematic analysis in advance of the

likely impacts a development event (or

project) will have on the day-to-day life

(environment) of persons and communi-

ties. We do social impact assessment to

help individuals, communities, as well as

government agencies and private sector

organizations understand and be able to

anticipate the possible social consequences

on human populations and communities

of proposed project development or

policy changes. Social impact assessment

allows people to understand in advance

the consequences of a proposed action

or policy change. Like a biological, physi-

cal, or economic impact, a social impact

has to be pointed out and measured. It

may impact big numbers of people as

would restricting auto traffic in Yosemite

or fewer numbers, as for example, the

closing of a hospital in a rural commu-
nity. It may be required by law, as in the

case ofthe National Environmental Policy

Act (NEPA), which is triggered when fed-

eral funds, land, and legislation are in-

volved. It may simply be seen as prudent,

as for example, evaluating the positive and

negative benefits of promoting tourism

to Chaco Culture National Historical Park

in New Mexico.

What started social impact

assessment?

President Richard Nixon signed the Na-

tional Environmental Policy Act on De-

cember 31, 1969. Under that law,

proponents of development projects and

policies are required to file an environ-

mental impact statement (EIS) detailing

the impacts of the proposal, as well as

project alternatives, on the physical, cul-

tural and human environments. The
NEPA legislation also requires mitigation

measures for impacts and a monitoring

program to ensure that mitigation is ac-

tually working (NEPA, 1969). Henry

"Scoop" Jackson, the late senator from

the state of Washington, was responsible

for including the triggering mechanism in

the NEPA legislation, which required an

Environmental Impact Assessment (EIA)

if federal land, laws, or monies were in-

volved. The inclusion of the triggering

mechanism was a unique legislative re-

quirement and ensured that EIS state-

ments would be written. Subsequently,

the courts have ruled that if a biological

or physical environmental change leads

to an alteration in human communities

an SIA must be completed as part of the

environmental impact assessment process

(IOCGPSIA 1994).

NEPA legislation and the trans-

Alaska pipeline permit

In February 1970, the Bureau of Land

Management of the U.S. Department of

the Interior submitted a six-page EIS to

accompany the application for the trans-

Alaska pipeline permit. Two days later

the Wilderness Society, the Friends of the

Earth, and the Environmental Defense

Fund filed suit contending that the EIS

was inadequate because it did not con-

sider the implications to the permafrost

of pumping hot oil through a pipe on the

ground. In addition, no provision was

made for a disruption of the annual mi-

gration of several caribou herds due to

the pipeline and the road to be built be-

side it. Although not specifically men-

tioned in the litigation, some observers

wondered where all those construction

workers and their families would be

housed who came north to work on the

pipeline (Dixon 1978). Three years later

the permit to build the pipeline was is-

sued and most of the potential environ-

mental problems had been addressed to

the satisfaction of the courts, the plain-

tiffs, and the Alyeska Pipeline Company
(a collection ofU.S. and Canadian oil com-

panies that owned leases on Prudhoe

Bay). Anticipatory planning had worked

and all sides agreed that the NEPA pro-

cess had allowed project proponents to

deal with issues that might otherwise have

been overlooked.

After the permit to build the Trans-

Alaska pipeline was approved, one of the

Inuit Chiefs commented "...now that we
have dealt with the problem of the per-

mafrost and the caribou and what to do

with hot oil, what about changes in the

customs and ways of my people?...

(Dixon 1978)." Would the traditional cul-

tures and way of life be changed by such

a massive construction project? What
about the influx of construction workers

who spoke different dialectics (of English)

and brought with them a distinctive

lifestyle? Obviously, with a total popula-

tion of 350,000 (in 1973) the Alaska could

provide only a fraction of the estimated

42,000 persons that would work on the

pipeline during peak construction. Be-

cause of these and other related events

the impacts of development on the hu-

man populations began to be included

with biophysical and economic assess-

ments (Dixon 1978). Social impact assess-

ment differs from other types of social

science analysis in that it is atiticipatory.

The goal is to measure the consequences

of the project or policy change before

the event actually takes place.

See 'Assessment" on page 28
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Assessment" continuedfrom page 27

A case study in scoping for SIA:

What would be the social impacts

on Biscayne and Everglades

National Parks if Homestead Air

Base were converted to a

commercial airport?

In 1996, the Metropolitan Dade
County Commission (Florida) approved

a plan to lease a large portion of the

Homestead Air Force Base for 70 years

for development by the Homestead Air

Force Base Developers, Inc., to build

and operate a commercial airport (fig-

ure 1). However, the project has been

delayed pending additional federal and

state assessments of the impact of the

proposed aviation facility on nearby, en-

vironmentally sensitive Biscayne Bay

and the Everglades. A Supplemental En-

vironmental Impact Assessment (SEIS)

for the Reuse of the Homestead Air

Force Base (HAFB) in south Florida

was to be prepared by the U.S. Air Force

and the Federal Aviation Administration

(FAA). As a cooperating agency in pre-

paring the scoping document for the

SEIS, the National Park Service was

Key West

Mop Prepared by NPS Social Science Program

• Homestead Air Force Base

Primary ROI (approximate)

Secondary ROI (approximate)

County Boundaries

National Parks and Preserve

Figure I Location ofHomestead Air Force Base, Biscayne and Fverglades

National Parks, and Big Cypress National Preserve, Florida.

asked to identify and recommend the

scope of work related to social impacts

of concern to the National Park Ser-

vice.

As part of the EIA-SIA scoping pro-

cess, Gary E. Machlis, Visiting NPS
Chief Social Scientist, Paul George of

Miami-Dade Community College, and

I were asked to do the SIA scoping as

part of the agency response to a need

for an SEIS (Machlis et al. 1998). We
were asked to consider three alterna-

tives, but our efforts focused on what

was called "full capacity" or "maximum
possible usage" condition for the former

Air Force Base. This alternative is based

on the Dade County Airport Master

Plan, the FAA Airport Layout Plan, and

estimates by consultants and interested

parties. It assumes the potential (not ex-

istence) of an additional runway, and

further alters the mix of flight opera-

tions. Estimates of flight operations are

based on maximum capacity for one-

runway peak flight operations in 2014,

approximately 240,000 per year. An-

other runway could expand that num-

ber up to 380,000 per year.

The SIA guidelines (IOCGPSIA 1994)

call for analysis of "pri-

mary, secondary, and cu-

mulative social impacts."

Primary impacts are directly

caused by the proposed ac-

tion. Secondary impacts are

those that indirectly result

from the proposed action.

Cumulative impacts are

those that are a conse-

quence of the proposed ac-

tion in combination with

other local and regional

changes that might be on-

going as a result of the con-

version to a full-scale

commercial airport.

We examined social im-

pact variables under the

general categories of (1)

population characteristics,

(2) community and institu-

tional change, (3) political

and social resources, (4) in-

dividual and family

changes, and (5) commu-
nity infrastructure re-

sources (Burdge 1999).

These variables provided

guidelines for our scoping

(Portions of the Florida Keys

and Monroe County should

be considered for inclusion

in the secondary ROI

work along with variables of concern

that reflect the special purposes and

uses of Biscayne National Park, Big Cy-

press National Preserve, and Everglades

National Park as part of the national

park system (NPS 1979 and 1983), and

their role in the South Florida Ecosys-

tem Restoration Project (Harwell 1997).

Potential primary social impacts include

but were not limited to:

1. significant increase in passenger land-

ings (e.g., number of passengers, par-

ticularly non-local tourists) as part of

commercial aviation flight operations,

2. significant increase and change in

noise levels, timing, distribution, and

quality (particularly in Biscayne and

Everglades), as part of the increased

and altered mix of flight operations

leading to changes in the visual envi-

ronment related to haze, and night-

sky light,

3. significant increase in both density

and spread of urbanized development,

as part of the build-out of the com-

mercial facilities and residential areas,

and accompanying commercial ex-

pansion beyond the current urban

development boundary (UDB) near

Biscayne, and

4. significant changes in community
identity and industrial focus as a re-

sult of the shift from a military/re-

tirement- to commercial-based air

transport economy within the pri-

mary zone of influence.

Possible secondary social impacts include:

1. an increase in visitor numbers (as well

as a change in visitor types) to

Biscayne and Everglades, resulting

from increased passenger landings

and urbanized growth and develop-

ment,

2. a significant change in the visitor ex-

perience and park preservation val-

ues as a result of the deterioration of

natural quiet or natural sounds due

to increased noise levels, haze, and

night-sky lighting,

3. a significant change in infrastructure

needs (roads, sewers, schools, etc.) in

the primary region of influence (ROI),

beyond the UDB, and particularly

near Biscayne,
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4. an increase in visitors to Biscayne and

Everglades due to an increase in

population in the primary ROI, par-

ticularly near Biscayne, and

5. a change in community cohesion and

local culture, due to changes in com-

munity identity, industrial and com-

mercial focus, and park preservation

values.

Examples of cumulative social impacts

include:

1. a significant increase in park manage-

ment activities (particularly at

Biscayne), including resource protec-

tion, environmental monitoring, visi-

tor protection, and maintenance, due

to changed visitation and urbanized

development,

2. an increase in park infrastructure

needs (particularly at Biscayne), due

to increased and changed visitation

patterns,

3. a significant change in recreational

uses, visitor types, and visitor distri-

bution (particularly at Biscayne), due

to increased noise levels,

4. an increase in complexity and inten-

sity of required park-regional-local

governmental cooperation, due to

population influx leading to urban de-

velopment, and

5. a reduction in park preservation val-

ues gained by visitors and the gen-

eral public, due to deterioration of

natural quiet or natural sounds, vi-

sual impacts, and urbanized develop-

ment.

In March 1998, we forwarded to the

Director of the National Park Service

suggested social impact variables to be

addressed in an SEIS. We also pointed

out that many of the social impacts of

concern to the Park Service are also po-

tentially related to the South Florida

Ecosystem Restoration Project (Harwell

1997). The director combined our analy-

sis with that from the ecosystem team

and forwarded the recommendations to

the U.S. Air Force and the Federal Avia-

tion Administration for inclusion in the

scoping document for the supplemen-

tal environmental and social impact as-

sessment.

Assessing social impacts of develop-

ment outside park boundaries

Social impact assessment is a tool to

help park managers understand how de-

velopment outside park boundaries

changes management procedures inside.

Remember, SIAs are completed before

the development event. If a supplemen-

tal SIA were to be done, the two super-

intendents could develop management

plans based on good population projec-

tions in both the primary and second-

ary ROI and knowledge about the type

of urbanized development (particularly

near Biscayne and affecting Biscayne

Bay). The SIA would address how in-

creased noise and air emissions due to

expanded flight operations and urban-

ized development affect both the park

experience and preservation values and

detail the requirements for a buffer zone

between the current urban development

boundary and Biscayne.

The two superintendents would also

know about the occupational mix of a

commercial sector based on air trans-

port and the infrastructure needs (wa-

ter, roads, sewer, schools, etc.) that

would be required for urbanized devel-

opment and population growth. The
assessment would address how a reduc-

tion in park preservation values might

alter the local and regional tourism in-

dustry. These and other changes would

be known in advance of the permit to

expand the air base.

Epilogue

On December 18, 1998, the Third

District Court of Appeals in Florida

ruled that the construction of a com-

mercial airport on the old Homestead

Air Force base could not proceed until

a full environmental and social impact

assessment study of the impact of

completion and operation of a commer-

cial airport on nearby Everglades and

Biscayne National Parks. The Appeals

Court said Miami-Dade County had

rushed through development plans at

the expense of its obligation under state

law to prepare management plans to

protect natural resources. In their rul-

ing, the court cited the problems of

noise, lack of quiet, urban congestion,

alteration of the visual environment, and

increased visitor use as suggested by the

three NPS social scientists in their por-

tion of scoping for a supplemental EIA-

SIA. A draft EIA-SIA should be avail-

able for comment by Park Service per-

sonnel by early 2000. p
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The national park system public use statistics

By Tom Wade

The National Park Service has been

reporting recreation visits to its

park system units since its creation

in 1916. During those eight decades, the

annual visitation has increased from 358,000

to 286.7 million in 1998. Many factors in-

fluence visitation to the 378 units including

national and international economic condi-

tions, local and national weather, and the

ever-changing demographics of the popu-

lation. So how did 1998 visitation compare

to previous years?

The national park system received 286.7

million recreation visits in 1998. This was a

4.2% increase in public use or 11.5 million

more visits than in 1997. The 1998 increase

was directly influenced by major changes

in the method of counting public use at six

units in the Washington, D.C., area. These

changes caused a higher annual percent-

age change for the park system than would

have normally occurred.

The units in Washington, D.C., obtain

their visitor counts by sampling the atten-

dance at their units and not by trying to

count every visitor. The physical layout of

the monuments and memorials make
counting every visitor an impossible task.

Before 1998, staff counted visitors by mak-

ing just one pass through the area, not by

counting visitors for the entire 15-minute

sample period. The correction for the proper

sample period resulted in a 33% increase in

reported visitation.

Without this administratively induced in-

crease, the National Park Service would have

received 274.7 million recreation visits (0.2%

decrease). Because of the changes in count-

ing procedures, the national visitation should

be viewed as an adjustment and not as an

actual increase in visitation. Visitation trends

will have more value when examined on an

individual park basis.

The national park system received 16.0

million more recreation visits from 1994

through 1998 (using the adjusted national

total for 1998). This was a 6.1% increase

over the five-year period or an average of

1.2% per year. When the last 10 years were

examined, the rate of increase remained the

same at 1.2% per year (256.1 million ad-

justed recreation visits were recorded dur-

ing 1989).

Since January 1998, parks experienced

an increase in visitation in 22 months when

compared to the same month in the previ-

ous year. Except for September 1997, and

December 1998, the park system had more

recreation visits in every month than it re-

ceived in the previous year. This increase

occurred despite the influences of variable

weather in the United States (affecting at

least 50 units across the nation) and the

troubled global economic condition, espe-

cially in Asia.

Recreation visits are skewed
Visitation to the national parks is highly

skewed as the 10 most visited units (3% of

the system) receive over 30% of the nation's

visits and the 25 most visited units (7% of

the system) receive 50% of the nation's vis-

its. The full range of visitation to individual

units extend from Blue Ridge Parkway's 19.0

million recreation visits to Aniakchak Na-

tional Monument and Preserve's 209 recre-

ation visits (table 1).

Recreation visits by region

The national park system is administra-

tively divided into seven regions. This al-

lows the agency to respond quickly to

changing conditions within a limited geo-

graphic area. The change in recreation vis-

its from 1997-98 ranged from +10 million

in the National Capital Region to -847,000

in the Pacific West Region (table 2). Fol-

lowing is an overview of some factors that

influenced the changes in the different re-

gions.

Alaska-experienced its first year of de-

creasing visitation since 1989. The ongoing

construction of a parking lot affected Kenai

Fjords National Park (-43,000 visits) while

a decline of 110,000 visits to Sitka National

Historical Park was the result of an admin-

istrative change in the method of counting

public use. Of course, the annual decrease

for this region was only 23,000, which is

less than half of the average daily visitation

at the most visited unit of the national park

system (Blue Ridge Parkway's average daily

visitation is 52,000).

Intermowitahi-had its fourth year in a row

with decreased visitation, as 66% ofthe units

reported fewer visits in 1998 than in 1997.

Grand Canyon National Park attributed its

decrease of 552,000 recreational visits to

inclement spring weather and the variable

global economic situation.

Midwest-had 67% of the units report an

increase in visitation, as it had beautiful

weather in 1998 when compared with the

El Nino weather-related problems in 1997.

Indiana Dunes National Lakeshore

(+625,000) is typical of this region as it

had increased visitation in 11 of the 12

months.

Natiotial Capital-had the six major units

in downtown Washington, D.C., report a

combined 12.0 million more visits than they

reported in 1997. The increase was the re-

sult ofchanges to the individual unit's count-

ing procedures and should not be viewed

as 12.0 million more people. All previous

years, including 1997, were significantly un-

der-reported. If the six units had received only

Table 1.

Most and least visited units of the national park
system during 1 998
Ten Most Visited Units

19,026,498 Blue Ridge Pkwy

14,046,590 Golden Gate NRA
9,989,395 Great Smoky Mountains NP
8,788,055 Lake Mead NRA
7,124,022 Gateway NRA
6,584,802 George Washington Memorial Pkwy

5,810,094 Natchez Trace Pkwy

5,200,633 Statue of Liberty NM
5,019,175 Delaware Water Gap NRA
4,804,185 Cape Cod NS

Ten Least Visited Units

4,451 Yukon-Charley Rivers NPres

3,740 Bering Land Bridge NPres

3,616 Eugene O'Neill NHS
3,293 Alibates Flint Quarries NM
3,034 Thomas Stone NHS
2,960 Cape Krusenstern NM
2,100 Noatak NPres

1,282 Nicodemus NHS
462 Rio Grande WSR
209 Aniakchak NM &Pres
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Table 2.
National park system regional visitation

statistics

Region Differente from 1997 % Change

Alaska 1,991,864 -22,986 -1.1

Intermountain 43,634,110 -631,333 -1.4

Midwest 22,140,343 1,208,121 5.8

National Capital 41,158,219 10,910,012 32.9

Northeast 54,629,311 1,186,428

-847,825

2.2

Pacific West 57,737,486 -1.4

Southeast 65,447,782 419,363 0.6

Table 3.
Visitation to national park system units by
population center

Population Center 1998 Differente from 1997 % Change

Urban 89,963,908 11,589,831 14.8

Suburban

Outlying

24,362,630

51,152,721

90,809,767

3,629,097

-537,763

-191,263

-2.2

-0.4

Rural

Remote

30,365

90,905

0.0

2.6

Mixed 26,820,992 520,705 2.0

as many visits in 1998 as they reported in 1997,

the region would have decreased by 5.8%.

Northeast-had its entire increase in four

units: Castle Clinton National Monument

(+281,000), Delaware Water Gap National

Recreation Area (+267,000), Statue of Lib-

erty National Monument (+462,000), and

Gateway National Recreation Area

(+316,000). The region would have de-

creased by 0.3% without the increase in

the four units.

Pacific ^^/-experienced the largest de-

crease of all regions, reflecting the double

influences of variable weather and the

troubled global economy. Muir Woods
National Monument (-686,000) had the

largest decrease in visitation in the national

park system but the decrease was the re-

sult of changes to its method of counting

public use, not actually 686,000 less people.

Southeast-region and the nation was, as

always, dominated by Blue Ridge Parkway

(19,026,000), which accounts for 29% of

the region's and 6.6% of the nation's recre-

ation visits. Excluding Blue Ridge Parkway,

the rest of the region decreased by 0.5%.

Canaveral National Seashore was severely

affected by the summer wildfires (-665,000),

while Gulf Islands National Seashore

(-403,000) also had weather-related prob-

lems. Meanwhile, Timucuan Ecological and

Historic Reserve (+512,000 or +422%) opened

up some new areas. This region received more

recreation visits, than the combined visitation

to the three least visited regions (Alaska, Mid-

west, and National Capital).

Recreation visits by population center

A major factor influencing visitation at

all units of the national park system is their

proximity to population centers (table 3).

The more people who live within a day's

drive ofa unit and the ease with which people

can get to a unit certainly affect the num-

ber of visits that a unit would receive. Fol-

lowing is a partial explanation as to what

influenced visitation at the various geo-

graphical categories.

Urban-(located within the central city).

The units in downtown Washington, D.C.,

that had counting procedure changes be-

long to this category. Because of these ad-

ministrative changes and the inclusion of

two new units in 1997 (Franklin Delano

Roosevelt Memorial and Korean War Veter-

ans Memorial), this category has increased

29% or 21 million recreation visits over the

last two years.

Suburban-Located outside the central city

but still within an area of greater than one

million people). Of the nine units with more

than one million visits, six reported a de-

crease in visitation. The combined visita-

tion to the suburban and urban categories

is 40% of the entire national park system.

Oz///y/>7§"-(located in an area of less than

one million people). This category has a

disproportionate number of units receiving

more than one million recreation visits (26%)

resulting in a per unit average of over one

million recreation visits.

Rural— (accessible by paved highway,

scheduled air or marine transportation ser-

vice). One hundred sixty-seven units, or al-

most half the national park system, are

assigned to this category. As the largest and

most visited group of units, its growth re-

mains slow but constant, increasing by 4%
over the last 10 years.

Remote-(requires special travel arrange-

ments to reach). The 25 units that com-

prise remote units have the lowest average

annual recreation visits (145,000) of any

population center category. Despite the ex-

traordinary measures that must be taken in

order to visits these units, this category has

grown by 86% over the last 10 years. Almost

all the Alaskan units are in this category.

Mixed-(a mixture ofurban, suburban, out-

lying, and remote areas). Blue Ridge Park-

way dominates this category as it does in

every category it is associated with. This is

especially true of mixed units since there

are only two other units designated as mixed

(Chesapeake and Ohio Canal National His-

torical Park and Natchez Trace Parkway).

This category has deceased by 7% over the

last 10 years.

Recreation visits in the future

The national park system has recorded

approximately 11.2 billion visits (8.4 billion

recreation visits and 2.8 billion non-recre-

ation visits) from 1916-98. This means that

the park system has received over 190 vis-

its every second for the last 82 years. As-

suming the current rate ofincrease, it should

receive its 12 billionth visit some time in

2000. As the pressure increases to both

maintain park resources and simultaneously

provide the high quality of service that the

public deserves, the sheer volume of visits

to the national park system will be a major

factor in the decision-making process. The

need to control the number of people en-

tering parks and provide for their safety

will be an important aspect of future mana-

gerial decisions, p
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Visitor opinions and park resources

By Nimmi hmtiom

How many park resource manag-

ers have used visitor opinions in

making a management decision

about park resources? Visitor opinions

about park resources and the quality of

their national park visits vary, as do the

visitors themselves. Visitors sometimes

share verbal feedback or write letters to

National Park Service (NPS) employees.

Often, these comments are not scientifi-

cally collected, sometimes not compiled,

and therefore have little impact on im-

proving park operations. Many park man-

agers, recognizing the importance of

obtaining more scientific and collective

feedback on how well visitors are being

served, request visitor studies.

Resource managers are beginning to

realize that through visitor studies, visitor

opinions about resource management is-

sues can be scientifically gathered. Man-

agers often choose to query visitors about

issues such as crowding, the importance

of park qualities (such as air quality, rec-

reational activities, solitude, and wilder-

ness), resource issues that interest visitors,

and the impacts of other visitors and their

activities on people's visits.

One NPS research program that con-

ducts visitor studies is the Visitor Services

Project (VSP), based at the University of

Idaho Cooperative Park Studies Unit. The

VSP develops different tools that provide

the National Park Service with valuable

visitor feedback. One of these tools, the

in-depth visitor studies at individual park

units, began in 1982. Up to 10 in-depth

visitor studies have been conducted each

year since 1988. Since then, over 85 VSP
in-depth visitor studies have been con-

ducted, with an average response rate of

79%.

VSP in-depth visitor study question-

naires are customized to allow park man-

agers to ask visitors questions about the

most important issues facing the park. The

questionnaires gather standardized demo-

graphic information, and customized in-

formation about trip planning, opinions

about park visits, park issues, and feed-

back on individual and overall service

quality. This direct and collective feedback

from visitors is valuable information for

park managers, who can use it to make

operational changes or better plan for the

future, ultimately benefiting the visitors.

Recent VSP in-depth visitor studies re-

veal some interesting information about

visitors' views on natural and cultural re-

sources and use of those resources in the

parks. Some comments show visitors' in-

creasing awareness and concern for park

resources. Several examples follow.

A visitor's comment:

"This park is a magnificent treasure,

which merits bold and even

controversial measures to safeguard it

forfuture use as a natural Juiveti,

protecting the environmerit and

enriching the people who experience it"

Crowding
A number of VSP visitor studies have

addressed visitor opinions about crowd-

ing in parks. During a 1998 VSP visitor

study, Cumberland Island National Sea-

shore (Georgia) visitors were asked to give

their opinion about the current limit of

300 people per day allowed on the is-

land. As shown in figure 1, most visitors

(82%) felt that the current limit is "about

right."

Resource management objectives

Visitors have occasionally been asked

whether they support particular resource

management objectives in parks. At Fort

Bowie National Historic Site (Arizona) in

1996, visitors were asked ifthey supported

the following objective: "The current Na-

tional Park Service objective

is to manage Fort Bowie

National Historic Site in its

remote setting with minimal

improvements." Most visi-

tors (88%) said they sup-

ported that objective, while

5% did not support that ob-

jective and 7% were not

sure. When asked if they felt

the Park Service has achieved

that objective, 92% said

"yes," 4% said "no," and 4%
were "not sure."

Impact of modern conveniences on
historic setting

Park managers may be interested in

finding out if visitors perceive certain re-

source-related issues as problematic. For

example, during the 1997 Lincoln Boy-

hood National Memorial (Indiana) visitor

study, visitors were asked, "Do you feel

that automobile and train traffic within

the park impacts the historic setting of

the Living History Farm?" Many visitors

(63%) said that automobile and train traf-

fic did not impact the historic setting.

Twenty-two percent were not sure and

14% said automobile and train traffic did

impact the historic setting.

Appropriateness of activities

Park managers may want to gauge visi-

tors' knowledge of the appropriateness

of certain activities in a park setting. In

the 1995 visitor study questionnaire at

Bandelier National Monument (New
Mexico), visitors were asked to rate how
appropriate certain activities were in the

monument. The activities visitors were

asked to rate included: walking or sitting

on ruin walls, collecting artifacts (such as

potsherds), walking off trail among the

ruins, exploring ruins in caves, feeding ani-

mals, and collecting plants (picking flow-

ers, collecting pine cones, etc.). Visitors

used a 4-point scale to rate the appropri-

ateness as follows: l=always, 2=usually,

3=sometimes, 4=never. Figures 2 and 3

show examples of the responses. More

visitor groups feel that collecting artifacts

in the park is never appropriate (91%)

than walking off trail in the ruins (65%).

Allow more visitors 1 4°/

82f limit is about right

Allow fewer visitors

Don't know

6%

8%

( 1 5 1C I 2()0 25

Number of Respondents

Figure I. Visitor opinions about current visitation use limit, Cumberland

Island National Seasbore, 1998. (n=289 visitor groups.)
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Importance of park features or qualities

How important are selected park fea-

tures or qualities to visitors at the parks

they visit? At Grand Teton National Park

(Wyoming) in the 1997 visitor study, visi-

tors were asked to rate the importance

of native plants and animals using a scale

from 1 (not important) to 5 (extremely

important). Most visitor (87%) rated na-

tive plants and animals as "extremely im-

portant" or "very important."

Visitor Services Project visitor studies

were conducted at Great Smoky Moun-

tains National Park (Tennessee and North

Carolina) during July and October 1996.

Visitors were asked to rate the importance

of the following park features and quali-

ties to their visit to the park: native plants

and animals, clean air, scenic views, rec-

reational activities (such as hiking, camp-

ing, fishing, etc.), solitude, and historic

buildings. In the summer study, visitors

gave the highest "extremely important"

or "very important" ratings to scenic

views (95%), clean air (90%), and native

plants and animals (80%), as shown in

figure 4. In the fall survey, the same three

features or qualities received the highest

importance ratings from visitors: scenic

Scenic views

Clean air 90%, N-903

c Native plants or animals

|- Quiet

0)

3 Solitude

a

Recreational activities
o

Historic buildings

7<>%, N=900

70%,

63%, N=889

58%, N=899

0% 20% 40% 60%

Proportion of Respondents

Figure 4. Combined proportions of "extremely important" or "very important" ratings ofpark qualities or

features at Great Smoky Mountains, summer, 1996.

Always |3%

Usually! 2%

Sometimes 4%

Never 91%

5 1C 15 2()0 2!i0 3()0 35 400

Number of Respondents

gure 2. Appropriateness of collecting artifacts in the monument,

mdelier National Monument, 1995. (n-396 visitorgroups.)

Always

Usually

3. Sometimes
3
a.

x Never

B
24%

50 100 150 200 250

Number of Respondents

gure 3. Appropriateness of walking off trail in the ruins, Bandelier

itional Monument, 1995. (n=397 visitor groups.)

views (95%), clean air (87%), and native

plants and animals (74%). In both of the

studies, the two features that received the

highest "not important" ratings were rec-

reational activities and historic buildings.

Other visitors' impacts

Sometimes, visitors' enjoyment of park

resources is impacted by other visitors and

their activities. During 1997, Voyageurs

National Park's (Minnesota)

visitor study showed that visi-

tors were disturbed by other

visitors using personal water-

craft. Noisy people, loud

music, or motorboats were

also cited as ways visitor

groups disturbed others.

Resource subjects of

interest

Resource issues are often

discussed in interpretive pro-

grams with the recognition

that informed visitors are

less likely to damage re-

sources. Having visitors

identify the resource sub-

jects that they are most in-

terested in learning about

results in more informed

visitors and more wisely

spent park funds. In the

spring 1996 Chiricahua Na-

tional Monument (Arizona)

visitor study, visitors were

asked to identify subjects they

were most interested in learn-

ing about from the following

list: threatened and endan-

65%

gered species, animal protection, air quality,

wilderness, historic resources, role of fire, or

any other subject the visitor wanted. The

most common answers were wilderness

(67%), historic resources (61%), and threat-

ened and endangered species (46%). Air qual-

ity (23%) was the least requested subject

Using visitor opinions

These examples show a few types of

resource management information that

park managers can learn from visitors.

While visitors cannot be expected to make

management decisions regarding park re-

sources, they can provide information that

is useful for park managers to incorpo-

rate into their decisions regarding re-

sources. Some visitor responses may point

out the need for better visitor education

on resource management issues, while

others support management objectives of

protecting park resources. In designing

survey questionnaires, it is important to

recognize that visitors do not always come

to parks with preconceived expectations-

many visitors are not subject experts and

may not be well informed about specific

subjects. Ultimately, resource manage-

ment decisions need to be made by well-

informed managers who incorporate

visitor opinions into their decisions, p
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Protecting park resources
using interpretation

James H. Gramann

Park staff use two general ap-

proaches to protect natural and

cultural re sources from purpose-

ful or unwitting damage by visitors. Under

a "direct approach," a park's staff manages

visitor behavior overtly through surveillance,

by enforcing regulations, and by physically

channeling visitors away from sensitive ar-

eas. "Indirect approaches" use information

and interpretation to promote voluntary con-

formance with rules. This article reviews the

theoretical basis for indirect management,

presents research evaluating its effectiveness,

and discusses gaps in current social science

knowledge related to indirect management

as a resource-protection tool.

Theoretical basis

Several experiments have tested the ef-

fectiveness of interpretation and informa-

tion in reducing rule violations and

damaging behavior in outdoor settings. The

results of many of these are consistent with

predictions of prosocial behavior theory

(Gramann et al. 1995). "Prosocial behav-

ior" is defined as voluntary behavior done

to help others, without the incentive of ma-

terial rewards for helping or the threat of

probable punishment for not helping. In

many cases, obeying protective rules in

parks is prosocial behavior. This is because

no tangible reward for rule obedience ex-

ists, and the likelihood of being caught and

punished for disobedience is often small.

Two propositions form the core of

prosocial behavior theory (Schwartz 1977).

First, other things being equal, prosocial

actions should be more likely when people

are aware ofthe consequences of their help-

ing (or not helping) for others or for the

environment. Second, persons should be

more likely to behave prosocially when they

feelpersonally responsible and qualified to help.

The first ofthese conditions is called "aware-

ness of consequences" and the second "as-

cription of responsibility."

Applying prosocial behavior theory to

resource protection requires an understand-

ing of the reasons for damaging actions.

Gramann and Vander Stoep (1987) de-

scribed several motives for these actions and

Figure I. An NPS interpretergreets

hikers at the Shiloh National Military

Park trailhead to deliver one of three

test messages designed to reduce

damaging behavior during hikes.

how they could be addressed using inter-

pretation and education within the frame-

work of prosocial behavior theory.

One reason visitors violate protective rules

is that they are unaware that certain regu-

lations exist. Obviously, interpretation and

information—if it reaches the relevant audi-

ence-can play a major role in making people

more aware ofprotective regulations in parks.

However, sometimes visitors violate rules,

even if they are aware of them. One reason

for this is that they may not realize the nega-

tive consequences of their actions for other

users or for the environment. Many im-

pacts on resources are cumulative, becom-

ing evident only after many damaging

actions occur over long periods. Because

visitors' time in parks is short, people may

not connect their behavior with damaging

effects. However, they might refrain from

harmful actions if this cause-effect relation-

ship were explained in an "awareness-of-

consequences" message. Interpretation is

one way to make people aware of the con-

sequences of their behavior for a park's re-

sources.

Sometimes, visitors are aware of a rule

and its reasons, but obeying it in a particu-

lar circumstance may seem unreasonable

or even impossible. This leads to "responsi-

bility-denial," a situation in which people

deny having a reasonable obligation or the

skills to comply with rules. For example,

prohibitions against dumping waste from

recreational vehicles may be ignored if sani-

tary dump stations are full or if the fee for

use seems excessive. Responsibility-denial

can be countered by publicizing reasonable

alternatives to prohibited actions or by

making people feel qualified to help in cer-

tain situations. The latter dynamic under-

lies many adopt-a-site programs, including

litter cleanup campaigns and archeological

site-protection efforts. In a prosocial-behav-

ior framework, these programs increase

people's ascription of responsibility to pro-

tect natural and cultural resources.

Of course, people sometimes damage

resources willfully and vindictively. Although

such malicious behavior may be relatively

uncommon in many parks, a single instance

can produce significant and costly damage.

Willful violators are fully aware that their

actions are wrong, but they persist because

they are pursuing goals that are in funda-

mental conflict with resource protection.

Willful vandalism almost always requires

direct and forced compliance with regula-

tions. However, research shows that pro-

viding interpretation and information about

rules, and enlisting visitors in resource pro-

tection, can be very effective as indirect ap-

proaches to changing many other types of

harmful behaviors.

Research

The effectiveness of interpretation and

education in resource protection was dem-

onstrated in several experiments conducted

in national parks and other recreation ar-

eas during the 1980s and early 1990s

(Gramann et al. 1995). Unfortunately, little

research evaluating indirect management

has been done since, leaving key questions

unanswered. These are discussed at the end

of this article.

The following study describes an evalua-

tion of interpretation's effectiveness in re-

ducing cultural resource damage at Shiloh

National Military Park (figure 1), a Civil War

battlefield in Tennessee (Vander Stoep and

Gramann 1987). Other demonstrations of

indirect management's effectiveness have

been done in national forests (Martin 1992,
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Roggenbuck and Berrier 1982) and at res-

ervoirs operated by the Army Corps of

Engineers (Oliver et al. 1985). Therefore,

the utility of indirect management as a re-

source protection tool seems to generalize

across a variety of outdoor settings.

Cultural resources at Shiloh consist mainly

of monuments, statues, and cannons. Al-

though some resource damage in the park

is caused by weathering and aging, visitors

also contribute to the deterioration of cul-

tural resources. At the time of the study,

much ofthe destructive behavior was linked

by NPS staff to organized youth groups

who hiked through the park. Damaging

behavior ranged from graffiti and deface-

ment (a relatively rare problem) to more

common actions, such as climbing or sit-

ting on statues (figure 2). To combat the

problem, three experimental treatments and

a control condition were tested over 12 fall

weekends. The behavior of hikers at four

different locations in the park was moni-

tored using time-lapse photography.

In treatment 1, the awareness-of-conse-

quences (AC) treatment, hikers were met

by a uniformed interpreter as they arrived

at the trailhead that was the starting point

for most of the hikes. They were welcomed

to the park and told about specific behav-

iors, such as touching or rubbing bronze

statuary and striking and climbing on monu-

ments that caused damage over a period of

time. They were asked to help protect the

park's resources by setting an example for

others, and then allowed to proceed. This

treatment was in effect on three randomly

assigned weekends and was intended to

promote awareness of protective rules and

the reasons for them.

Treatment 2 was the awareness-of-con-

sequences plus resource protection treat-

ment (AC + RP). Hikers received the same

AC message as those in the first treatment,

and were then asked to participate in a

"Heritage Guardian" program. This involved

returning a form on which hikers recorded

any damage to cultural resources they ob-

served during their visit (fresh scratches,

breaks, marks, and missing pieces) and listed

conditions they felt encouraged others to

behave destructively. Groups were told they

were distinctively qualified to help the Na-

tional Park Service because they hiked in

areas seldom reached by other visitors. Par-

ticipation was voluntary, but no groups de-

clined to take part. This treatment was

designed to reduce responsibility-denial by

promoting ascription of responsibility.

tf$i

In Treatment 3, the AC +

RP + I treatment, incentives

were added to the first two

messages. Two incentives

were awarded for returning

a completed Heritage Guard-

ian form to the park. The first

was a 24-inch streamer simi-

lar to those scouts attach to

troop banners. The streamer

was blue, printed in gold, and

marked with the words

"Shiloh NMP Honor Award/

Heritage Guardians." The sec-

ond incentive was a certificate

signed by the park superin-

tendent. This treatment was

also in effect on three randomly assigned

weekends. Although not based on prosocial

behavior theory, it was thought that incen-

tives might be an effective external motiva-

tor for young people who had not yet

developed internal codes of appropriate

behavior.

Finally, on three other weekends, a con-

trol condition was in effect. Groups were

welcomed to the park and then allowed to

proceed on their hikes. This control served

as a baseline against which the effectiveness

of the other three treatments was measured.

The amount of damaging behavior on

each weekend was scored by two judges

who independently reviewed each roll of

film. The judges were "blind" to the treat-

ments, i.e., unaware ofthe experimental con-

ditions in effect on any weekend. Scoring

was done by analyzing the film frame-by-

frame using a stop-action projector. For ease

in identification on camera, all persons in-

cluded in the treatments and control condi-

tion were given bright orange stickers to wear

that read "I'm a 25th Anniversary Trail Hiker."
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Figure 2. Hikers climb on a large headquarters monument at Shiloh.

Besides damaging the monument, this beha vior exposes youth to risk

of injury if they fall or are pushed.

Results

All treatments significantly reduced dam-

aging actions when compared to the con-

trol condition (figure 3, following page).

This was especially true for climbing and

hitting, the most harmful activity. Table 1

shows that the three treatments were

equally effective in this case, reducing hit-

ting and climbing by about 88% compared

to the baseline condition. The treatments

were least effective in reducing touching or

rubbing ofmonuments. This may have been

because the Heritage Guardian program

required hikers to examine monuments to

identify scratches and other damage. This

would appear as touching and rubbing on

film.

Statistical analysis showed that the treat-

ments did not differ significantly from each

other in their effectiveness in reducing the

most damaging behaviors. The simplest and

least costly measure-a simple awareness-

of-consequences message-was as effective

as the Heritage Guardian program and the

incentives.

Table 1.

Percent change in damaging behavior vs. control
(combined sites)

Experimental Treatment

Behavior AC AC+RP AC+RP+1

All behaviors -77.7* -73.6*

-78.2*

-58.7*

Sitting on base -70.8*

-65.4*

-87.9*

-52.2

Touching -24.4 +4.6

Climbing, hitting -87.6* -87.1*

*difference from control condition significant at p = 0.05

See "Interpretation " on page 36
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"Interpretation " continuedfrom page 35
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Figure 3. Change indomaging behavior by treatment (combined sites).

Applications to other situations

In other experimental research utilizing

control groups, interpretation (either in ver-

bal or printed form) has been used to sig-

nificantly reduce littering in a highly

developed Corps of Engineers campground

(Oliver et al. 1984), camping at overused

national forest wilderness sites (Roggenbuck

and Berrier 1982), wildlife feeding at Cra-

ter Lake National Park (Schwarzkopf 1984),

off-trail hiking at Mount Rainier National

Park (Johnson and Swearingen 1992), and

pumice removal at Mount St. Helens Na-

tional Volcanic Monument (Martin 1992).

In none of these circumstances was the tar-

geted behavior completely eliminated; how-

ever, the situation was dramatically

improved compared to baseline conditions

in which no actions were taken.

The Shiloh messages did not threaten pun-

ishment for rule violations, but other field

experiments support the effectiveness of

these types of "sanction" messages. This is

especially true if visitors feel punishment

for violations is serious and likely (Gramann

et al. 1995, Johnson and Swearingen 1992).

Unfortunately, this condition is often hard

to satisfy in many areas of the national park

system.

An interesting question raised by indi-

rect management research in rural parks is

how well such techniques would work in

urban areas. At more remote parks, many

visitors seem predisposed toward resource

protection. In communicating rules, inter-

preters are often working with, rather than

against, visitors' basic values. But in urban

parks, visitor populations are more diverse,

The simplest and least costly measure-a simple amareness-of-

consequences message-mas as effective as the Heritage Guardian

program and the incentives.

The messages at Shiloh were delivered

verbally by a uniformed interpreter with

excellent social skills. This probably con-

tributed to the their effectiveness. Even so,

other studies suggest that written messages

in brochures and signs that state and ex-

plain rules can be effective in changing visi-

tor behavior (Christensen et al. 1992).

However, limited research indicates that

written messages are not as effective as ver-

bal messages in doing this (Gramann et al.

1992).

and many users may not share as strongly

in the underlying value of resource protec-

tion. In these areas, a combination of indi-

rect and direct management approaches

would seem to be the most effective ap-

proach, but no research in urban park set-

tings has been published on this topic.

Nevertheless, despite these gaps in the

knowledge base, in many situations com-

mon to the national park system, social sci-

ence research shows that interpretation can

be an effective resource-protection tool, p
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The NPS Visitor Survey Card:
First year survey and implications

for park management

nvclopc

By Terry R. Berberson

In
1993, Congress passed the Govern-

ment Performance and Results Act

(GPRA), which directs federal agen-

cies to join the "performance management

revolution]'' For the past several years, the

National Park Service has been working

to implement GPRA, to make it "fit" the

agency and mission and to make it use-

ful. As mandated by GPRA, the Park

Service has developed national park

systemwide standards for a broad range

of key performance measures including

both annual and long-range goals. One
of these goals involves the annual mea-

surement of visitor satisfaction in units of

the national park system.

In 1997, the National Park Service as-

signed the Social Science Program the

task of developing a standard GPRA sur-

vey that could be used annually by all

park units to measure visitor satisfaction.

The survey was given the name Visitor

Survey Card (VSC)-a GPRA-based, cus-

tomer evaluation system for the National

Park Service modeled after "the best in

business." The project is being conducted

by the University of Idaho Cooperative

Park Studies Unit (UI CPSU), under the

direction of Dr. Gary Machlis, NPS Visit-

ing Chief Social Scientist. Terry Bergerson

coordinated the project.

The overall objectives of the project

were to develop a visitor service evalua-

tion system that:

1

.

is efficient and cost-effective to implement,

2 . is appropriate for use in all units of the

national park system,

3. allows for comparison at various NPS
organizational levels,

4. is timely for managers,

5. is scientifically sound, and

6. provides useful information to manag-

ers-for meeting GPRA reporting re-

quirements and improving visitor

services.

The VSC is similar to mail-back cus-

tomer satisfaction surveys successfully

used in major U.S. corporations (figure 1).

The card addresses 12 indicators of visi-

tor satisfaction, allowing visitors to rate

the quality of park facilities, visitor ser-

vices, and recreational opportunities. Visi-

tors rate the services using a 5-point scale

("very good," "good," "average," "poor,"

and "very poor"). For GPRA reporting

purposes, the card includes an overall

quality question used as the primary mea-

sure of visitor satisfaction.

Methods
The VSC studies are based on a sys-

tematic survey of park visitors. Four-hun-

dred survey cards are distributed to a

random sample of visitors in each park

during a 30-day study period. Visitors at

selected locations that are representative

of the general visitor population are

sampled. For each survey, park staffs se-

lect an interval sampling plan based on

the previous year's visitation. Park staff

are trained to carefully hand out survey

cards according to an approved set of

survey instructions and guidelines.

Survey administration

After a 45-day collection period, all re-

turned survey cards are electronically

scanned, and the data coded and ana-

lyzed. A standard VSC data report is gen-

erated and delivered to each park

~ "Wo. cente,
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Figure 1. 1999 Visitor Survey Card.

approximately three months after the

completion of their survey. At the end of

the year, reports at the cluster, region,

and systemwide levels are generated and

delivered to the National Park Service.

Results

A 1998 VSC survey was completed in

281 national park sites. The average re-

sponse rate for these park surveys was

24%.

Each park report contains three cat-

egories of data-park facilities, visitor ser-

vices, and recreational opportunities.

Within these categories are graphs for

each indicator evaluated by park visitors

(table 1). Responses for indicators within

Table 1.

Visitor Response Categories and Indicators

Servue Categories

Park Facilities

Visitor Services

Recreational Opportunities

Servue Indicators

Visitor center

Exhibits (indoor and outdoor)

Restrooms

Walkways, trails, and roads

Campgrounds or picnic areas

Assistance from park employees

Park map or brochure

Ranger programs

Commercial services in the park

Learning about nature, history, or culture

Outdoor recreation

Sight-seeing

See "Survey Card" on page 38
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"Survey Card" continuedfrom page 37

each service category are averaged into a

combined graph for the category.

For GPRA-reporting purposes, each re-

port contains a rating of the park's over-

all quality of facilities, services, and

recreational opportunities. A visitor is

"satisfied" if their response is either "very

good" or "good." Based on evaluations by

park visitors, there is strong evidence of

excellent customer service in the national

park system. Of the 281 parks that com-

pleted a 1998 VSC survey, 275 (98%) suc-

cessfully met the annual systemwide goal

of 77% visitor satisfaction.

In addition, survey results are summa-

rized at the cluster level. Table 2 shows

the percentage of park visitors satisfied

overall with appropriate facilities, services,

and recreational opportunities for 12 clus-

ters in the national park system. Some
regions include a single cluster or do not

have a cluster designation. These areas

Table 2.
Percent of visitors satisfied,

by cluster, in 1 998
Cluster % Visitors Satisfied

Allegheny 96
Appalachian 96
Chesapeake 96

Gulf Coast 96
Atlantic Coast 95

Colorado Plateau 95

Columbia Cascades 95

Rocky Mountain 95

Southwest 95

New England 94
Pacific Great Basin 93

Pacific Island 90

[n=28 1 parks, 22, 9 1 3 respondents)

Table 3.
Percent of visitors satisfied,

by region, in 1 998
Region % Visitors Satisfied

Midwest

Southeast

Intermountain

Northeast

Alaska

National Capital

Pacific West

96
96
95

95

94
93

93

(n=281 parks, 22,913 respondents

are not included in table 2. Overall satis-

faction scores for these clusters ranged

from 90%-96%.

Survey results are also summarized at

the region level. Table 3 shows the per-

centage of park visitors satisfied overall

with appropriate facilities, services, and

recreational opportunities for each of the

seven NPS regions. Regional overall sat-

isfaction scores ranged from 93%-96%.

Finally, survey results are summarized

at the systemwide level. Visitor responses

for each of the 12 service indicators (table 1)

are combined and averaged at the

systemwide level. Table 4 shows the per-

cent of visitors satisfied with these ser-

vice indicators. Direct employee services

such as assistance from park employees

and ranger programs received high visi-

tor satisfaction ratings. Commercial ser-

vices in the park received the lowest

visitor satisfaction rating of the 12 ser-

vice indicators.

Visitor responses for indicators within

each service category (table 1) are also

combined and averaged at the

systemwide level. Table 5 shows the

systemwide percentages of visitors satis-

fied with park facilities, visitor services,

and recreational opportunities. Recre-

ational opportunities received the high-

est visitor satisfaction ratings of the three

service categories.

Twenty-two thousand nine-hundred

thirteen (22,913) respondents in 281 units

of the national park system rated the

overall quality of facilities, services, and

recreational opportunities at the park they

visited. Ninety-five percent of these re-

spondents were "satisfied" with the over-

all quality of services provided. This high

level of visitor satisfaction is strong evi-

dence of the agency's willingness to serve

the public.

Survey response rate and
nonresponse bias

The project's research and development

effort included an investigation to deter-

mine a typical survey response rate for

similar mail-back customer service cards.

Of the firms contacted, typical response

rates for similar mail-back customer ser-

vice cards without financial incentive

ranged from 10%-30%. A review of the

customer satisfaction literature confirmed

this range to be reasonable (Varva 1997,

Hayes 1997). The 24% average response

rate for the 1998 VSC project is compa-

rable to the best in private-sector cus-

tomer service evaluations and acceptable

for general performance measurement.

Although nonresponse bias is a poten-

tial problem in the VSC project, a num-

ber of steps were taken to deal with it.

Nonresponse bias is a function of many
factors within a survey-not just the final

response rate (Dillman 1978). These in-

clude the survey instrument, survey meth-

odology, and the final response rate. The VSC
project carefully addressed each of these

factors to reduce the potential for nonre-

sponse bias in survey results. In addition, a

test was conducted to identify nonresponse

bias within the VSC survey results.

To test for nonresponse bias, the Uni-

versity of Idaho CPSU compared survey

results from three VSC studies with the

results from three 1998 VSP studies.

These VSP studies contained the same

Table 4.
Systemwide percent of

visitors satisfied, by
service indicator, in 1 998
Systemwide

Servite

Inditators

Percent

Visitors

Satisfied

Assistance from park employees 96
Sight-seeing 95

Learning about nature, history, 93

or culture

Park map 93

Ranger programs 93

Visitor center 93

Exhibits 91

Outdoor recreation 91

Walkways, trails, and roads 91

Campgrounds or picnic areas 83

Restrooms 8

1

Commercial services in the park 74

(n=281 parks, 22,913 respondents)

Table 5.
Systemwide percent of

visitors satisfied by ser-

vice category, in 1998
Systemwide Penent

Servhe Visitors

Inditators Satisfied

Recreational Opportunities 93

Visitor Services 91

Park Facilities 89

(n=281 parks, 22,913 respondents)
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table 6.
Comparison of overall satisfaction within 1 998 VSP
and VSC survey results

1998 Units Visitor Semites

Projett

Visitor Survey

Card Projett

Acadia NP
River NRA
& Preserve

% Satisfied

96

80
95

90

NSize
996

/o Satisfied

95

NSize
86

Ihattahoochee

ean Lafitte NP
Average

658
528

85

95

92

107

79

overall satisfaction question included on

the visitor survey card for GPRA mea-

surement of visitor satisfaction. The aver-

age response rate for these three VSP
studies was 76%. These VSP studies were

conducted at the same park, season, and

survey locations as the VSC studies. Table 6

shows the percentage of visitors satisfied

overall from these three parks for both

the VSP and VSC studies. This compari-

Very Easy

Easy

I Average

Difficult

Very

Difficult

1 32%

51%

2%

0%

J I I L

% 60% 80%
'

100%0% 20%

Proportion of Respondents

igure 2. VSC evaluation: ease ofuse (n=156).

Very Good

20% 40% 60% 80% 100%

Proportion of Respondents

son identifies similar results for the two

types of studies. The comparison suggests

that nonresponse bias is not a significant

factor within the 1998 VSC results.

Feedback from the IMPS

In an effort to improve the VSC survey,

each park staffhad an opportunity to evalu-

ate the 1998 survey and reporting process.

An evaluation card was provided for each

participating park unit. Fifty-six percent of

the parks completing a VSC survey returned

an evaluation card. Figures 2 and 3 show

the results of this evaluation.

The evaluation results suggest that park

staffs found the VSC instructions and

guidelines easy to use (figure 2). The re-

sults also suggest that park staffs were

satisfied with the quality of services pro-

vided by the VSC staff (figure 3).

Using the VSC survey results

As part of the GPRA process, the Na-

tional Park Service has developed a hier-

archy of mission statements and goals to

guide the performance management pro-

cess. This planning framework provides

the structure for measuring park perfor-

mance across the system. At the park

level, long-term and annual goals are tools

for performance evaluation. The long-

term and annual goals for visitor satisfac-

tion state the desired future condition of

the visitor's experience at units within the

national park system.

In 1999, the annual goal for visitor sat-

isfaction will be increased to establish a

reasonable systemwide standard. In fu-

ture years, the annual and long-term goals

will be used as a tool to increase the level

of visitor service in all units of the na-

tional park system.

Conclusion

The 1998 VSC survey results provide

the National Park Service with useful in-

formation for managers, staffs, and the

public on customer satisfaction. The re-

sults also allow the agency to monitor

performance on customer service stan-

dards in accordance with the National Per-

formance Review. In addition, survey

results provide the Park Service with the

ability to transfer the usable knowledge

gained from the evaluations into im-

proved customer service at the local, re-

gional, and systemwide levels.

While the National Park Service is pro-

viding excellent customer service, there

are still opportunities for improvement.

The survey results show that visitors rate

certain service indicators lower than oth-

ers. Although the majority of parks have

high customer service ratings, an effort is

needed to bring all units of the system to

this high level of visitor service. Finally,

there is the long-term challenge of main-

taining a consistently high level of visitor

service in all units from year to year.

In future years, additional benefits will

be realized as VSC survey results accu-

mulate from year to year. Baseline data

at the individual park, cluster, region, and

systemwide levels can be compared with

each new year's survey results. In addi-

tion, annual and long-term goal perfor-

mance will continue to be monitored at

all parks across the system. And perhaps

most importantly, continuous measure-

ment of customer service performance

will become a part of the agency

culture, p
S
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National Park Semite managers' views of the
Retreation Fee Demonstration Program

Br A. F. Luloff, Cristina Pratt, Richard S. Krannich, Donald

R. Field, and Brian W. Fisenhauer

As part of the Recreation Fee Dem-
onstration Program, the National

Park Service (NPS) and the three

other federal land management agencies

(U.S. Fish and Wildlife Service, U.S. For-

est Service, and Bureau of Land Manage-

ment) are required to evaluate the impact

of this new program on park visitors and

park operations. The Park Service is the

only agency that has initiated a detailed

study of how management personnel at

individual park units evaluate the effects

of the program on their units, and how
these individual units are responding to

the program. A study team represented

by social scientists from The Pennsylva-

nia State University, University of Wis-

consin-Madison, and Utah State

University was commissioned to conduct

a three-year survey of managers' percep-

tions of impacts from the Recreation Fee

Demonstration Program on park opera-

tions.

This article reports on the methodolo-

gies utilized and findings from the FY1997

evaluation, which had three purposes.

These were to assess NPS management

personnel reactions to the implementa-

tion and operation of the Recreation Fee

Demonstration Program on their park

units; assess management perceptions of

the program's efficiency, including costs

of management, revenues, and impact on

visitation; and assess how funds gener-

ated from the Recreation Fee Demonstra-

tion Program were used within individual

participating units.

Methodology
In May 1998, questionnaires were

mailed to all national park system units

participating in the Recreation Fee Dem-
onstration Program. Follow-up letters and

phone calls were made until a 100% re-

sponse rate from participating parks was

achieved. While 100 individual projects

had been authorized in the NPS Recre-

ation Fee Demonstration Program, in

some cases two or more park units par-

ticipated jointly in the program. There-

fore, a total of 109 surveys were returned

for analysis.

Findings

Key findings include the following high-

lights from park managers' opinions and

perceptions of the Recreation Fee Dem-
onstration Program's effects on park visi-

tation and management. First, most

managers perceived no overall effect on

visitation patterns. Seventy-five percent of

the managers felt that the Recreation Fee

Demonstration Program had not affected

visitation patterns, such as the number of

visitors coming to their park by season

of the year, or on weekends versus week-

days. Fifteen percent believed the fee in-

crease caused a shift in visitation patterns,

and 10 percent did not have an opinion.

Second, community and visitor reac-

tion to the Recreation Fee Demonstra-

tion Program was perceived to be

favorable. Managers believed the local

business community, local area citizens,

and local park users were most likely to

shift their views about the Recreation Fee

Demonstration Program, with 11%-15%

ofmanagers indicating that these constitu-

encies' views had shifted from initially

negative to positive. However, for these

three local area constituencies, managers

were most likely to indicate consistently

positive (24%-29%) or consistently neu-

tral (25°/o-37%) opinions. According to

managers, visitors supported the fee pro-

gram under two conditions: (1) if the

funds collected remained in the unit

where they were generated, and (2) if

these funds were used to improve facili-

ties and visitor services. Ninety-four per-

cent of the parks were engaged in public

information and communication activities

to explain the Recreation Fee Demonstra-

tion Program to park visitors and the gen-

eral public.

Third, the fee program was perceived

to have a positive effect on park base bud-

gets. Sixty percent of the managers had a

positive view of the Recreation Fee Dem-

onstration Program's contribution to-

wards their park's base budget situation.

These managers indicated that the pro-

gram allowed for greater flexibility in

budget allocations. Thirty-four percent

indicated that the program had no effect

on their base budget, attributing this to

the program's newness. Six percent indi-

cated somewhat negative effects on base

budgets, citing start-up costs and program

operating expenses.

Fourth, managers were beginning to

perceive a positive effect of the fees on

the quality of visitor services. Forty-three

percent of the managers indicated that

the Recreation Fee Demonstration Pro-

gram improved the quality of visitor in-

formation services at their parks. These

managers believed there was general im-

provement in funding availability and

spending flexibility, which they attributed

to the program. Twenty-eight percent

indicated improvements in visitor facili-

ties. Twenty-nine percent said visitor cen-

ter operations had improved.

Fifth, it was found that initial delays in

the transfer of fee revenue to parks were

a source ofsome concern, though in most

cases these problems appeared to be re-

duced by the end of the program's first

year of operation. Sixty-three percent of

the managers said they did not receive

funds in time to spend them during

FY1997, a key problem in implementing

the Recreation Fee Demonstration Pro-

gram. Of this group, 25% attributed allo-

cation delays to park-level management,

25% attributed delays to regional-level

management, and the remaining 50% at-

tributed these fiscal problems to national-

level management. Nevertheless, 60% of

participating units reported receiving their

FY1997 funds in sufficient time to allo-

cate them effectively for use in FY1998.

Finally, the study found that fee pro-

gram funds were used for priority projects

as determined by park staff. At the be-

ginning of the Recreation Fee Demon-
stration Program, park managers were

required to identify proposed projects for

which to use additional fee revenues.

Eighty percent indicated desires to expend

funds on priority, maintenance, infrastruc-

ture, and resource management projects.
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Two areas of park operations in 1997

stood out in terms of receiving funding

emphasis from the Recreation Fee Dem-

onstration Program: infrastructure and

information services (figure 1). In addi-

tion, 67% of the units utilized some funds

to support the operation of the Recre-

ation Fee Demonstration Program, and

25% of these parks reported that the

projects funded had been identified in their

general management plan.

Utility of findings

There are several benefits of this study

for park management. First, it meets an

important need for sharing information

about the Recreation Fee Demonstration

Program with the public. Such informa-

tion can help the individual units, as well

as the National Park Service, maintain an

active dialogue with the public about their

responses to the Recreation Fee Demon-
stration Program. It helps foster an envi-

ronment based on public awareness about

the program and the many positive ef-

fects it is having on park services, facili-

ties, and programs. Further, it is apparent

that there is generally widespread sup-

port for and acceptance of this program

by the public, as evidenced by managers'

reports of only minor adverse effects on

visitation patterns. Such information

should prove invaluable in making the

case to the Congress for continuation of

the program.

At the same time, by engaging in an

evaluation process from the outset of the

program, this study provides insights into

aspects ofthe National Park Service's Rec-

reation Fee Demonstration Program that

require attention and fine-tuning. Our
study revealed concerns with fiscal prob-

lems and allocation delays, particularly

with those viewed as originating at the

national level. These issues suggest the

need for some restructuring and stream-

lining of procedures to help insure more

timely fund allocations and more efficient

program administration procedures.

At the unit level, this study allows park

managers to share information or results

with their staff on how the program has

been perceived by other units in the Rec-

reation Fee Demonstration Program. As

a result, it can act as a barometer on how
any given unit is doing relative to other

participating units. Similarly, the study

provides managers with a window into

bU
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Figure! Managers' responses indicating various uses of FY97 Fee Demonstration Program revenues.

how different units are allocating their fee-

related resources and the kinds of prob-

lems being encountered in these units.

Next steps

Our project is responsible for examin-

ing changes over time in the perceptions

of managers toward the Recreation Fee

Demonstration Program and its opera-

tion. To accomplish this task, we have com-

pleted a second study ofparticipating units

(in October 1998) and have compared

the results of this study with those re-

ported here. We have provided senior

park management with the results of this

comparison for their report to Congress.

Finally, we are completing the design of

the final survey (to be conducted in Oc-

tober 1999), which will be used to com-

pare manager perceptions of program

operation over a two-year period. The re-

sults from this analysis will be available in

late spring 2000. p
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Soaal $<ien<e Needs Assessment:
A survey of NPS urban park managers

Br Ronald A. Haws and Alfredo B. Lorenio

A needs assessment is a process for

gauging the current situation in

an organization (or a commu-
nity), reaching value-based judgments,

and prioritizing the status of needs (Carter

and Beaulieu 1992). The Social Science

Needs Assessment (SSNA) is a survey in-

strument developed by the Urban Rec-

reation Research Center (URRC) for

assessing the social science needs of ur-

ban park managers in the National Park

Service. The Urban Recreation Research

Center was established on October 1,

1998, at Southern University and A&M
College, Baton Rouge, and is part of the

NPS Social Science Program.

Survey approach

The survey is a commonly utilized ap-

proach to assess need. Visiting every ur-

ban park to interview the superintendents

would be very costly. Instead, all NPS
urban park managers were surveyed to

minimize data collection costs. The So-

cial Science Needs Assessment is a 108-

item survey designed to assess the social

science needs of NPS urban park man-

agers. The Social Science Needs Assess-

ment asked managers to rate their current

need for (1) research tasks, (2) technical

assistance activities, (3) training opportu-

nities, and (4) delivery methods. Many of

the research items on the survey came

from Usable Knowledge (Machlis 1996).

The first 107 items in the instrument

are scaled from 2 to -1. Respondents were

asked to rate the importance to their park

of the items that were described by cir-

cling the most appropriate number. The

rating scale is 2 for very important (VI), 1

for important (I), for don't know\no opin-

ion (DK), and -1 for not important (NI).

Ratings indicate the manager's "intensity"

of need. When a manager marks an item

"very important," we infer that he or she

really needs this social science item. The

responses were rank-ordered by average

weight, using the mean for each item. The

calculation includes all responses to the

survey items: positive, negative, and zero

values. Discussion of these results follows.

These results are limited to NPS urban

park managers with sites that are either

inside or within 100 miles of metropoli-

tan statistical areas or else consolidated

metropolitan statistical areas. The national

park system had 377 total sites when the

survey was distributed on December 10,

1998, and completed by February 9,

1999. One-hundred sixty (42%) park sites

were classified as urban parks (n=120)

or parks adjacent to urban areas (n=40).

The response rate to the survey is 83%

(133 of 160). This high response rate sup-

ports our statistical inferences about NPS
urban park managers. We suspect that

superintendents often delegated respon-

sibility for completing the survey to key

informed staff members, which remains

valid. The few missing responses to the

survey make the results reliable.

Survey results

The survey results are presented in sec-

tions: (1) research tasks, (2) technical as-

sistance activities, (3) training

opportunities, (4) delivery methods, and

(5) comments. Using figures, we discuss

the top ten rated items for each part of

the survey, with mean ratings.

Research tasks

The NPS urban park managers were

asked to rate 49 research tasks on their

importance. The top ten rated research

tasks are shown in figure 1. The top four

items, which follow, have a mean rating,

on a scale from -1 to +2, of higher than

1.5-trending towards "very important."

1. Assess interpretive programs, media,

and public contact activities in urban

parks.

2 . Develop strategies for integrating visi-

tor and community-based perspectives

into decision making.

3 . Analyze visitor expectations and evalu-

ate experiences.

4. Identify critical visitor impacts on natu-

ral and cultural resources in urban

parks.

For example, item 18 (second item in

figure 1) on the survey has a mean re-

sponse rating of 1.59. Therefore, this item

Assess interpretive programs, medio, and public contact activities

in urban parks in the notional pork system (item 133)

Develop management strategies for partnerships and workini

Analyze visitor expectations and evaluate experiences at urban

porks in the nationol park system (item 14)

Identify critical visitor impacts on natural ond cultural resources

in urban porks (item 19)

Understand the values I ottitudes of tbe residents of communities

and neighborhoods odjocent to urbon porks (item 116)

Develop strategies for integrating visitor ond community-bosed

perspectives into decision making (item 123)

Evaluate effects of different odjocent land uses

on urbon pork management (item ill)

Develop strategies of cooperation ond partnerships between NPS

and local government pork agencies (item 121)

Develop interdisciplinary strategies to mitigate threats

to urban porks (item 132)

t visitation trends to urbon sites

in the national pork system (item 11)

1.32

1.31

.29

3.5 1.5

Figure 1. Ten most important research tasks ra ted by NPS urban park managers.
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ranges between "important" and "very im-

portant," according to managers sur-

veyed.

The mean rating for items 18 and 33

(first item in figure 1) reveals a need for

research on interactions between and

among urban parks and relevant local

publics. For example, working with part-

nerships and local communities, concern

with media and public contacts, are

shown. The response to items 4 and 9

(third and fourth items in figure 1, re-

spectively) indicate the need for research

on visitation. For example, visitor expec-

tations and resource impacts need to be

better understood for urban parks.

The managers of urban parks have pro-

vided useful information by rating the

importance of what they need and do not

need among the research task items of-

fered. The managers indicate the impor-

tance of partnerships and working with

communities toward effective delivery of

park programs. There is an overwhelm-

ing need to conduct research on analyz-

ing visitor expectations and evaluating their

experiences at urban parks.

Technical assistance activities

The respondents were asked to rate a

list of 24 technical assistance activities

under four main subject areas: (1) social

science research methods, (2) informa-

tion technology, (2) management consul-

tation, and (4) program evaluation.

Manager ratings should prove useful for

developing technical assistance programs

tailored to urban park needs in the na-

tional park system. The top ten rated

items are shown in figure 2. The four top

items that follow have a mean rating

greater than 0.9. This suggests that these

items are "important" technical assistance

needs.

1. Improving visitor relations, e.g., cus-

tomer service

2. Impact analysis, e.g., measuring out-

comes

3. Assistance with conducting visitor sur-

veys

4. Assistance with interpreting survey re-

sults

The survey results indicate interest by

managers of urban parks in the national

park system for technical assistance. The
highest-ranking technical assistance needs

1 1.13

Improving visitor relations, e.g., customer service

(item #66)

Impact analysis, e.g., measuring outcomes (item #73)

Assistance with interpreting survey results (item #51)

Assistance with conducting visitor surveys (item #50)

Preparing gront proposals (item #69)

Program design, e.g., interpretive programs (item #71)

Resource monagement plans (item #59)

Internet, e.g., hosting ond designing websites

(item #55)

Long-term plans for social science research

(item #52)

Workplace conditions and staff relations (item #65)

96lo

0.91

1 0.9
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Figure 2. Top ten needs for technical assistance activities rated by NPS urban park managers.

Visitor use management strategies for

urban parks (item #88)

Communication and presentation skills (item #81)

Leadership (item #79)

Recruiting for workforce diversity (Item #89)

Cultural sensitivity workshops (item #90)

Conflict resolution (item #83)

Writing skills (item #80)

Impact analysis, e.g., measuring outcomes (item #93)

Stress management (item #84)

Program design, e.g., interpretive programs (item #91)

0.98

0.97
1

4) 0.'
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0.9
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Figure 3. lop ten needs for training opportunities rated by NPS urban park managers.

range from improving visitor relations (i.e., low, have a mean rating greater than 1,

customer service) and measuring out- which suggests they are "important"

comes to interpreting survey results. needs.

Training opportunities

The respondents were asked to rate a

list of 19 training opportunities in three

areas: (1) information technology, (2)

short courses in management, and (3) pro-

gram evaluation. The manager ratings

should prove useful for developing spe-

cific programs designed to target the train-

ing needs of urban parks. The top ten

rated training opportunities are shown in

figure 3. The four top items, which fol-

1

.

Visitor use management strategies for

urban parks

2. Communication and presentation skills

3. Leadership

4. Recruiting for workforce diversity

The respondents expressed interest in

receiving training in all topics, excepting

the Internet. The survey results indicate

need by NPS urban park managers for

See "Needs" on page 44
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"Needs " continuedfrom page 43

training opportunities in several areas. Rat-

ings can be used to develop and imple-

ment training programs and continuing

education opportunities for areas man-

agers deem important.

Delivery methods
The survey respondents were asked to

rate 12 delivery methods, ranking their

usefulness. The ratings should prove use-

ful for developing programs that will best

deliver research findings, technical assis-

tance, and training opportunities to ur-

ban parks. The top ten rated delivery

methods are shown in figure 4. The top

four items, which follow, have a mean

rating of 1 or more, indicating that they

are "important."

1. Internet

2 . Fact sheets

3. Reference handbooks

4. Workshops

Prioritizing preferred delivery methods

should help to facilitate a cost-effective

transfer of information and technical as-

sistance to urban parks in the national

park system. The survey results indicate

strong preferences among the respondents

for delivery methods. These delivery

methods should receive priority for train-

ing opportunities, technical assistance ac-

tivities, and dissemination of research

information.

Conclusion

This needs assessment is an important

first step by the Urban Recreation Re-

search Center to support the National

Park Service and its Social Science Pro-

gram. Understanding the needs of man-

agers of urban parks in the national park

system is vitally important to meeting the

NPS legislative mandate to conduct sci-

entific research in social sciences. The
survey results will help the URRC priori-

tize the needs of urban parks to develop

its research agenda, provide specific tech-

nical assistance and training programs,

and improve delivery of usable knowl-

edge, while minimizing costs.

The survey results indicate that the ma-

jority of respondents need social science

research, technical assistance, and train-

ing opportunities. We find overwhelming

need for research on visitor expectations

and an evaluation of experiences. Just 3%
of NPS urban park managers rated this

item of need "not important." Urban park

managers with the National Park Service

agree on the importance of developing

partnerships and working with their com-

munities for more effective delivery of

park programs. These results reveal man-

agers' needs for technical assistance, such

as improving visitor relations and inter-

preting survey results. Respondents ex-

pressed an interest in getting training for

every topic, except the Internet. Prioritiz-

ing delivery methods should facilitate cost-

effective transfer of information and

technical assistance to urban parks in the

national park system. There are strong

Internet (item #100)

Fact sheets (item #95)

Reference handbooks (item #98)

Workshops (item #101)

Videotape (item #99)

"How to" information brochures (item #104)

Conferences (item #102)

Technical Reports (item #107)

Distance learning (item #103)

Site visit by URRC staff to urban park (item #105)
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preferences among managers for the de-

livery methods: Internet, fact sheets, work-

shops, reference handbooks, and

"how-to" information brochures.

The managers' comments indicate need

for economic research, impact analysis,

and opinion surveys. They also cite the

need for technical assistance on manage-

ment issues. The need for further research

on resource impacts from visitation was

echoed by many key informants during

the interviews that we conducted at the

site visits to urban parks. This social sci-

ence needs assessment ofNPS urban park

managers provides the Urban Recreation

Research Center and the NPS Social Sci-

ence Program with usable knowledge to

develop and deliver research, technical as-

sistance, and training programs. The re-

sults prioritize the current needs of NPS
urban park managers for social science.

At this juncture, the Urban Recreation

Research Center has developed a com-

prehensive strategic plan based on the sur-

vey results. In the next few years, while

many of the initial research, technical as-

sistance, and training programs are com-

pleted, the Center will resurvey NPS
urban park managers to see if any distin-

guishable changes in the values, priori-

ties, and needs of NPS urban park

managers occurred and whether changes

can be attributed to URRC programs, p
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Usable Knowledge:
A progress report on the NFS Social

Science Program

Usable
Knowledge

By Gary E. Machlis

Understanding the relationship be-

tween people and parks is criti-

cal for protecting resources and

providing for public enjoyment. Hence,

social science research is critical to the

mission of the National Park Service, and

it is an important function of the agency.

In 1996, the National Park Service

(NPS) approved a plan for an expanded

program of social science. Usable Knowl-

edge: A Plan for Furtheri?ig Social Science

and the National Parks was the work of

many individuals and groups: NPS man-

agers and university scientists participat-

ing in several workshops across the

country, a social science committee es-

tablished by the National Park System

Advisory Board, the Associate Director

for Natural Resource Stewardship and

Science, the newly appointed Visiting

Chief Social Scientist, a review commit-

tee of park superintendents, and the NPS
National Leadership Council. The plan

outlined a specific and ambitious set of

tasks to be accomplished in FY1996-99.

This article briefly reviews the progress

made in achieving the objectives set forth

in Usable Knowledge.

An overview of the plan

Usable Knowledge defined the scope of

the program and its role within the Na-

tional Park Service. The program's scope

includes economics, geography, psychol-

ogy, political science, and sociology, as

well as interdisciplinary research. (Arche-

ology, anthropology, and ethnography

programs are active within the Park Ser-

vice, and located in the Cultural Resource

Stewardship and Partnerships directorate.)

The objectives ofthe program are to "con-

duct and promote state-of-the-art social

science related to the mission of the Na-

tional Park Service, and deliver usable

knowledge to NPS managers and the pub-

lic."

The plan inventoried current social sci-

ence infrastructure and activities, and

made several key recommendations for

improving social science in the national

parks. These recommendations in-

cluded integrating the social science

program into the Natural Re-

sources Stewardship and Science

directorate, implementing key rec-

ommendations of the 1992 Na-

tional Research Council's report

on science in the parks, establish-

ing a small social science program

office within the Washington Of-

fice (WASO), expanding the

cadre of social scientists working

with the National Park Service

through research competitions

and other initiatives, and restruc-

turing university partnerships to system-

atically include social science research.

The recommendations were followed

by a detailed action plan that included

specific tasks, an annual schedule, and a

targeted budget for FY1996-99. Tasks

were organized around three strategic

areas: creating the WASO social science

office, implementing new and critical ini-

tiatives, and improving existing programs.

These are discussed below. (It is impor-

tant to note that numerous other pro-

grams, activities, and cooperative

partnerships are ongoing-the University

of Minnesota's active social science part-

nership with the Midwest Region is an

example-and that many social scientists

are engaged in individual projects with

units of the national park system.)

NPS Social Science Program
A small Washington, D.C., office was

established. The position of Visiting Chief

Social Scientist was created, to be filled

by a university or government social sci-

entist for a multiyear term. Responsibili-

ties of the position include managing the

overall program, conducting research,

working with other agencies and the sci-

entific community, and serving as a so-

cial science advisor to the NPS leadership.

An NPS social science specialist posi-

tion was created to assist in managing

the program. A university scientist works

with the staff through a cooperative

agreement. A graduate student internship

was established, and students from four

universities have spent a semester in

Washington, D.C., working with the Na-

tional Park Service.

The WASO office has implemented sev-

eral activities to serve NPS park managers.

A website (www.nps.gov/socialscience/

intro.htm) was created and is on-line, to

provide current information and assis-

tance to managers and scientists. The
Office of Management and Budget

(OMB) survey approval process-required

for all federally funded surveys of the

public-has been streamlined. For basic

visitor surveys, a new "expedited" process

has reduced the time required from five

months to two weeks, and now saves

money. To provide NPS managers with

"state-of-the-art" social science, a Social

Science Research Review Series has been

inaugurated. Each issue reviews the sci-

entific literature on a specific topic of in-

terest to the National Park Service. The

first issue (Winter 1999) dealt with the

effect of noise on visitor experiences; the

second issue explored minority use of

parks (Spring-Summer 1999); the third

covered employee safety (Fall 1999).

Additional issues will address carrying

capacity and public involvement.

The Washington Office provides tech-

nical assistance to parks, clusters, and re-

gions as requested; a common example

See "Knowledge" on page 46
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"Knowledge" continuedfrom page 45

is conducting peer reviews of draft re-

search reports or research proposals sub-

mitted to park staffs. The office has been

commissioned to prepare social science

plans for parks and program centers.

Research plans have been completed for

the Harpers Ferry Center, the South

Florida parks and preserve, and the Risk

Management Division. The program has

also provided assistance on selected in-

ternational projects-including water con-

servation activities with South Africa,

visitor surveys in Slovakia, and social sci-

ence planning in Costa Rica and Poland.

Critical initiatives

A key recommendation of Usable

Knowledge was to expand the cadre of

social scientists working with the Park

Service, and develop several competitive

research programs. An agenda of research

on national needs was developed (with

input from park superintendents), to sup-

port research projects critical to the en-

tire national park system, and unlikely to

be funded by any one region, cluster or

park. The program distributes to the sci-

entific community a periodic request for

proposals, and interested researchers sub-

mit detailed study plans to a review panel

that includes social scientists and NPS
managers, and which selects the winning

study teams. The research covers a wide

range of important topics, including:

To encourage and develop the next gen-

eration of scientists working in the na-

tional park system, a scholarship program

was developed. While managed by the

social science office, and including the

social sciences in each year's competition,

the Canon National Parks Science Schol-

ars Program is broadly aimed at the bio-

logical, physical, social, and cultural

sciences. The program is underwritten by

Canon USA, Inc. Partners include the

National Park Foundation (NPF), the

National Park Service, and the American

Association for the Advancement of Sci-

ence (AAAS). Canon USA has contrib-

uted over $2.5 million dollars to fund

Ph.D. dissertations on topics selected by

park superintendents, and announced to

the nation's universities each fall. Eight

Canon Scholars were selected in 1999,

and the first class of new scientists will

graduate in 2000.

Over 40% of the visits to the national

park system take place in urban parks,

and many parks once remote are increas-

ingly surrounded by metropolitan re-

gions. To provide NPS managers of urban

parks with needed social science research,

technical assistance, and education, an

Urban Recreation Research Center

(URRC) was established through a com-

petition among nine historically black

colleges and universities. Southern Uni-

versity-Baton Rouge was selected, and

has begun its activities with a needs as-

sessment ofNPS managers, to ensure that

The OMB survey approval process has been streamlined.

improving the Money Generation

Model (used by many park managers

to estimate the economic impacts of

parks),

evaluating the impact of the Fee Dem-
onstration Program upon park opera-

tions, visitors and local communities,

developing carrying capacity manage-

ment methods supportable by science,

conducting a national public survey (fo-

cusing on citizens that do not use the

parks), and

learning from special "events" that can

teach the National Park Service valu-

able insights on park management-
such as the 1995-96 government

shutdown's impact on park gateway

communities, or the socioeconomic im-

pacts of the 1997 Yosemite flood.

its future research projects meet NPS
needs. An added, important benefit of the

URRC is to increase the opportunity for

minority students to gain experience with

the National Park Service, and the URRC
has a job fair, diversity training, and other

activities planned and underway.

Improving existing programs
The Visitor Services Project (VSP) has,

since 1982, conducted visitor studies at

selected units of the national park sys-

tem. An advisory committee of NPS
managers receives nominations from the

parks and regions, and selects up to 10

parks for a VSP study each year. Over

110 parks have undertaken a VSP study

since the project began. These in-depth

visitor studies are used by parks to assist

in park planning, operations, resource

management, and working with local

communities. An annual report, Serving

the Visitor, is produced, and widely dis-

tributed.

Beginning in 1998, the Visitor Services

Project was assigned the task of conduct-

ing visitor surveys needed to report per-

formance toward Government and

Performance Act (GPRA) goals. A short

visitor survey card was developed, tested,

and used in over 280 parks in 1998, and

customized reports prepared for each

park, cluster, and region. Based on the

first year experience, the survey card was

improved, and is currently being used in

parks throughout the country.

A key component of Usable Knowledge

was restructuring partnerships between

the National Park Service and universi-

ties, so that the agency could effectively

employ university social science to meet

park needs. This objective is included in

the development of the Cooperative Eco-

system Studies Units (CESU) concept.

Each CESU includes a host university,

partner universities and institutions, and

several federal agencies. They are inter-

disciplinary in scope (including the social

sciences), and will provide research, tech-

nical assistance, and education to park

managers. The first round of the CESU
network includes six federal agencies, 23

universities, and additional partners, and

became operational in FY1999. Additional

CESUs will be established this year.

Not yet achieved

Not all of the tasks listed in the 1996

social science plan have been achieved.

The plan called for several inter- and in-

tra-agency working groups to more ef-

fectively coordinate social science activity;

these have not succeeded. The social sci-

ence website was initially conceived as

including social science databases that

could be used by managers and scien-

tists; this has not yet happened. The plan

called for regular meetings between man-

agers and social scientists; social science

sessions at last year's George Wright So-

ciety meeting were fruitful examples of

the value of such interchanges, but they

remain ad hoc.

The plan called for developing a sab-

batical program for social scientists inter-

ested in working in units of the national

park system, providing technical assis-

tance, conducting their own and park-
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sponsored research, and offering train-

ing to park employees. The limited pro-

gram has been replaced with a broader

Sabbatical in the Parks Program now be-

ing developed. It will act as a "match-

maker," bringing together available

university faculty in all sciences with in-

terested park staffs-providing usable

knowledge at low cost and high value.

Next steps

Beyond the 1996 plan, there is much
more to do to fully deliver social science

to NPS managers and the public. The plan

focused on developing a national pro-

gram, and this has largely been accom-

plished. An important strategic step is to

now increase the social science capabili-

ties of the National Park Service at the

regional, cluster, and park level. Only a

few parks have social scientists on staff

or duty-stationed on-site. Only a few re-

gions have efficient access to social sci-

ence expertise through the U.S.

Geological Survey or cooperative agree-

ments with universities. Funding for park-

specific social science research is largely

not available, and must be increased, if

park managers are to have the necessary

information required for science-based

decision making. Several social science dis-

ciplines-economics and geography in par-

ticular-are vital to the National Park

Service, yet not well represented among
available researchers.

Usable Knowledge represented both a

practical definition of applied social sci-

ence for park managers, and a detailed

"road map" for the first several years of

the new NPS Social Science Program. In

this and following years, new directions

and ways of serving park managers, the

scientific community, the public, and the

parks need to be explored and tested. Yet

the basic rationale for NPS social science-

that understanding the relationship be-

tween people and parks is critical to

effective park management-remains a sci-

entific and management constant critical

to the National Park Service, p

Gary E. Machlis is Visiting Chief Social

Scientist, National Park Service Social

Science Program, and Sociology Project

Leaderfor the University ofIdaho

Cooperative Park Studies Unit. He can

reached by e-mail at gmachlis@uidaho.edu.
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May 16-18

October 1 6-20

October 1 8-22

Meetings of Interest

The Third Conference on Research and

Resource Management in the Southwestern

Deserts will convene in May in Tucson, Arizona, to

discuss Creative Coopertaion in Resource Management.

Sponsored by five federal bureaus (including the National

Park Service), two state agencies, and a cooperating association, the

sessions will focus on creative collaboration in land use, research, and

resource management. Specific topics include: ecological research and

management; conservation collaboration in the upper Gulf of California

region; physical science; species recovery and conservation; cultural

resources; conservation and monitoring of southwestern herpetofauna;

and Sonoran Desert conservation plan partnerships. A poster session is

also planned. For more information about registration contact Lee

Benson at lee_benson@nps.gov; program information is available from

Bill Halvorson at halvor@srnr.arizone.edu. Further details about the

conference are available at www.srnr.arizona.edu/nbs/meetings.html.

The Natural Areas Association is planning its 27th annual conference,

Managing the Mosaic: Connecting People and Natural Diversity in the 21st

Century, to be held in St. Louis, Missouri. Celebrating the bicentennial of

the Lewis and Clark Expedition, the banquet address will explore the

historical and future implications of their trip, while plenary and concur-

rent sessions will focus on different aspects of biodiversity and how
humans fit into the new century of management. Session topics planned

include: insects in natural communities; economic values of natural

diversity; monitoring; ecoregional planning; conserving caves, streams,

and urban lands; partnerships; and many others. Further information is

available from the Natural Areas website at www.natareas.org ("conferences"

link) or from conference coordinator Kate Leary (573-751-4115, xl83;

learyk@mail.conservation.state.mo.us).

The Eleventh International Conference of the Society for Human Ecology

will meet in Jackson, Wyoming, to discuss Democracy and Sustainability:

Adaptive Planning and Management. The meeting will build on discussions

about adaptive planning and management decisions, introduced at the

tenth conference, by focusing on the interrelationship between demo-

cratic institutions and ecosystem sustainability. The conference will bring

together researchers from around the world whose concerns are the

enrichment of human well-being and the concomitant protection of

environmental quality. These scholars are working on issues such as: (1)

the relationships between human activities and environmental change; (2)

the effects of environmental changes on human health and well-being; (3)

the dynamics of human adaptation to societal, technological, and environ-

mental change; and (4) methods by which environmental planning and

decision making can be improved. Jonathan Taylor, whose article appears

in this issue on page 14, is the program contact (jonathan_taylor@

usgs.gov). Forms for submitting abstracts are available on-line at

www.societyforhumanecology.org/conference.htm.

Readers with access to the NPS NR Intranet can view a comprehensive listing of upcoming

conferences and meetings at wwwl.nrintra.nps.gov/ (click "conferences, meetings, and training").
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Restyling

Park Science

through the

years:

1981 (top),

1991 (middle),

and 1995.

IN THE CENTURY OF THE ENVIRONMENT

early six years have elapsed since the last face-lift given to Park Science. The current changes

coincide with the new millennium, or what participants to Discovery 2000 last September in

St. Louis began referring to as the "century of the environment." The purpose of the

changes, however, is based on a practical matter rather than a symbolic one: to compel the

interest of new readers, both within and outside the National Park Service, and to stimulate

greater appreciation for science-based park management.

About to begin its 21st year, Park Science has a devoted audience. Yet we have often

wondered who is not reading it and what we could do to induce them to become readers.

We even asked a question to this effect in a reader survey five years ago, and we got a few

varied responses. Among them were to include more social science articles, feature the

recommendations of superintendents, upgrade the science being reported, print both

technical and nontechnical articles, provide more information on potential grant sources,

> help build synergy between maintenance and resource management operations, pro-

vide real-world management solutions, and publish on the Web. In many cases we
have acted upon these ideas. One suggestion, however, has not been addressed until

now: to make this publication more competitive with the many newsletters and bul-

letins that vie for the attention of readers.

With impetus from the Park Science editorial board and design concepts provided by

Glenda Heronema of the Denver Service Center, we introduce a new look for Park

Science this issue that is more attractive and magazine-like, and thus more friendly and

inviting. Gone is the institutional newsletter appearance, replaced by more fully devel-

oped pages and the use of color as an enticement to new recruits and devoted readers

alike. We sincerely hope the new design will garner attention from those otherwise

inclined to pass it by, while retaining the interest of those who have always found it

informative. We believe the new look will broaden our reach, increase our ability to nur-

ture science-based park management, and build public awareness and understanding of

our resource preservation mission. Please let us know what you think.

Does this signal a change in our message? Essentially, no. Park Science will continue to

report recent and ongoing research and its application in park management. However,

as we begin this century of the environment, we want to be more inclusive of all park

operations and plan to modify the Highlights department along these lines. Specifically,

we want to feature brief articles that describe what all NPS operations in parks are doing to

preserve natural resources and how they are applying science to improve their own operations.

For example, we want to share the contributions of maintenance and visitor and resource pro-

tection divisions to the accomplishment of natural resource management projects. Likewise,

interpretive programs that involve the public and school children in our natural resource man-

agement programs through hands-on participation are of interest. We want to feature the views

of park superintendents on the role of science in resolving management problems. And, of

course, we intend to continue publishing research results that have implications for natural

resource management along with reports of the many activities of park natural resource pro-

grams across the nation.

As always, we invite you to participate in Park Science by submitting your stories and helping

us achieve this goal.

Jeff Selleck

Editor
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ON THE COVER
Wolves travel the icy shoreline of Siskiwit Bay at

Isle Royale National Park, Michigan. After having

successfully studied wolves and moose on this

wilderness island for 30 years without handling,

biologists began a live-trapping program in 1988

that provided important genetic information to

managers. Last year the park investigated the

possibility of returning to a hands-off monitoring

approach, photo by rolf o. peterson
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Cover Story
14 How long do we keep handling wolves in the Isle Royale

wilderness?

An expert panel examines the difficult resource management question in considera-

tion of wilderness values and the advantages of particular scientific information

obtained through monitoring.

By Jack G. Oelfke and R. Gerry Wright

Features
1 y A conversation with Point Reyes Superintendent

Don Neubacher
The national seashore leader discusses the use of science in park management, the

Natural Resource Challenge, and the future of resource preservation at the

California coastal park.

By the editor

2.3 Protecting resources and visitor opportunities: A decision

process to help managers maintain the quality of park

resources and visitor experiences

Researchers facilitate and study the use of the timely process in field tests conduct-

ed at Mesa Verde, Yellowstone, and Arches.

By Theresa L. Wang, Dorothy H. Anderson, and David W. Lime

28 Late Jurassic (Morrison Formation) continental trace fossils

from Curecanti National Recreation Area, Colorado
The authors describe an alternative to removing fossils from a park for their preser-

vation, study, and educational use.

By Anthony R. Fiorillo and Richard L. Harris

30 An Importance-Performance evaluation of selected programs in

the National Center for Recreation and Conservation

Researchers assess satisfaction among cooperators who received assistance or serv-

ices from four NPS programs: Rivers, Trails, and Conservation Assistance; National

Heritage Areas; Federal Lands-to-Parks; and Wild and Scenic Rivers.

By Michael A. Schuett, Steven J. Hollenhorst, Steven A. Whisman, and

Robert M. Campellone
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ECOLOGICAL SCALE

Theory and

Applications
By D. L. Peterson and V. Thomas Parker, editors

A book review by Allan F. O'Connell, Jr.

Much of how we care for and manage our

natural world this century will revolve

around how ecological scale is interpret-

ed. The question of scale—the range of

specificity applied in natural resource

studies and management—is fundamental

and critical for ecologists. Yet application

of scale concepts is a complex and con-

tentious area of ecology that is often diffi-

cult for resource managers to implement in

planning and conservation efforts. Given

the enormous amount of material currently

available and the difficulty scientists and

resource managers face in simply finding

all available literature on a particular topic,

"Ecological Scale—Theory and

Applications" represents an important

compilation of information under one cover. For a topic

described as "important, poorly understood, and contro-

versial" (another review of this book), this publication

should be a mainstay for scientists and resource managers

everywhere in need of a thorough and first-rate reference

on ecology.

Part of the "Complexity in Ecological Systems" series,

Ecological Scale is divided into four sections: (1) integra-

tion of process, pattern, and scale; (2) interpretation of

multiple scales in ecosystems; (3) ecological inference and

application—moving across multiple scales; and (4) incor-

porating scale concepts in ecological application. The

entire volume is 608 pages, with 33 different contributors

(some authors participated in more than one chapter) and

72 pages of references. The book is truly interdisciplinary,

and the editors have clarified and illuminated the impor-

tance of scale in a variety of ecosystem components: ani-

mals (including an entire chapter on large mobile organ-

isms), plants, water, food webs, and soils. Additional high-

lights include scale-oriented reviews of ecological theory,

"This publication

iiftiuncw

for scientists and

resource managers

everywhere in need

of a thorough and

first-rate reference

on ecology."

ecosystem management, relationships to policy and deci-

sion making, experimental design, and measuring envi-

ronmental change.

A previous book review in Park Science stated "many

books on conservation topics have poorly integrated

chapters, are hard to read, are often dull,

and end up serving primarily as references

for a narrow, technical audience" (see vol-

ume 18( 1):10— 12). Some of these assertions

may apply to Ecological Scale; browsing the

chapters reveals a good deal of complexity in

consideration of the many tables, figures, and

citations. I had some trouble maintaining

focus and interest in some chapters but attrib-

ute this to my own particular interests.

Nonetheless, given the diversity of topics cov-

ered, I found the

volume to contain a wealth of

important information on how

ecologists and resource man-

agers view ecosystems and their

various components.

Additionally, the book delves

into the application of the con-

cepts of measurement, analysis,

and inference in both theoretical

and applied ecology, essential

information for park resource

managers.

With some humorous, but

thought-provoking chapter titles

that include "Homage to St. Michael or why are there so many

books on scale," the importance of scale in biological systems

quickly becomes evident. With the interest of the resource man-

ager in mind, I have attempted to summarize each of the four

sections, point out some highlights, and offer a few parting

comments.

Ecological Scale—
Theory and Applications

1998, Columbia
University Press

608 pages

Cloth

ISBN 0-1231-10502-9

$63.00

Paper

ISBN 0-231-10503-7

$35.00
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Section I

—

Integration ofProcess,

Pattern, and Scale

The book begins with the aforementioned "Homage to

St. Michael..." chapter that discusses the semantics and

implications of the terms "scale" and "level" in ecology.

This section provides a detailed review of techniques used

for detecting spatial patterns including a concise definition

of fractals and the need to understand process and pattern

as they relate to experimental design. A discus-

sion ensues using landscapes as a

backdrop and concluding that the

integration and organization of

scaled relationships within com-

plex systems will clarify our under-

standing of the natural world. Some

things are scale dependent, others are

not, and the differences are pointed out.

The last chapter of section I examines the

ambiguity that surrounds the concept of

habitat and the evolving concept of niche.

The Habitat-Based Model is used to describe

these relationships and the model's operationa

framework is presented.

Section II

—

Interpreting Multiple Scales in

Ecological Systems

A paleoecological perspective compares hypothesis test-

ing versus the description of microscopic plant pollen (fos-

sil) that is the primary source of information about envi-

ronmental change. The question "How can techniques be

used for management applications?" is examined. The dis-

cussion then focuses on soils and their resulting spatial and

temporal relationships. Criticism is levied on the views ecol-

ogists have long held for soil, and the major misperceptions

of the soil environment are addressed. The physical envi-

ronment and biological structure of lakes and riverine sys-

tems are reviewed along with the importance of human
influences on these systems. The next chapter considers

how to examine scale issues in the context of plant com-

munity dynamics and the usefulness of hierarchy theory

and predictive model development. A well-crafted chapter

on animal population dynamics completes the variety of

single-system components that are examined, and will like-

ly stimulate integrated work on animal populations in the

context of dispersal and landscape structure. The last two

chapters focus on food webs (i.e., species richness, trophic

or nutritional levels) and landscapes, two topics representa-

tive of integrating the components previously discussed.

Section III

—

MovingAcross Scales: Ecological

Inference and Applications

Based on the variety of topics, this section has little con-

tinuity, much like the following review. Nevertheless, the

topics are important and offer insights into the study and

management of large organisms and the use of applied

scaling theory to conduct research. The section begins

with a chapter that emphasizes the importance of

:d relationships and provides an overview of

lometric scaling, an important and often over-

looked concept with respect to scale in biolo-

This chapter notes that the increasing

;e of scale concepts represents a funda-

mental difference in how scientists

"pursue" research, a move away

from the purely observational

type of research pervasive in

the 20th century. The diffi-

culty with remote sensing

and the use of large

data sets is complicat-

ed by the differences

in the meaning of

scale to geographers

and ecologists. The impact of

mobility on study design and interpretation

with respect to how animals interact with the environ-

ment is directly related to scale. The break point for what

is considered a large organism was not defined, but one

gets the impression that extrapolation could be made to

any size organism. The importance of trees, in particular

tree branches, in determining patterns of vegetative

change is offered as the scale from which to focus ecolog-

ical research. The authors give a variety of reasons in sup-

port of this approach as opposed to either the leaf- or the

entire tree-focused approach. The next three chapters are

key for scientists and resource managers alike, given the

importance of ecosystem disturbance, study design, and

data analysis in conducting and interpreting research.

While the discussion surrounding these three topics is

overwhelming, the topics themselves are of critical impor-

tance if we are to critically examine and understand our

resources. Although some topics like time series and auto-

correlation are more suited for the scientist, the resource

manager striving to keep abreast of the intricacies of the

science in their parks would do well to review these chap-

ters.

See "Book Review" in right column on page 7
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Alcatraz Bird Census

Dear Editor,

The article entitled "Alcatraz bird census ... or the

ABC program" in the spring 2000 issue of Park Science

[20(1 ):6] contains several inaccuracies. Ranger Brett

Woods did found the Alcatraz Bird Census (ABC) in the

early 1990s. However, after his brief stint on the island

ended, I took over ABC program management. The pro-

gram hardly "languished" as the article stated. Instead, it

ran successfully until I left the island in 1997.

I worked on Alcatraz from 1991 to 1997. Among my
myriad duties, I served as Natural Resources

Coordinator for the island. I recruited, trained, and

supervised the volunteers that conducted the ABC until I

left for Everglades National Park in 1997. During my
tenure as "Birdman of Alcatraz," the ABC did quite

well. There was no apparent need for changing the cen-

sus procedures or database management. I was therefore

disturbed to note that the article suggested that the ABC
stagnated or stopped after Woods' departure.

Wilfredo Reyes

Park Ranger

Everglades National Park

Golden Gate NRA regrets the article's tone. However,

the decision to standardize methods for recording bird

frequency and occurrence data on Alcatraz along with

regular reporting has improved the value of the informa-

tion. For example, the area search protocol , now used

on Alcatraz and at other areas in the park, distinguishes

birds on land from those on water, information that was

useful to park management in a recent environmental

impact statement. The technique has other benefits,

including its widespread usage. Database management

evolved to reflect the needs of the protocol, and the soft-

ware was changed to meet the NPS standard.

iRalph, C. J., G. R. Geupel, P. Pyle, T. E. Martin, and D. F.

DeSante. 1993. Handbook of field methods for monitoring land-

birds. U5DA Forest Service, Publication PSW-GTR-144, Albany, CA.

views
Axtell and Vequist take on new challenges

Last spring, Mike Soukup, the Associate Director for

Natural Resource Stewardship and Science, announced

the selection of Craig Axtell as Chief of the new

Biological Resource Management Division.

Headquartered in Fort Collins, the new division will help

carry out the thrusts of the Natural Resource Challenge

to protect native and endangered species and their habi-

tats and to aggressively control nonnative species. The

division was funded and established in FY2000.

In taking the new position, Axtell left his job with

Rocky Mountain National Park where he served as

Chief of the Division of Resource Management and

Research. His career with the National Park Service

spans 25 years and also includes positions as Park

Planner and Economist with the Denver Service Center

and Resource Management Specialist at Everglades and

Isle Royale National Parks. He graduated from Colorado

State University with a B.S. in forest science and an M.S.

in natural resources management.

Since coming on board in May, Axtell has been busy

setting up Exotic Plant Management Teams to address

the problem of invasive plants in parks. Four teams are

currently operational and have begun exotic plant eradi-

cation efforts at parks in the National Capital Region,

Chihuahuan Desert and shortgrass prairie, Hawaiian

Islands, and Florida. Other functions of the new division

are national coordination of threatened and endangered

species management, integrated pest management, tech-

nical assistance with animal trapping and wildlife veteri-

nary operations in parks, and advice to parks on other

complex biological resource issues.

Also making a switch in jobs is Gary Vequist, who

was recently selected as the Associate Regional Director

for Natural Resource Stewardship and Science in the 13-

state Midwest Region. Duty stationed in Omaha,

Nebraska, Vequist formerly served as Chief, Resource

Management and Visitor Protection, at Carlsbad

Caverns National Park in New Mexico. He replaces Ron

Hiebert, who transferred to the Colorado Plateau

Cooperative Ecosystem Studies Unit at Northern Arizona

University in Flagstaff, Arizona, last December.
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Before his assignment at Carlsbad, Vequist held posi-

tions as the Alaska Regional Resource Manager for

seven years and supervisory resource manager at Glacier

Bay National Park, Alaska, for eight years, in addition to

numerous other seasonal park positions. He earned a

B.S. in zoology from Washington State University and an

M.S. in environmental quality engineering from the

University of Alaska. He brings to his position broad

experience working with species inventorying and moni-

toring, fire and cave management, visitor protection pro-

grams, and scientific research.

Ecosystem valuation website launched

Are you looking for ways to increase the relevance of

your park's resource preservation goals and projects in

the eyes of park visitors, neighbors, and other con-

stituents? While justifying such programs and actions

strictly on economics would be folly, economics should

not be ignored and can help managers evaluate which

preservation projects to undertake and how to justify

their expense. Resource managers may find the website

"Ecosystem Valuation" helpful in understanding how
economists value the beneficial ways that ecosystems

affect people. Written and developed by Dennis King

(University of Maryland) and Marisa Mazzotta

(Univeristy of Rhode Island), the site is designed for non-

economists who need answers about the benefits of

ecosystem conservation, preservation, or restoration. It

provides a clear, nontechnical explanation of ecosystem

valuation concepts, methods, and applications.

The website contains: a discussion of the purposes and

context for ecosystem valuation (The Big Picture); a non-

technical overview of the economic theory of benefit esti-

mation (Essentials of Ecosystem Valuation); descriptions

of specific valuation methods, including both dollar-

based measures and nonmonetary measures (Dollar-

Based Ecosystem Valuation Methods, and Ecosystem

Benefit Indicators); case study illustrations of each

method; practical considerations related to the methods,

including when each method is most appropriate, and

the links to sources of related information (Links); and

opportunities to provide feedback and share your experi-

ences as you develop and use estimates of ecosystem ben-

efits (Feedback).

The URL for Ecosystem Valuation is

www.ecosystemvaluation.org/. The site is funded by the

USDA Natural Resources Conservation Service and the

National Oceanic and Atmospheric Administration. [^

"Book Review" continued from page 5

Section IV

—

Incorporating Scale Concepts

in Ecological Applications

"Highlights include

scale-oriented reviews

of ecological theory,

ecosystem manage-

ment, relationships to

policy and decision

making, experimental

design, and measuring

environmental

change."

This section describes how managers and scientists can

effectively apply concepts of scale to natural resource

management. Flow

chart (i.e., word)

models, tables, and

diagrams effectively

support the text and

illuminate how we

use scale to measure

environmental change

and how scale affects

research, management,

and most important-

ly policy. Discussion

of policy issues

include air pollution

and salmon in the

Pacific Northwest, fire, and global climate change, each

demonstrating a perspective that all resource managers

should consider.

Conclusion

Covering the complexity of the scale topic, this volume

represents an important compilation of information on a

topic that is often misunderstood, and one for which little

attention is paid (although, thankfully, this seems to be on

the decline). Although technical, this book provides full

exposure to the scale issue in ecology and is an important

reference for researchers and resource managers who are

working to understand and preserve ecological function in

parks. The authors and editors have combined to provide

a needed examination of a very important topic. In sum-

mary, why purchase all those books on scale when just

one will do? The mountain of information alone stuffed

into this one book should prompt all parks to get a copy

and have it on hand as a quick and ready reference. [^

About the Author
Allan F. O'Connell, Jr., is a Research Wildlife Biologist and Leader

of Cooperative Park Studies with the USGS Patuxent Wildlife Research

Center on the campus of the University of Maine. He can be reached at

allan oconnell@umit.maine.edu or 207-581-2873.
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Students weigh and sample juvenile fish (above,

left and right) at Sitka National Historical Park,

Alaska, as part of a Nature Watch Program to

encourage hands-on experience in scientific monitoring

and nature discovery. One student improved the park

herbarium, adding 18 species of seaweed, including the one

at the right, as voucher specimens.

Students gather data _._..
at Sitka

Sitka National Historical Park is located at the mouth

of Indian River, which flows through a temperate rain-

forest in southeastern Alaska. In September 1999, the

park started a Nature Watch Program to give middle

school and high school students hands-on experience in

scientific monitoring and the discovery of nature. Local

students and those attending boarding school from

remote villages are documenting the state of local water-

sheds through stream surveys, biological inventories,

water chemistry analysis, measuring stream flows,

recording types of streambed materials, identifying juve-

nile fish, and mapping river channels. Students collect

these data with help from park biologist Jennifer

Williams, park rangers, and volunteers from Alaska

Department of Fish and Game (ADF&G), U.S. Forest

Service, and the Sitka Tribe of Alaska.

One of the program activities, fish surveys, was con-

ducted throughout the year and provided the students

with a valuable hands-on experience in fish identification

and handling, data collection, and project organization.

The goal of these surveys was to determine the species

present and their age class. First, the students learned to

distinguish between juvenile coho salmon and Dolly

Varden, then they separated the species into designated

buckets. If a fish species was unknown to the student,

the ADF&G or NPS biologist helped make the identifi-

cation. Next, three students weighed and measured the

juvenile fish and recorded the information. The informa-

tion will be used to determine how long the fry develop

in the stream before migrating to sea.

The program, which ran through last winter, created a

new source of data for park managers. The students' fish

sampling efforts have resulted in documenting the pres-

ence of cutthroat trout, a species previously unknown to

raise its young in Indian River. Sampling of junile fish is

also helping the park delineate prime rearing locations
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for salmon, trout, and char. The information collected

will be used to better understand and protect park

resources.

Sasha Stortz, a 10th grader, found the park's resources

interesting enough to volunteer time throughout the

summer. Working on a voucher collection project, Sasha

has pressed and added 18 new species of seaweed to the

park's current herbarium of 50 species. Later in summer

she assisted with production of Web page photo galleries

specific to the natural resources at Sitka National

Historical Park.

Sitka National Historical Park's Nature Watch

Program has brought the park closer to the community,

raised awareness of park resources, allowed students to

discover more about nature, and offered creative oppor-

tunities for individual students. The park will continue

to enhance the program through future proposals and

community outreach.

Gauging Hoover'sK' fishing hole

Floods and stream flow form the basis of a partnership

between Herbert Hoover National Historic Site (Iowa)

and the Iowa District of the U.S. Geological Survey

(USGS). After flooding in 1993, the USGS assessed flood

recurrence on a tributary of the west branch of the

Wapsinonoc Creek within the park. The USGS has con-

tinued its relationship with Herbert Hoover National

Historic Site since that time by installing a National

Streamflow Network stage gauge in the park.

The National Streamflow Network of the USGS con-

sists of more than 7,000 gages across the nation. These

gauges contribute the data necessary to address water

quality and quantity issues. Data appear on the Web at

www.usgs.gov.

Herbert Hoover National Historic Site uses the gauge

as part of a water monitoring program. Flooding poses a

threat to historic resources in the park with a high prob-

ability that a 25-year recurrence flood would cause dam-

age to structures. Understanding the behavior of the

creek may lead to better prediction and mitigation of

damaging floods.

The park also uses the gauge as a demonstration of

natural resource management. Interpretive signs and a

digital readout of real-time data accompany the gauge

housing in a high traffic area of the park. Visitors can

read measurements of water temperature, air tempera-

ture, rainfall, and stream flow.

Park staff use the stream to help visitors understand

that human development has changed water resources in

the last two centuries. Wapsinonoc Creek, and its tribu-

tary in the park, were very different streams when

President Hoover fished them as a boy. Riparian wet-

lands stabilized stream flow, but development

encroached on these wetlands at the turn of the century.

Field tiling and additions of impermeable surfaces within

the watershed increased the rate and quantity of runoff

from storm events. These changes have resulted in flash

flooding and bank erosion on the creek.

The stream gauge provides an opportunity to use

resource management issues in the park to deliver a

broad message about watershed protection and land use.

The gauge will provide data for management decisions

concerning land use and cultural landscape within the

park. Additionally, it will provide the National Park

Service with hard science for its leadership role as a pub-

lic land and watershed steward, [si

Articles wanted

Do you have a story you want to see pub-

lished in Highlights or another department of

Park Science} All you need to do is show

how a park operation such as resource man-

agement, interpretation, visitor and resource

protection, or facility management is con-

tributing to the preservation of natural

resources in a unit of the national park system

through the application of science. Send your

submission to the editor (see back cover for

contact information) along with a photograph

to illustrate your main point. More complete

guidelines for submitting all types of articles

for publication are available on the Park

Science website (www.nature.nps.gov/parksci).
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Visitors, ungulate management,
and interpretation

ossfile

Management of ungulates in the national

park system has varied throughout the histo-

ry of the parks. From 1900-30 attempts were

made to increase numbers of ungulates and

enhance viewing

opportunities.
Concern about the

overabundance of

ungulates was preva-

lent from 1930-40 and

in 1941 through 1968
parks instituted control pro-

grams to limit ungulate numbers. Since 1970, when activist

citizen groups emerged, public involvement in environmen-

tal decisions increased drastically. Because they want to view

animals and preferably at close range, visitors have an inter-

est in the management and welfare of wildlife in parks.

However, surveys revealed that the American public has a

poor understanding of ecological concepts and therefore

as difficulty in the comprehension of resource manage-

ment in parks. Examples are the opposition of the public

to removal of the mountain goat from Olympic National

Park (see photos) where this species is considered alien

and the discontinued removal of exotic burros from the

Grand Canyon.

R. G. Wright, writing in the Wildlife Society Bulletin

(1998. A review of the relationships between visitors and

ungulates in national parks. No. 26(3):471-76), suggests

that interpretive programs in parks could play a more

important role in educating the public about sound park-

specific management of ungulates. Park interpretive pro-

grams could be strengthened if they regularly included (1)

explanations of the effects of land-use adjacent to a park

on the park and its wildlife, particularly migratory

species; (2) explanations of the environmental, cultural, or

ecological function of resource management; and (3)

briefings on and explanations of impending management

such as control of alien species or culling of overabundant

animals.

Meeting the public's desire to see wildlife in parks with-

out creating disturbance of the animals and without invit-

ing well-meaning but inappropriate reversal of manage-

ment is challenging and calls for innovative techniques.

Because of budget limitations and fears of visitor dissatis-

faction, some parks seem reluctant, for example, to have

visitors leave their

vehicles and use

public transporta-

tion to reduce dis-
j

turbances of

wildlife but increase

viewing. (An exception is Denali National Park, which

tightly controls private vehicle use on a 130-km road;

most visitors use public transportation.) Wright suggests

that increasing public understanding of wildlife manage-

ment in parks may be the only alternative of meeting the

objectives of protecting wildlife in parks and retaining the

support of the public. Visitors must be made to under-

stand that parks were established as sanctuaries where

animals can live in nature but are not to be placed on dis-

play, and that management of a park must be toward that

end.

Wilderness management
survey

A variety of programs designed to foster personal develop-

ment or treatment of various ailments offer wilderness expe-

rience to paying clients. The programs are held in designated

units of the National Wilderness Preservation System and on

other public or private lands that offer naturalness and soli-

tude. The excursions have social benefits for the clients but

may pose a threat to the very wilderness that inspired them.
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Preventing adverse effects by wilderness programs is

already a grave concern in many areas, but information

about such effects was not available until four investiga-

tors began a study and collected data about the attitudes,

policies, and concerns of wilderness area managers

(Gager, D., J. C. Hendee, M. Kinziger, and E. Krumpe.

1998. What managers are saying—and doing—about

wilderness experience programs. Journal of Forestry

96[8]:33-37). The researchers sent eight-page question-

naires about policies, attitudes,

concerns, and preferred solutions

of problems to the supervising

administrators of 151 units in the

National Wilderness Preservation

System: 78 national forests, 49

units in the National Park System,

6 BLM state jurisdictions, and 18

national wildlife refuges. They excluded islands and areas

smaller than 5,000 acres where overnight use by wilder-

ness experience programs was unlikely. They received

responses about 144 (95%) units.

Two-thirds of the mangers felt that the use of wilderness

in their areas of responsibility was increasing. More than

a third thought use was growing 25 percent per year or

more. All the agencies required permits for use by wilder-

ness programs. Almost a third (29%) of the managers felt

that their agency policy was not sufficiently restrictive;

most (67%) thought theirs was just right; some (4%)

thought theirs was too restrictive. Managers in the USDA
Forest Service and the National Park Service tended to

think their agency policies were not sufficiently restrictive.

Bureau of Land Management and U.S. Fish and Wildlife

Service managers thought their policies were just right. As

many as 31 percent of the managers suggested that their

current policies were too ambiguous or incomplete or that

they did not know enough about the number or types of

wilderness programs using their areas. Another third

reported that their policies either were under revision to

be made more restrictive or wished their policies would be

revised.

The gravest reported problems created by wilderness

experience programs were establishment of new trails and

sites, overuse in already saturated areas, site impacts,

large group size, lack of wilderness stewardship skills and

knowledge, and conflicts with other recreation users.

Managers favor programs that promoted understanding

and caring for the wilderness resource over programs that

emphasized challenge, adventure, and personal growth.

Almost a third of the managers think the programs con-

flicts with other users. Managers want higher standards

and better compliance with regulations, certification of

program leaders, and liability insurance. Managers recog-

nize the benefits of the program to the participants but do

not think that the programs are wilderness dependent.

The survey revealed that communication and coordina-

tion among agency managers and wilderness experience

program leaders are needed to avoid misperceptions and

differences, and minimize the adverse effects by the pro-

grams, namely, to secure the benefits of wilderness for

present and future generations.

Selecting biological
indicators for resource
monitoring

Heavy visitor use in parks can cause unacceptable dete-

rioration of resources such as soil compaction, soil loss,

vegetation loss, disruption of normal nutrient cycles,

changes in hydrologic cycles, and changes in animal pop-

ulations. To identify biological indicators that measure

visitor effect and response of resources to management,

Arches National Park developed a Visitor Experience and

Resource Protection (VERP) plan that prescribes five steps

(Belnap, J. 1998. Choosing indicators of natural resource

condition: A case study in Arches National Park, Utah,

USA. Environmental Management 22[4]:635-42). (1)

Identified are vegetation types that visitors use most.

Compared are samples of vegetation and soil in affected

and unaffected sites. (2) Variables that differ significantly

between the compared sites are used as potential indica-

tors. (3) Site-specific criteria for indicators are developed

with information from previous studies and local experi-

ence, and potential indicators are evaluated with the cri-

teria. (4) The selected indicators are further examined for

ecological relevance. (5) Final indicators are selected and

field-tested, and monitoring sites are designated.

Indicators for monitoring annually in Arches National

Park were a soil crust index, soil compaction, and the

number of used social trails and soil aggregate stability.

Indicators for monitoring every five years were vegetation

cover and frequency, ground cover, soil chemistry, and

plant tissue chemistry. For monitoring, Arches National

Park was divided into zones that reflect various types and
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levels of visitor use. In these zones, sites that were affect-

ed most by visitors were monitored under the assumption

that these sites would best indicate compliance in the rest

of the zone. Monitoring sites were changed with changes

in visitor use.

The approach to indicator selection in Arches National

Park was time- and cost-effective. The identified indica-

tors were better than genetic indicators for different habi-

tat types, geographical locations, or use levels. The

process was effective for defining acceptable resource con-

ditions for different levels and types of recreation and for

providing management with clear, quantified directions.

Weaknesses of a plan like VERP are (1) the need for lead

time (2 years or longer) to survey habitats, develop a list

of potential indicators, determine ecological relevance,

and field-test the indicators; (2) staff expertise for the

assessments; and (3) time and money, constraints of

which may necessitate that measured variables are limited

to those that are clearly visible, inexpensive, and easy to

measure. The tiered approach of measuring some vari-

ables annually and other variables less frequently may be

an acceptable response to time and money constraints.

Global warming favors
invasive species

Elements of global change include change in atmos-

pheric composition, greenhouse-gas-driven climate

change, increasing nitrogen deposition, and changing pat-

terns of land use that fragment habitats and alter distur-

bance regimes (Dukes, J. S., and H. A. Mooney. 1999.

Does global change increase the success of biological

invaders? Tree 14[4]:135-39). These elements can affect

species distribution and resource dynamics in terrestrial

and aquatic ecosystems. They can favor groups of species

that share certain physiological or life history traits. New
evidence suggests that many nonnative invasive species

are favored by conditions from recent global change. An
increase in the abundance of such species may alter basic

ecosystem properties. For example, many invasive nonna-

tive plants such as cheatgrass, kudzu, and Japanese hon-

eysuckle are favored by elevated levels of CO2. The stim-

ulated plant growth from elevated levels of COj rnay

increase fuel loading and under the right conditions

increase the frequency and severity of fires. Information

from experimental studies suggests that rising CO2 levels

may slow the process of succession in grasslands and

thereby increase the dominance of nonnative species in

many ecosystems. Most plants increase their water-use

efficiency if grown in CC^-enriched environments. If

under such circumstances the rate at which plants tran-

spire decreases, the soil beneath plants dries out more

slowly and where plant growth is limited by water, species

that can take advantage of the extra moisture may even-

tually prevail. The abundance of a native species, Hayfield

tarweed, in California seems to have increased from such

circumstance. But so did seemingly the invasive yellow

starthistle. The effects of elevated CO2 levels are however

not readily predictable because they may depend on other

factors such as local resource availability, photosynthetic

pathways of species, and competition by other species.

Global warming from greenhouse gases is expected to

be most intense in winter at high northern latitudes.

Changes in global temperatures are also expected to

change precipitation regimes. Again, experiments revealed

that under some circumstances a short-term increase in

water availability can affect the long-term establishment

of nonnative species even after treatments are discontin-

ued. Long-term observations revealed that an increase in

annual precipitation in arid and semiarid regions of west-

ern North America could increase the dominance of inva-

sive nonnative grasses. On the other hand, global warm-

ing may decrease or shift the range of some nonnative

species.

Observations suggest that climate change will affect

interactions among native and nonnative animal species.

For example, higher temperatures will favor the Argentine

ant to the detriment of native ant species and will decrease

habitat for cold, cool, and even some warm-water species.

Warm-water nonnative organisms that may expand their

ranges are the cane toad, largemouth bass, green sunfish,

and bluegill. Generalists that unlike specialists do not

depend on specific conditions will adjust better to chang-

ing environmental conditions. Invasive species are usually

generalists.

Nitrogenous compounds that are released into the

atmosphere by fossil fuel combustion, fertilization of agri-

cultural fields, and other human activities return to the

surface in precipitation and dry deposition and fertilize a

large and growing portion of the terrestrial biosphere.

Such nitrogen deposition disadvantages slow-growing

native plants that are adapted to nutrient-poor soils but

favors faster-growing plants such as grasses. The increase

of nitrogen deposition has already altered the species com-

position of heathlands and chalk grasslands in the

Netherlands. Nitrogen deposition may also have already

allowed the invasion of California coastal prairie by intro-

duced annual grasses.

Research is required to better predict the effects of glob-

al climate change on plants and animals. Experiments

must be designed that simultaneously reveal the effects of

global change on specific nonnative species and answer

general questions about invasion biology. [^

"
1 PARKSCIENCE



Meetings
T OFInterest'

16—20, ZOO I The Wildlife Management Institute is sponsoring its 66th North American Wildlife and

Natural Resources Conference this spring in Washington, D.C. The conference will explore

improvements in the management of species of concern, the role of hunting in wildlife manage-

ment, and the relationship of large-scale environmental factors (e.g., global climate change,

human population growth and sprawl, and acid precipitation) on the ecological well-being of

the continent. Other conference tracks will look at issues related to the conservation of the

Chesapeake Bay watershed and wildlife habitat conservation on private lands. Further informa-

tion is available at www.jwdc.com/wmi/.

April 16-20 The George Wright Society Biennial Conference on Research and Resource Management in

Parks and on Public Lands will convene in Denver, Colorado, and explore the theme "Crossing

boundaries in park management: On the ground, in the mind, among disciplines." One of the

great lessons of the last 20 years has been that parks and park-like places can no longer be

managed strictly from within. Undeniably, managers must focus outwardly and routinely

engage local communities, partners, and the public in dialogue about park management. Thus,

the conference will focus on effective land management in the context of crossing boundaries

related to jurisdiction, in our minds, and those that keep us too narrowly focused in our own

areas of expertise. David Lowenthal, eminent geographer, biographer, and expert on the per-

ception and meaning of history, will keynote the conference opening session. Environmental

philosopher and award-winning nature writer, Kathleen Dean Moore, will also address partici-

pants during the week. Further information is available at www.georgewright.org or by calling

906-487-9722.

April 24-26

May 27-JuNE 1

The Department of Defense is hosting the International Military Noise Conference in

Baltimore, Maryland, to address concerns about the continued growth of noise pollution.

Participants will include military personnel, environmental officials, and industry and citizen

stakeholders with a vested interest in the effects of two types of military noise: environmental

and occupational noise. The gathering will provide a forum for the exchange of information on

military noise; the associated effects on humans and wildlife; and current, future, and emerging

technologies. Further information is available at www.apimeetings.com/.

The Society of Wetlands Scientists extends a welcome to everyone who is involved in wetland

science, research, protection, management, education, and policy to attend its 22nd Annual

Meeting in Chicago, Illinois. Now in the planning stages, the conference will center on wet-

lands in an urban setting, which provide critical functions in the landscape and provide a key

link between large centers of human population and natural resources. Further information is

available at www.sws.org/chicago/.

"Readers with access the NPS NR Intranet can view a comprehensive listing of upcoming con-

ferences and meetings at wwwl.nrintra.nps.gov/ (click "conferences, meetings, and training").
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How long do we keep handling VS^OIVCS

in the Isle Royale wilderness?

0^ f&
By Jack G. Oelfke and R. Gerry Wright

S
ometime during winter 1948/49, what is now Isle Royale National

Park's most famous inhabitant, the gray wolf (Canis lupus), entered

the Michigan island, crossing the ice-covered Lake Superior from main-

land Ontario or Minnesota. Upon their arrival, they discovered what

must have been to them, quite simply, paradise: an island with plenty of

food (Alces alces, the moose) and no human harassment. No roads, no

hunting, and no serious competition for the

ample prey base present. The wolves made

quick work of their only true competitor, the

coyote, by eliminating it from the island within

a few years. More importantly, they asserted an

influence over a moose population whose num-

bers had fluctuated considerably since

its arrival to the island ecosystem in

the early 1900s, including at least one

massive population crash in the

1930s.

Ten years later another significant

lake crossing occurred—the arrival of

the first researchers into the park to

begin a focused study of the wolf pop-

ulation. In 1958 Dr. Durward Allen

and his associates began what has

become the longest-running wildlife

study in the world, the wolf and

moose research and monitoring study

in the park. By winter 2000 this study

had reached its 42nd year, including the last 30

years of investigation under Dr. Rolf Peterson

of Michigan Technological University. The

research brought to the world a look at wolves

and moose in an ecosystem largely free of the

ills and influences of modern society. In doing

so, these efforts made the wolf famous, the icon

of Isle Royale itself. The park, and the stature

of the gray wolf in America, has forever

changed as a result of these two journeys.

Despite the

years of

intensive

study, the

wolves

were never

handled or

touched by

humans.

Background

The popular media began its role in creating a

near mythical status for the island's wolves as

early as 1963 in National Geographic (Allen

and Mech 1963). A part of the mystique that

surrounded the wolves of Isle Royale

was that despite the years of intensive

study, the wolves were never handled

or touched by humans. Even prior to

the park's wilderness designation in

1976, park management directed that

no handling of wolves would occur

through the research efforts.

Adequate documentation of the status

and trends of the wolf population

could be gathered through aerial sur-

veys in the winter (see the cover pho-

tograph), and for the first 30 years of

the study, that was enough intrusion

in their world. The policies and phi-

losophy of designated wilderness,

which direct that the minimum requirement or

tools be used when completing any action with-

in wilderness (including approved research),

influenced this decision, but so did the desire to

perpetuate the aura of the untouched wolf pop-

ulation.

By 1980 the island's wolf population stood at

50, an incredible density of one wolf per four

square miles. This density was not sustainable,

and when the wolf population crashed to 14

Figure 1. Three biologists carry a sedated wolf to an examination site at Isle Royale National

Park. Looking for answers to a wolf population crash due, in part, to disease, biologists

began live-trapping and handling wolves in the park in 1988. photo by rolf o. peterson
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animals by 1982, no one was terribly surprised or worried.

By 1988, however, when the wolf population remained in

the low teens despite an apparently ample food base, it was

clear that something was awry in the population. Park

management sought advice from both within the National

Park Service and the external research community, and a

peer-reviewed proposal in 1988 recommended the need to

handle wolves on the island to assess the persistent wolf

population decline and the high mortality rate. The prac-

tice of handling wolves continued following a meeting of

specialists that reviewed the first-

year findings. During that period,

no end-date for how long the han-

dling was to continue was dis-

cussed; rather, most experts

involved believed that answers to

the questions of the wolf decline

would be gained quickly and

resolve the issue. Ultimately, disease

as a major factor in the island's

wolf decline was implicated in the

persistent decline (Peterson et al. 1998).

Handling the island's wolves also led to

greater insights of issues related to wild canid

populations. Genetics testing of these wolves

led to the understanding that virtually every

island wolf had descended from the single

maternal founder, and that the population WOlvCS tO aSSeSS
was thus highly inbred (Wayne et al. 1991;

Lehman et al. 1991; Peterson et al. 1998). As

such, we now recognize that the wolves of

Isle Royale provide an unprecedented oppor-

tunity to determine the significance of genet-

ic losses for long-term viability in small, iso-

lated populations, one of the major tenets of

conservation biology.

Wolf handling continued throughout the 1990s (figures

1, previous page, and 2). The population remained low

until a significant upturn started in 1994, and by 1999 the

population was near the long-term average since the study

had begun (25 animals). Handling continued primarily to

assess the health of the population and to obtain genetic

information from individual wolves.

A peer-reviewed

proposal in

1988 recom-

mended the

need to handle

the persistent

population

decline and high

mortality rate.

Values associated with the wolf research program

The National Park Service recognizes several positive

outcomes of the long-term wolf research program. Park

management has made several substantive decisions based

on the research findings and needs, including (1) a com-

plete park closure to visitor use from November 1 to April

14 each year, largely to facilitate the research program

and prevent harassment of the wildlife through winter

recreational activity; (2) probition of overnight camping

in approximately 50% of the park to protect wolf denning

sites and to keep visitors from com-

ing into close contact with wolf

pups, thus preventing habituation

to humans; and (3) a prohibition of

mammalian pets on the island to

reduce the potential for disease

introductions.

Other recognized values of the

. research program have included the

. wide dissemination of natural histo-

ry information on the wolf and

moose populations of the park, particularly

as it has described these populations in an

environment free of human harassment and

interference. An adoring global public now

awaits the annual updates of these popula-

tions.

Finally, 30 years of population data pro-

vided a compelling argument that significant

change had occurred, and when wolf num-

bers dropped so low in the late 1980s more

intensive investigation was warranted. This

database enabled park management and the

research community to assess the need for

intensive handling of the wolf population.

Wilderness values in the park

The remote location and difficulty in accessing the

island has protected Isle Royale from excessive develop-

ment and recreational use. Many of the recognized values

of wilderness—opportunities for solitude, unconfined

recreation, a landscape largely devoid of the human

imprint—are found at Isle Royale. Recreational activities

commonly associated with wilderness, including back-

packing, kayaking, and canoeing, represent the largest

user groups of the park.

Isle Royale represents a wilderness landscape unique in

North America. It is a landscape with no adjacent terres-

trial land boundaries (figure 3) and thus avoids the con-

flicts of neighboring land management practices, political

Figure 2. Biologists draw blood from a female wolf before outfitting her

with a radio collar and returning her to the wild. From 12 years of handling

like this biologists have learned that the wolves of Isle Royale are descend-

ed from the same founding female and are highly inbred.

PHOTOS THIS PAGE BY ROLF 0. PETERSON



considerations, or the immigration/emigration of wildlife,

which often heightens the need for management of the

wildlife resources. This isolation is a critically important

distinction for this park and its wildlife populations. It

allows a hands-off approach to wildlife management to be

employed, wherein manipulation or intervention—even to

the point of strictly nonintrusive research and observa-

tion—are minimized to the greatest extent possible, and

justified because of a concern for wilderness values. It also

allows for consideration of keeping wildlife populations

completely untouched by humans,

as a baseline of wilderness wildlife

management at one end of the

wildlife management spectrum.

Could the

wolf research

monitoring

approach?

Assessing the issue

With the wolf population resur-

gence on Isle Royale has come the

need to ask if we need to continue

to handle wolves. For 30 years the

park obtained the necessary

research information it needed without han

dling wolves; given wilderness concerns and program
concerns for the health of those wolves that t-nt-n ir\ <~i

,. , i j i i
return 10 a

are live-trapped, could the research program

return to a hands-off monitoring approach? nandS~OlJ
Or does the research information now being

collected as a result of wolf handling, particu-

larly genetics information, outweigh the live-

trapping risks and potential conflicts with

wilderness values?

To resolve this dilemma, the park and principal inves-

tigator agreed to convene an independent scientific panel

to assess the issue and recommend a course of action to

the National Park Service. This panel could provide an

objective and scientifically valid opinion on the merits of

continued handling. The scientific review followed the

suggestions outlined by Meffe and others (1998). The

panel convened in April 1999, and consisted of three

experts (two from the USGS Biological Resources

Division, one from the Aldo Leopold Wilderness

Research Institute), with participation from NPS employ-

ees and the project's principal investigator, Dr. Rolf

Peterson. Panel members were selected based on expert-

ise in wolf research and wildlife management and famil-

iarity with wilderness and wildlife management in the

national park system.

The expert review panel was asked to review pertinent

information on the Isle Royale wolf population and the

wilderness values associated with the park and provide a

recommendation to park management on the following

issues:

Ms

"Given the past and current wolf population status in

the park, anticipated future research needs, and the

wilderness designation of the park, is it necessary to con-

tinue to livetrap and handle wolves on the Island? Or can

the research and monitoring program return to a non-

handling monitoring approach? Have we answered the

important questions through the handling of wolves over

the past 10 years?"

Results and summary
The panel reviewed the relevant

issue information and identified the

advantages of handling and not han-

dling wolves as a means to deter-

mine a recommendation. That infor-

mation, with a recommendation,

was submitted to park management

in a summary report (Oelfke 1999).

Although there are numerous

advantages of handling wolves in

terms of the quality and quantity of

information that can be obtained, the most

important advantage identified was that han-

dling permitted the ongoing assessment of

genetic change within a small population.

This assessment is considered to have broad

regional or global application and significance

for isolated populations. The key advantage

to not handling wolves, aside from the obvi-

ous removal of possible trapping injury or

mortality to the wolves, was the value of minimizing

human influence on the population. The return to a pol-

icy of not handling wolves would maintain the park as a

baseline of wilderness wildlife management.

Five possible strategies were considered by the expert

panel for wolf handling in the park, ranging from no han-

dling to increasing the amount of handling to enhance the

research program. As discussion of the strategies contin-

ued a consensus was reached that the value of tracking

the loss of genetic diversity of this population warranted

the continued handling of the population; it then became

a matter of selecting a strategy that best addressed the

wilderness concerns and research information needs.

Figure 3 (above). With no adjacent terrestrial neighbor. Isle Royale

National Park requires management that considers its pronounced

wilderness value, including the appropriateness of handling wildlife for

research purposes. In the near future, genetics information from

wolves may be obtained from their droppings, potentially making fur-

ther handling of the species unnecessary, photo by rolf o. peterson
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Recommendation
The expert panel recommended:

1. Continue handling wolves for the next five years

(2000-2004). Up to four wolves per year should be

handled, not to exceed two collared wolves per pack,

and no more than 12 wolves total over the five-year

period (this is close to the capture rate from

1988-93, but allows more flexibility each year).

These numbers reflect the desire to maximize han-

dling opportunities during live-trapping efforts, given

the logistical difficulties of trapping operations in the

park, while still handling only the minimum number

of animals necessary for information purposes.

2. Over the five years, aggressively look for data gath-

ering techniques that would not require handling, by

challenging the National Park Service and the scien-

tific community to develop and study these new tech-

niques.

3. If, within the five years, new techniques are found for

acquiring genetic data without handling the wolves

(e.g., such as scat and hair analyses), convene a panel

to evaluate whether disease and population counting

benefits are worth the continued handling of wolves.

4. If no new techniques are found within the five years,

convene a panel to reevaluate the handling issue.

5. If a sudden population crash occurs, explore different

strategies that may be needed to respond to the situ-

ation.

The park's response

The use of an expert review panel provided the two

parties closest to the issue—the Park Service and the

principal investigator—an opportunity to step away

from the debate and obtain guidance relevant to the

issue. Although, ultimately, the final decision on

whether to continue wolf-handling practices rests with

park management, the independent scientific review pro-

vided an unbiased recommendation for consideration.

Park management has largely adopted the panel's rec-

ommendations, with the exception of being unwilling to

permit the live-capture of more than two wolves per

year, reflecting a very conservative attitude intended to

minimize possible injury to individual animals (Barnard

1999). The key information needs critical to the research

program will remain obtainable.

The park is also aggressively seeking funding for

research that will test whether wolf hair and fecal mate-

rial can be used for tracking the genetic information

needs of this population. Recent projects involving simi-

lar techniques for grizzly bears and lynx hold promise

that these techniques may apply to wolves, ultimately

diminishing the need to handle wolves.

For the near term at least, wolf handling will remain

an important element of the wolf research program.

Meanwhile, the challenge of balancing the wilderness

values of a wild wolf population at Isle Royale with the

agency and research needs will continue to provide a fas-

cinating case history for review. [^
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A CONVERSATION WITH
Point Reyes Superintendent Don Neubacher

By the editor

Popular with staff, passionate about natural resource management, and savvy about science, Don

Neubacher is a park superintendent for the century. With an undergraduate degree in environmental

planning and management, he set out on a National Park Service career that took him initially to Glacier

Bay National Park, Alaska—then a national monument—then to Point Reyes National Seashore,

California, as a seasonal employee. Following his pursuit of a Master's degree in

resource management and a teaching stint at Humboldt State University, Neubacher

became the Chief of Visitor Services at Point Reyes. Later, his planning skills were put

to the test during a four-year assignment with the Denver Service Center working on

the general management plan for the Presidio. After serving as Deputy Manager of

the Presidio, he became the Superintendent of Point Reyes in 1995. Regional Director

John Reynolds describes him as a "leader in everything that has do with resource man-

agement and science in parks." Winner of the 1998 regional superintendent of the year award, Don is

co-chair of the Natural Resource Challenge implementation committee. The affable superintendent sat

down with the editor recently for a conversation about the use of science in park management, the

Natural Resource Challenge, and the future of resource preservation at Point Reyes.

Q. In his book Preserving Nature, Richard Sellars detailed

an appalling historical lack of park management based on

science and ecological awareness within the National Park

Service. Are we making any progress?

A. I honestly believe a change is occurring. A lot of the

newer superintendents are coming from a broader selec-

tion pool. I and a couple others in the Pacific West Region

come from a resource management background, and that

is somewhat atypical. I think more and more of this is

occurring, and it brings a different perspective. Over

time—if we continue this—we can start managing a little

bit differently.

Q. How?
A. Our decision making is a lot more complex than

before. More people are knowledgeable about park

resources and park values, so that you have to make deci-

sions these days that are based on science or some back-

ground that gives you a footing to make decisions cor-

rectly. In the past we made decisions primarily towards

visitor services, tourism, and on the politics of the

moment. I think we're heading towards ecosystem man-
agement decisions based on science. The complexity of

our society today dictates that. But the second thing is that

the Park Service has evolved. Before, most of our money
went into visitor services and maintenance, activities that

really weren't perpetuating the natural integrity of Point

Reyes. Now, because we have a professional resource pro-

gram, many superintendents talk about ecosystem man-
agement, ecological principles, and making sure the

ecosystem is intact over time. That's changing now,
although it's not easy to accomplish internally.

Q. Give me an example of scientifically informed resource

management at Point Reyes.

A. We just restored native Tule elk to the park's wilder-

ness area. When we started the process we were blown out

of the water at our first public meeting—I mean, there was

very little support. The community wanted us to back up

and get good information. So we collected three years of

data, and when we came forward with a new plan based

on good science, good population dynamics, and good

information, we quickly went through the public process.

The elk are restored to a wilderness area now and with a

lot of public support. There is a major difference if you

have good information that can actually back up what

you're trying to accomplish.

Q. What specific information was helpful?

A. The public wanted information on population dynam-

ics, disease, and future population control, if necessary.

Our experts overcame some of the concern about elk mov-

ing out of the park by sharing their research on elk home
ranges, which showed that the animals were fairly seden-

tary. So far, so good. They're staying where we thought

they would. We spent about $300,000 trying to get the

information so that we could overcome those obstacles.

Q. Point Reyes is a good example of a park that exists in

a complex landscape of multiple jurisdictions, in-holdings,

infrastructure, and bordering communities. How do you

grapple with that?

A. Clearly, management of Point Reyes cannot be done in

isolation. We have two national marine sanctuaries off-

shore, the State Department of Fish and Game, the Marin
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Open Space District, and the water districts; we're even

adjacent to Golden Gate National Recreation Area.

Altogether, we manage about 90,000 acres in Marin

County, which is a fairly progressive and very environ-

mentally aware community. The problem with Marin,

however, is that it's adjacent to the San Francisco Bay

Area, which has 7,000,000 people and is projected to

grow to 9,000,000 by 2030.

Q. What are the implications for Point Reyes?

A. When you look at this regional system, you see major

problems ahead. Currently, a big corridor called Highway
101 is being developed all the way up to Santa Rosa. If

you look 30 or 40 years down the road you see that we
are getting cut off, that there's severe habitat fragmenta-

tion. There is not good statewide planning in California or

even good county planning. I think in the future, having

good science is the only way we're going to be able to

move forward in a systematic and strategic way to save

the park's integrity over time.

Q. In October 1995, you had a serious fire in the park.

What was the park's experience with this?

A. The Vision fire occurred up on Inverness Ridge by

Mount Vision. For us, it was a massive fire, about 13,000

acres. It started just outside the park by an illegal camp-

fire on state parkland. Because of the urban interface with

this park, the damage to adjacent housing in the wildland-

urban interface was really phenomenal—$50,000,000

worth of damage. The interesting part about the fire is

that while it was a human disaster, there was very little

damage to the natural system. For example, we have a

Bishop pine forest, which is a fire-prone pine. The fire

removed a lot of the adults that were about 30 or 40

years old, but now they're replenishing. In my mind, the

fire helped make the system healthy, and that's pretty

much what the science has shown us. We have been com-

pleting extensive research since the fire occurred.

Q. Were there any negative resource impacts?

A. A subspecies of beaver called the Point Reyes mountain

beaver is experiencing a very slow recovery time. That's

about the only thing that still lingers as a negative event.

As a matter of fact, nesting success among birds was high-

er. Monitoring after the fire has shown that most natural

systems, even some of the endangered plant species, have

responded positively to the fire.

Q. Didn't the fire suppression effort cause concern for the

welfare of certain resources?

A. Yeah. We had bulldozer lines and some watershed issues

that needed attention. We brought in the Burned Area

Emergency Rehab Team to respond to the work that the

firefighters had done. We got funding over a two- or three-

year period to do the rehab. They also helped us work with

the public. Because they were so professional, so good, and

knew exactly what they were doing, the team helped build

confidence in the community about the National Park

Service's ability to respond to fire and rehab after fire.

Q. How did that event affect fire management in the park

generally?

A. It focused the attention of the public on the potential

good of fire in terms of hazardous fuel reduction. And it

also made them realize that you can survive a fire, too.

Today that has really paid off because we are updating

our fire management plan. We burn maybe 500 to 1,000

acres per year. Before the Vision fire, I don't think we
would have gotten any public support for prescribed fire.

Now we get tremendous public support. And we learned

a tremendous amount, too, in terms of regeneration.

Q. Your elephant seal population is increasing. Why is

this a concern?

A. Elephant seals are a great conservation success story.

They were driven to the brink of extinction and were

restricted to one island off Mexico. Over time, they've

recolonized the California coast. We got our first pup, I

believe, in 1980. We now have a population that's grow-

ing and is currently between 1,500 and 2,000. They haul

out during the wintertime, pup their young, and molt. We
have tremendous habitat for them, dunes and open beach,

and a productive system offshore. So there are good food

sources nearby. We're not sure, but the population could

grow to 10,000 seals. We have two sites that they use a

lot—the headlands of Point Reyes and Drakes Beach—but

they're starting to colonize Point Reyes Beach. And the

question is: How willing is the public to give up their

beaches to elephant seals?

Q. Has it gotten to that point yet?

A. No, but it's just around the corner.

Q. How are you preparing for the inevitable confrontation?

A. We're trying to build support through our educational

outreach and elephant seal docent programs, but there are

definitely some management problems ahead. It takes

time to grow public acceptance that elephant seals deserve

to have this beach. Dr. Sarah Allen, the park's Science Advisor,

has done a phenomenal job of collecting information on the

elephant seal populations, monitoring them, and observing

their population dynamics. We can share this information

with the public and build a constituency for the seals over

time, till people are willing to give up a beach space.

Q. Your resource management staff has grown during

your tenure. Is it adequate now?
A. When I came on board, there wasn't a Division of

Resource Management; it was a component of the Ranger

Division. There were only two full-time resource man-

agers and maybe a seasonal. Since then we've gone up to

almost 20 FTEs [or full-time equivalents] and they're

doing superb work. We've created a Resource

Management Division and a Division of Science and

Research. We've hired a wildlife biologist and a plant

ecologist. We have active vegetation management and

habitat restoration programs. Sarah is doing good work

with outside institutions. We probably have, right now,

60-70 research projects being conducted by outside insti-
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tutions. We also have significant cultural resources, so

we've created a Cultural Resource Division. They're just

in the beginning stages. So we're in pretty good shape.

Q. How did you fund the increases?

A. You have to get on the regional priority list, which gets

combined at the Washington level in the budget proposal.

We argued very strongly that Point Reyes had significant

resources. We've got 23 federally listed species in the park

and we needed a professional staff to do the job well.

We've gotten a couple base increases for

the resource program. We also received

some outside private funding and reallo-

cated park funds.

Q. How did you foster interdivisional

support for building up resource man-

agement?

A. After the Vision fire we spent time

going through a strategic planning

process. We set some overall park goals,

vision statements, and everything else. It

probably took us a year to get through

that process. But it brought all of the

divisions around to our primary mis-

sion, which is preservation of these

resources, the nation's heritage, for eter-

nity. Are some staff feeling that the

resource divisions are getting most of

the funds these days? Yeah, for sure.

However, they were the smallest division for so long;

they're just finally catching up. You know, it takes a lot of

work on the superintendent's part to make sure that all

divisions are feeling good about these overall goals and

feel part of the team and get rewards, too, when there is

additional funding.

Q. Do other divisions get involved in resource management?

A. Yes. During the Tule elk project, we had a major effort

with helicopters to capture the elk and relocate them (see

photo this page). We invited the administrative staff to

certain events because they were doing the contracting.

Obviously, law enforcement was very good at keeping

areas closed when we were moving elk. Maintenance

blindfolded the elk and assisted in the processing. It takes

a lot of muscle to lift the animals into the processing area so

we could do the blood testing. So maintenance literally wres-

tled with these elk as we processed them, and they did a

great job. All divisions participated, including me. I was out

there helping to hold down the elk and moving them into the

horse trailer so we could take them to the relocation site.

Q. Was interpretation involved in the elk project?

A. Yeah, they were on site and did great public informa-

tion officer work. We needed a strategic effort to get infor-

mation out to the public. They've done everything from

publications to integrating information into their pro-

grams, displays, and exhibits on site. They've also helped

us build a strategy to inform the public on other critical

resource management issues—elephant seals, wilderness

issues, and coho salmon—and have done a wonderful job.

Q. Describe your relationship with Sarah Allen, your

Science Advisor, and Bill Shook, your Chief of Resource

Management.

A. First, I want to say that we have a superb management
team overall, and Sarah and Bill are core members of that

team. I use the advice of Sarah and Bill almost on a daily

basis, and that's why I don't like the idea of centralizing

this expertise. They need to be on site

near the resources so that superintend-

ents have this expertise available to

them on a daily basis.

Q. Most people believe that, certainly.

A. We've got to have those people

standing next to superintendents to

make sure we at least have good infor-

mation and make the right decision at

the right time. You still have to have

political will to do the right thing, but

overall, if you don't have information,

don't know the options, and are not

doing good compliance, then you're

potentially making some big mistakes

long term.

! Q. Your region has established several

science advisor positions in the past few

years. I think you recognize how technical assistance

needs to be easily accessible.

A. As a superintendent, I don't see how we could live

without individuals like Dave Graber at Sequoia—I mean,

he's phenomenal in terms of his knowledge of the Sierras.

And Gary Davis at Channel Islands is recognized interna-

tionally for his work on marine systems. Sarah is well

known because of her expertise in the Gulf of the

Farallones on bird distribution and elephant seals, and all

the productivity that occurs out there. I'm just hoping that

the Park Service will continue to build a cadre of these

great minds that can give us really good information and

lead the nation in terms of how we should accomplish

research not only in the parks but also in the regional con-

text. Because we need partners and I think this approach

is very complementary to BRD, [the Biological Resources

Division of the U.S. Geological Survey]. We all need to

work together to get the science we need to properly man-

age these important national resources.

Q. Who are some of your primary research partners?

A. We have a BRD field station at Point Reyes and Gary

Fellers is integral to the park management team, too. He's

internationally recognized for his work on amphibians,

including red-legged frogs. Judd Howell at the Western

Ecological Research Center at Sacramento State

University provides us other expertise. We also work with

Stanford and have great connections with the University

of California Bodega Marine Lab and Tiburon Marine

VOLUME 20 . NUMBER . FALL / WINTER 2QOO 21



Lab operated by San Francisco State. Sarah has brought

all this expertise together.

Q. How so?

A. Sarah knows the options and she speaks the right lan-

guage with the universities. She probably has five gradu-

ate students working for her now. This year alone,

because of her expertise in bringing talent to the area, we
have probably leveraged a half-million dollars of research

that we're not even paying for. We just give them access to

the resource and assistance to get the work done. Having

Sarah to get these people in and do good research has

been phenomenal in terms of getting stuff done.

Q. It sounds like you're describing a function of the learn-

ing center network, which is in development across the

country. Tell us about that.

A. There are two major concepts behind the learning cen-

ter. One is that you get researchers on site and give them

the essentials: a laboratory, a classroom, office space, and

access to your park information. You facilitate their work
with great benefit to the park. We probably have a back-

log of $20,000,000 worth of research and resource man-

agement needs. If we can get them in, help them do the

research, and leverage a half-million dollars a year or

whatever, we're starting to lower that backlog. The sec-

ond concept is that students or our staff would work side

by side with researchers and there would be a learning

component. You would get these school kids hooked and,

over time, build the next generation of scientists. There

are five prototype learning centers now: Point Reyes,

Cape Cod, Great Smoky Mountains, Rocky Mountain,

and Kenai Fjords in southern Alaska. We're hoping to

have money to add five to ten per year over the course of

the Natural Resource Challenge, which goes to 2005. If

we get 32 centers across the country funded and working

together it's a great vision for moving natural resource

stewardship forward.

Q. Does it involve housing?

A. Yeah. One of the biggest problems we have in Marin

County is that housing is way too expensive. If you want

a grad student that's just barely surviving to do research

in your park, you've got to provide housing.

Q. When will your facility be ready?

A. We're taking a former historic complex and rehabili-

tating the buildings; you know, wiring them for GIS and

Internet access, creating office space and a comfortable

living situation. Over the last three years, we have had to

upgrade the sewage treatment facilities. We still need

about $80,000 to finish up the classroom. But we've got

public and private support. We're pretty close. We hope to

inaugurate it in fiscal year 2001.

Q. Your park is one of 13 units in the Golden Gate

Biosphere Reserve. What significance does this designa-

tion hold for your operation?

A. All of us know that parks will never survive as islands,

that our resources are integrated into regional ecosystems

and, for air and water, broader systems. The biosphere

reserve designation gives us a higher status international-

ly and it encourages us to work cooperatively with the

other entities that are part of the biosphere. We meet on a

regular basis and look at joint programs like controlling

exotic species or coho salmon restoration. We're also try-

ing to look at the offshore systems. California right now
has major problems with overfishing and degradation of

coastal and offshore resources in general. So, we're trying

to work with the Gulf of the Farallones National Marine

Sanctuary, which is part of the biosphere, too. The bios-

phere helps us focus on a larger context and create part-

nerships; it's really good for that purpose.

Q. What does the restoration of coho entail?

A. A number of streams drain into Tomales Bay and we've

got a major effort going to restore them. We had a lot

more fish at one time, but this land was all ranched heav-

ily. There are a lot of dams and stock ponds that we hope

will all be removed. Our system is still pretty intact even

though there are dams outside the park that won't ever

allow the populations to get back to historical numbers.

Q. You're a central figure in the implementation of the

Natural Resource Challenge. How's this going?

A. It's interesting that this coincided with the millennium.

We started the Challenge in 2000 and it goes to 2005. The

real test was whether we could actually generate some

funding, and we got approximately $15 million to launch

the Challenge in fiscal year 2000. In FY 2001, we had

about $18 'A million in the President's budget and received

about $16 million in funding. The Department has been

very supportive and Deny Galvin, Mike Soukup, Bruce

Sheaffer, Abby Miller, the Director, and others have done

a great job of getting broad-based support. But we could

lose it at any moment if we don't keep the momentum
heading in the right direction. We have to make sure that

we're accountable for the money being spent well. I'm

very optimistic. I think that $100 million in funding and

new staff could actually change the culture of the Park

Service toward more resource stewardship.

Q. What do you hope to accomplish regarding resource

preservation while at Point Reyes?

A. I'm fully committed to ensuring that the Natural

Resource Challenge is implemented. I think it's ours to

lose, and we need to make sure that across the nation

there is continued support for this initiative. I really want

to accomplish that. The other thing I'd like to do is ensure

that parks have the right staffs to make the right decisions.

Often superintendents get so focused on their own area

they forget it's okay if somebody else gets money. I'm hop-

ing that five or ten years from now we can say that we sys-

tematically enabled these parks to become environmental

leaders. HE)
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Conducted at Mesa Verde (shown here), Yellowstone, and Arches National Parks,

the study helped park managers understand and apply a broadly applicable, yet

focused, decision-making process that identifies and remedies unacceptable impacts

to resource conditions and visitor experiences in parks. The field tests at these

parks allowed researchers to understand the challenges managers face and the

skills they employ during problem solving, photos by jeff selleck

By

Theresa L. Wang,
Dorothy H. Anderson, and
David W. Lime

Introduction

The National Park Service has a mandate

to protect natural and cultural resources

while providing quality visitor experiences.

This has never been an easy task, yet today

the task is made more challenging because

of increasing visitation, deferred mainte-

nance, shrinking budgets, cumulative

resource impacts, and expanded public par-

ticipation. Managers frequently deal with

such problems as trail deterioration, litter,

wildlife displacement or habitat loss, unac-

ceptable levels of crowding at attraction

sites, and noncompliant visitor behavior.

When managers face such visitor use prob-

lems, they are often uncertain about what

decision-making process to use to address

these impacts, or even what their problem-

solving options are.

An important goal of technological inno-

vation in the field of recreation resource

management has been to help managers

preserve the ecological and cultural integri-

ty of recreation settings while providing the

recreation opportunities that visitors desire.

Important recreation resource management

innovations developed thus far include:

• The Recreation Opportunity Spectrum

Planning System (ROS) (Brown et al.

1978; Driver and Brown 1978; Clark and

Stankey 1979)

• The Limits of Acceptable Change System

for Wilderness Planning (LAC) (Stankey

etal. 1985)

• Managing Wilderness Recreation Use:

Common problems and potential solu-

tions (A problem-solving handbook)

(Cole et al. 1987)

• Visitor Impact Management Planning

Framework (VIM) (Graefe et al. 1990)

• Benefits-based Management (BBM)

(Driver 1994)

• Visitor Experience and Resource

Protection Planning Process (VERP)

(Hof etal. 1994)

,^rx
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For the most part, these innovations represent compre-

hensive planning and management frameworks. Taken

together, they suggest a generalized planning process that

includes articulating acceptable resource and experiential

conditions, establishing management zones, selecting indica-

tors and standards, monitoring resource and experiential

conditions, identifying discrepancies between actual and

acceptable conditions, and, finally, taking steps to bring

actual conditions in line with what is acceptable. This

"final" stage in the planning process is the one in which

managers devise action plans to address specific impacts to

resource conditions and visitor experiences. It is also the

stage at which decision making often flounders. Thus, man-

agers need a decision process that:

• Assists in specifying the scope, severity,

and cause of the problem

• Facilitates the identification of a range of possible

solutions

• Encourages an in-depth assessment of alternatives

• Strengthens the political credibility of the

decision process

• Provides a resource for resolving conflicts

between stakeholder groups

• Enables managers to fulfill the NPS mandate of use

and preservation

The purpose of this study was to develop a decision

process to address unacceptable impacts to resource con-

ditions and visitor experiences in recreation areas.

Developing a decision process by managers for

managers
The study incorporated a qualitative approach that

engaged manager-participants in a series of hands-on,

group decision-making sessions. The qualitative approach

allowed participants to actively contribute to the develop-

ment of the decision process and enabled researchers to

deal with problem-solving obstacles as they emerged.

Since there is no one "right" way to design a decision-

making process, researchers attempted to identify and

implement those features that managers agreed upon with

regard to process content and flow. A modified focus

group or nominal group process and participant observa-

tion were employed as the principal data collection meth-

ods. Decision-making sessions were also tape-recorded.

Thirty-two people participated in the study. Participants

were divided into three groups and group size ranged

from 10-12 people. Field tests were conducted at Arches,

Yellowstone, and Mesa Verde National Parks from

January through April, 1997. Each field test lasted 2-3

days. Participants were drawn from Arches, Canyonlands,

Grand Tetons, Mesa Verde, Theodore Roosevelt, and

Yellowstone National Parks; the Bureau of Land

Management's Moab District in Utah and Farmington

District in New Mexico; and a local "Friends" group.

Participants met together regularly to discuss and make

park management decisions. Participants also worked in

an area for which several unacceptable impacts to

resources and visitor experiences had been identified.

Further, participants were able to articulate acceptable

conditions, or indicators and standards, for the unaccept-

able impacts they had identified.

During the field tests, managers engaged in a decision

process with real-life implications and were encouraged to

follow whatever decision-making steps and strategies

made sense to them. Three decision-making worksheets

and a decision-making handbook were available as prob-

lem-solving resources. However, managers were free to

use the supporting materials at their own discretion. A
half-hour debriefing session immediately followed each

decision-making session. The debriefing session was nec-

essary to elicit manager perceptions about the decision

process. During the debriefing sessions, managers fre-

quently identified the decision-making obstacles they had

encountered and suggested how to restructure the deci-

sion process and supporting materials to eliminate these

pitfalls.

Developing the decision process

The field tests allowed researchers to understand the

challenges managers face and the skills they employ dur-

ing problem solving. The field-testing process identified

five steps that are essential to solving visitor use problems.

This five-step process, together with a companion hand-

book and worksheets, comprises a decision process to

maintain the quality of park resources and visitor experi-

ences. The five decision-making steps are outlined in table

1. The steps include: problem awareness, problem specifi-

cation, strategy and tactic selection, plan implementation,

and monitoring. Although these steps were perceived to

be critical to overall success, managers still struggled with

the best way to accomplish each task. Of the five problem-

solving steps, two steps received the most attention during

the field tests: problem specification and strategy and tac-



tic selection. Many improvements

were made to the decision process and

supporting resources to guide man-

agers through these two critical steps.

Table 1.

Steps in the decision process to maintain the

quality of park resources and visitor experiences

Step 1 Problem Awareness

Step 2 Problem Specification

Step 3 Strategy and Tactic Selection

Step 4 Plan Implementation

Step 5 Monitoring

Problem specification

During problem specification, man-

agers focused on an area for which

they had identified one or more prob-

lems and specified acceptable resource

and experiential conditions for that

area. Then they determined whether

there was a discrepancy between exist-

ing and acceptable conditions.

Specifying acceptable conditions is

equivalent to identifying the "line"

that resource conditions and visitor

experiences cannot cross. For exam-

ple, managers may specify that during

peak hours 80% of the visitors should

encounter no more than 10 people

(singly or in groups) on a specific

quarter-mile stretch of trail. If more than 10 people are

encountered more than 20% of the time along that stretch

of trail during peak hours, then conditions are not within

acceptable limits and managers must take action.

At Arches, managers had previously completed the

VERP planning process (see Park Science 14{ 1 ): 1 1—13

and 15(3):9,13). Therefore, during problem specification

they referred to previously defined indicators and stan-

dards of acceptable conditions. For example, in attempt-

ing to address the problem of overcrowding at the Devil's

Garden parking area, the following discussion ensued

(Arches, researcher field notes, p. 4):

Participant E: [What is the] associated indicator and

standard?

Participant D: 150 cars is the [estimated] acceptable

limit.... The social standard is 20 per

sons at one time (PAOT) on a section of

trail to Landscape Arch and 10 PAOT
to Double "O" [Arch]. Beyond Double

"O" it's 5 parties/hour.

Participant A: How many parking spaces [are presently

available]?

Participant D: 35 marked spots.

Participant E: A parking lot with 150 slots is desirable.

Participant D: Currently on busy weekends we have

235-250 cars parked there. We want to

be in standard 90% of the time, but

[we are] only in standard 76% of the

time.

Recognize that unacceptable impacts

exist and must be addressed

Identify impact

Describe acceptable impact levels

Describe existing impact levels

Determine if existing impact is unacceptable

Identify root cause of impact

Select appropriate strategy

Identify potential tactics

Evaluate and select appropriate tactics

Develop implementation plan for selected

management tactics

Identify specific management actions

Identify person responsible for carrying out

management actions

Implement actions

Monitor Effectiveness of actions

If problem arises, return to problem

specification stage

Managers at Arches had a good understanding of the

conditions they were trying to achieve at various areas

within the park. Their extensive use of VERP standards

suggests that having gone through the VERP process

helped them in identifying acceptable conditions and

determining whether existing conditions were within

acceptable limits.

At Yellowstone and Mesa Verde, managers determined

acceptable conditions based primarily on manager per-

ceptions. Although managers at Yellowstone had previ-

ously completed a VERP planning process to address win-

ter use in the park, the problems they addressed during the

field test fell outside the scope of earlier planning efforts.

This approach lacked the rigor of specifying indicators

and standards, but it drew upon considerable manager

experience with an area over time. A lack of visitor and

resource data hindered decision making, but the decision

process helped to pinpoint the specific information man-

agers needed. In fact, one manager at Yellowstone com-

mented, "This process will trigger monitoring."

In general, managers felt that the problem specification

portion of the process was helpful in their decision mak-

ing. Although managers recognized the value of defining

the problem, they tended to struggle with problem speci-

fication. In some cases managers glossed over this portion

of the process in their haste to engage in brainstorming

and tactic selection. At other times they defined the prob-

lem too broadly, failed to clearly specify the timing or

location of the problem, or neglected to conduct an in-

depth analysis of all the possible causes of the problem.

One of the researchers analyzed why managers struggle

with problem specification: "Once people start asking
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'why,' the 'problem' begins to change. This is probably

good, but maybe this 'backing up' ought to be recorded if

for no other reason than to keep track of the path they fol-

lowed to move from problem Z to problem A" (Mesa

Verde, researcher field notes, p. 2).

Field test results suggest that problem specification is

more complicated than it appears, and that what actually

constitutes the "problem" may be a moving target—with

definitions changing as the analysis proceeds. Based upon

field test results, the decision process and supporting

materials were modified to ensure that managers do not

jump ahead to considering solutions before they have

articulated the scope, severity, and cause of the specific

problem they are addressing.

Strategy and Tactic Selection

The brainstorming portion of the process

requires managers to identify strategies and

tactics that are appropriate to the specific

problem being addressed. Managers felt the

decision process and supporting materials

helped them to generate a range of possible

solutions and think "outside of the box."

Field test results revealed a number of fac-

tors that either facilitate or inhibit brain-

storming. Managers found brainstorming

to be more effective when they jumped

around, discussing tactics in a free-flowing

manner. When managers considered tactics

methodically, as if going through a lengthy

checklist from top to bottom, the process

felt overly tedious. During brainstorming,

discussions frequently incorporated dialogue about specif-

ic management actions that could be developed for a tac-

tic and the advantages and disadvantages of a potential

tactic. One researcher felt such discussion "was generally

good and may enhance products" in the next stage of the

process. Facilitators play an important role during brain-

storming by ensuring that some tactics are not discussed

in too great of depth while other tactics are ignored.

Field test results also revealed an interesting brain-

storming dilemma. To avoid getting bogged down, the

process requires managers to focus on a specific problem

at a specific location. However, this site-specific focus can

inhibit brainstorming by limiting the consideration of tac-

tics that would be most effective if conducted on a park-

wide basis. Consider the following interaction between

managers at Arches (Arches, researcher field notes, p.

10-11):

The decision process

. . . [was] modified to

ensure that managers

do not jump ahead to

considering solutions

before they have artic-

ulated the scope,

severity, and cause of

the specific problem....

Participant H: [I don't] see visitor education at

Windows [as mandatory]. It must be

park-wide but [I don't] know how it

would be done with the hundreds of

thousands of visitors.

Participant D: [We could] revisit queuing [and] reserva-

tions because indirectly [these approaches]

would [address the problem] at Windows

if we did [employ them] park-wide.

Participant C: Interesting comment. We should [record]

that reservations, queuing, and visitor

education are "maybe's;" they're "yes's"

if done park-wide.

If managers had ruled out visitor education, queuing,

and reservations as potential tactics simply because it

seemed like too much work for a single loca-

tion, and if managers failed to consider

park-wide options, the potential effective-

ness of these tactics at addressing site-specif-

ic problems might have gone unnoticed.

Tactic selection requires managers to

assess the relative merits of various tactics.

At Arches, one manager asked, "How do

you answer the question 'Is this the best way

to fix the problem?'" Managers used a wide

variety of criteria to select tactics for imple-

mentation including park purpose, cost to

visitors, manager expertise, legal compli-

ance, off-site impacts, and economic feasi-

bility, just to name a few. Although the deci-

sion process includes supporting materials

to assist managers with tactic evaluation, improving this

part of the decision process is an important direction for

future research. Based on field test results, the decision

process and supporting materials were modified to facili-

tate manager consideration of a variety of strategies and

tactics. Modifications were also made to facilitate docu-

menting the results of discussion and recording the rea-

sons why specific tactics were selected. When managers

consider a wide variety of options and document the rea-

sons behind a chosen course of action, the political credi-

bility of the decision process is strengthened.

Conclusion

This article outlines a decision process to maintain the

quality of park resources and visitor experiences and high-

lights the contributions managers at Arches, Yellowstone,

and Mesa Verde made to the development of the decision

process. Technological innovation in the field of recre-

ation resource management benefits from extensive man-

ager involvement in the development process. By working

closely with managers researchers were able to (1) better

understand the process managers use to solve visitor use
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problems and (2) develop a decision process and support

ing materials that managers find useful and user-friendly

To increase the quality of recreation resource

management decision making, and to ensure

that improvements in decision making can be

replicated across the national park system,

managers need decision-making frameworks,

tools, and processes. This research project

developed a decision process, handbook, and

worksheets to help managers solve visitor use

problems.

The decision process and handbook build

upon previous research by Cole, Petersen, and

Lucas (1987); Cole (1989); and Graefe, Kuss,

and Vaske (1990). This effort's most impor-

tant contribution, however, may be in devel-

oping a process in which managers use work-

sheets to specify their most critical problems and to iden

When managers

consider a wide

variety of options

and document the

reasons behind a

chosen course of

action, the politica

credibility of the

decision process is

strengthened.

tify alternative management tactics to address these prob-

lems. The decision process can be used by managers who
have implemented comprehensive planning

frameworks, such as LAC, VIM, and VERP;

however, it will also improve visitor use prob-

lem solving among managers who have not

implemented these comprehensive planning

processes.

The decision process to maintain the quality

of park resources and visitor experiences, and

the companion handbook and worksheets, are

available from the University of Minnesota,

Cooperative Park Studies Unit (1530 N.

Cleveland Ave., St. Paul, MN 55108) and the

Denver Service Center (c/o Marilyn Hof,

National Park Service, 12795 W. Alameda

Parkway, Lakewood, CO 80225-0287). g)
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LATE JURASSIC (MORRISON FORMATION)
CONTINENTAL TRACE FOSSILS FROM

"SF

H
U

NATIONAL RECREATION AREA, COLORADO

By Anthony R. Fiorillo and Richard L. Harris

Curecanti National Recreation Area encompasses

the eastern portion of the Black Canyon of the

Gunnison and shares a common boundary with the

Black Canyon of the Gunnison National Park in west-

central Colorado. The park contains three dams com-

prising the Wayne N. Aspinall Unit of the Upper

Colorado River Storage Project. The largest reservoir

created by the dams, Blue Mesa Lake, serves as a major

recreational resource for fishermen and boating enthu-

siasts.

Geologically, the park is recognized for having expo-

sures of rocks that date to over 1.7 billion years in age,

making these rocks among the oldest in western North

America. In addition to these well recognized resources,

Curecanti National Recreation Area also contains fossil

resources that have significant scientific and educational

value. The most important of these fossil finds is in the

Upper Jurassic Morrison Formation in the park (fig. 1).

Perhaps most significant of these fossil finds is the dis-

covery of a quarry, which has been discussed elsewhere

(Fiorillo et al. 1996; Fiorillo and May 1996), containing

the remains of at least two dinosaurs. Excavation of this

fossil site continued for three years, and the preparation of

the fossil material continues. Continued survey-

ing of the paleontological potential within this

park has shown that the Morrison Formation is

rich in other fossil resources as well. We briefly SHPCtclCUlsr of
report here the occurrence of various fossil traces r ..

of invertebrates also from the Morrison lllcbc lUbbll

Formation, described in more detail elsewhere trrarpc :arp thp
(Fiorillo 1999), and describe the management,

education, and exhibit uses of these important

newly discovered resources. These additional

sites, along with the previously described

dinosaur quarry, emphasize the point that signif-

icant management issues may include resources

not traditionally recognized within individual

parks (see Park Science 16[4]:14— 15). Further, like the

great diversity in the types of remains found in the fossil

record, there is also diversity in management techniques

that can be employed to document these occurrences.

Finally, park visitors are interested in learning about nat-

ural resources, including park paleontology. In a tele-

phone conversation on 6 November 2000 with the second

author, Gary Machlis, the NPS Visiting Chief Social

Scientist, agreed with this assertion. He noted that there

are many examples from surveys of park visitors conduct-

ed under the Visitor Services Project that show that infor-

mation about park resources, including natural resources,

is an important and highly sought after service provided

by the National Park Service.

Perhaps most

remains of

ancient termite

nests.

BACKGROUND
The Morrison Formation of the western United States

has produced the vast majority of the Jurassic dinosaurs

from North America; hence, most of the paleontological

work on this fossil unit has focused on fossil ver-

tebrates, particularly dinosaurs. This important

fossil unit, composed largely of ancient stream,

floodplain, and lake deposits, is found at the sur-

face or in the subsurface from Montana to New
Mexico and from Oklahoma to Utah. The

youngest part of the Morrison Formation is the

Brushy Basin Member, which is the source of

most of the vertebrate remains from this forma-

tion. Underlying the Brushy Basin Member is the

Salt Wash Member of the Morrison Formation.

The age of this formation has traditionally been

considered to be Late Jurassic. Historically cli-

matic interpretations for Morrison Formation

deposition range from wet to dry, and most specialists

have invoked a strong seasonality during Morrison times.

A new dinosaur locality was discovered in the Morrison

Formation during recent paleontological fieldwork at

Curecanti National Recreation Area and Black Canyon of

the Gunnison National Park (Fiorillo et al. 1996; Fiorillo

and May 1996). Continued survey of these parks has pro-
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vided new insights into the trace fossils within the fluvial,

or stream channel and floodplain, portions of the

Morrison Formation, and the overall Jurassic paleoecosys-

tem within these parks. Trace fossils are typically defined

as fossilized equivalents of the structures produced in

rocks, sediments, and grains by the life processes of organ-

isms, with the study of these features referred to as ichnol-

ogy (Bromley 1996). The most common trace fossils

include burrows and footprints.

LOCAL SETTING
Several types of invertebrate trace fossils have now been

identified in the upper part of the Morrison Formation of

Curecanti National Recreation Area. These trace fossils

record important information regarding the paleohydro-

logic and paleoecologic setting of this fossil unit in this

park. Hundreds of traces occur in fluvial sandstone and

mudstone deposits. The traces include crayfish burrows,

termite nests, homopteran (an insect order that includes

cicadas and aphids) burrows, bee cells, and earthworm

burrows (Fiorillo 1999; Fiorillo and Hasiotis 1996). Also

present are various sizes of rhizoliths, or plant root traces

(Fiorillo and Hasiotis 1996). The invertebrate trace fossils

predominantly occur in sandstones, whereas the plant root

traces can occur in either the mudstones or the sandstones.

Stratigraphically, these fossil traces appear to be confined

to the lower part of the Brushy Basin Member or the upper

part of the Salt Wash Member of the Morrison Formation.

Perhaps most spectacular of these fossil traces are the

remains of ancient termite nests (figs. 2 and 3).

The distribution and shape of these traces are related to

paleoenvironmental conditions such as variations in water

table and soil moisture levels that these burrowing organ-

Figure 1 (clockwise from far left). Exposures of

the fossil-rich Morrison Formation are evident

in this view of the West Elk Arm of Blue Mesa
Lake in Curecanti National Recreation Area.

These shoreline exposures are very low, and
therefore old, in the layering sequence of the

Morrison Formation section.

Figure 2. Placed for scale, the handle of a rock

hammer runs alongside a Jurassic termite nest

from a Morrison Formation exposure in

Curecanti National Recreation Area. Notice the

pattern of chambers in the nest.

Figure 3. Modern Spinifex termite nest from

Western Australia. Notice the similarity in pat-

tern of chambers in this nest compared to the

fossil nest in figure 2.

Figure 4. Impractical to move because of its

size and weight, the recently discovered

Jurassic termite nest was left in situ where
paleontologists coated the fossil (shown in fig-

ure 2) with latex. The resulting "peel" is used

as a mold to cast the fossil in plaster for educa-

tional and scientific needs. The paintbrush at

the bottom provides scale.

isms experienced during the Late Jurassic. For example,

the length of the crayfish burrows delineates the depth of

the water table level. The traces in Curecanti National

Recreation Area with the greatest vertical component are

the termite nests, which occur within the confines of large

fossil root traces. The restriction of this ichnofossil to with-

in a few meters of the Salt Wash/Brushy Basin contact sug-

gests a time of greater aridity during the highly seasonal

climate than in other portions of the Morrison Formation

in the park.

MANAGEMENT ISSUES

The occurrence and distribution of these trace fossils has

scientific importance, as well as public education potential.

These fossils are largely located along the shores of the

Blue Mesa Reservoir in Curecanti National Recreation

Area, in large sandstone blocks that weigh in excess of

1,000 pounds each. Given the logistical difficulty in mov-

ing such large blocks, or alternatively, attempting to utilize

diamond-bladed rock saws to cut the fossils of interest out

of the sandstone, it was deemed most appropriate to fol-

low a third alternative. This third alternative was to pro-

duce latex peels of select fossil features. These peels would

then be used as molds for making plaster casts that can be

used for educational and exhibit needs.

One example of such a process for making a peel of a

termite nest is illustrated in figure 4. This particular termite

nest shown in this figure has been subsequently cast in

plaster, painted, and used as part of a highly successful

exhibit entitled "Six Legs Over Texas: the infestation con-

tinues" at the Dallas Museum of Natural History.

See "Curecanti" in right column on page 35
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AN IMPORTANCE-PERFORMANCE EVALUATION
OF SELECTED PROGRAMS

IN THE
National Center"

for
Recreation

and
Conservation

By Michael A. Schuett, Steven J. Hollenhorst,

Steven A. Whisman, and Robert M.Campellone

In
1998, the National Center for Recreation and

Conservation (NCRC) of the National Park Service,

with West Virginia University, conducted a study to assess

satisfaction of NCRC cooperators, in compliance with the

Government Performance and Results Act (GPRA). The

NCRC surveyed its cooperators in the following pro-

grams: (1) Rivers Trails and Conservation Assistance

(RTCA), (2) National Heritage Areas (NHA), (3) Federal

Lands-to-Parks (FLP), and (4) Wild and Scenic Rivers

(WSR) programs. The RTCA program

helps communities plan greenways, con-

serve rivers, and develop new trails through

voluntary partnerships that emphasize local

ownership and involvement. The NHA pro-

gram advises community leaders in 18

National Heritage Areas on partnership

strategies for conserving cultural and natu-

ral resources. The FLP program helps state

and local agencies acquire, at no cost, sur-

plus federal land and facilities for parks and

recreation. The WSR program is responsi-

ble for the management of four wild and

scenic "partnership" rivers. This program is

responsible ensuring resource protection

and partnership goals are met.

Purpose and study design
The purpose of the study was to assess the level of sat-

isfaction among "cooperators" who had received a "sub-

stantial" level of assistance or services from the four

NCRC programs during the 1998 federal fiscal year.

Survey recipients were "primary contacts" for each proj-

ect and primary cooperator organization that received

assistance or services from the respective NCRC pro-

grams. Each program established criteria unique to their

particular set of services to define substantial levels of

assistance.

An Importance-Performance (I-P) technique was used.

The assistance activities of each NCRC program were seg-

mented into specific elements for which the importance

and satisfaction ratings among served cooperators were

elicited. The basic assumption underlying the I-P tech-

nique is that overall program satisfaction is an aggregate

of the satisfaction level for each program element relative

to its importance. By acquiring meaningful feedback on

the importance and performance of each program ele-

ment, the NCRC could better target its efforts in meeting

long-term performance goals.

Each NCRC program developed a list of ele-

! PIG HGmS OT ments, and given the unique purposes of each

program, it was clear that a different list was

required for each program. While many ele-

ments were applicable to all four program ques-

tionnaires (e.g., assistance with developing a

vision, mission, goals, and action plans), other

items applied specifically to only one or two

programs. The elements were arrayed in a ques-

tion set for which respondents were asked to

assess in terms of the importance of each to their

project, and their level of satisfaction with the

delivery of each item. A five-point Likert scale

was used to rate the level of importance (1 =

Very Unimportant, 5 = Very Important) and

satisfaction (1 = Very Dissatisfied, 5 = Very

Satisfied).

The I-P approach identifies priorities for each element

of each of the evaluated programs contingent upon the

element's position in a four-quadrant matrix. The "Keep

Up the Good Work" quadrant includes program elements

cooperators rated as highly important to their particular

project, and also rated highly in terms of their satisfaction

with the program's delivery of those elements. The

"Concentrate Here" quadrant contains elements of high

importance to cooperators but on which the program's

performance was low. Program elements of low impor-

tance to cooperators but were well delivered fall into the

"Possible Overkill" quadrant. Finally, the "Low Priority"

quadrant contains items that were of low importance but

highest

importance

among RTCA
cooperators

received the

highest

satisfaction

scores.
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for which cooperator satisfaction levels were compara-

tively low.

The study represents a census survey of all program

cooperators, thus a questionnaire was mailed to each.

Databases were obtained from each program group that

included the names, mailing addresses, and various types

of program information. The program populations

included 162 RTCA cooperators, 11 NHA cooperators, 4

WSR cooperators, and 87 FLP cooperators. Population

sizes, responses, and actual response rates for each pro-

gram are shown in table 1. The first mailing was sent in

November of 1998. In order to attain the target response

rate, follow-up reminders and a second mailing were sent

out on a schedule prescribed by Dillman. The cutoff date

for returned questionnaires was April 15, 1999. Response

rates, which ranged from 80% for FLP to 100% for WSR,
are considered excellent by all estimations and criteria

(Dillman 1978). Table 2 on page 32 lists the assistance

activities of each NCRC program that were evaluated; the

number for each activity corresponds to the numbered

data plotted in figures 1-4.

Table 1.

National Center for Recreation and Conservation GPRA

Survey: Population Size, Responses, and Response Rates.

Program Population Size Responses Response Rate

RTCA 162 143 88%

FLP 87 70 80%

NHA 11 9 82%

WSR 4 4 100%

Findings
Rivers, Trails, and Conservation Assistance

Program
In general, a strong positive relationship (r=0.74) was

observed between importance and satisfaction scores for

RTCA program elements (figure 1). In other words, the

items of highest importance among RTCA cooperators

received the highest satisfaction scores. From a service

delivery perspective, this indicates a visceral understand-

ing among RTCA personnel about which program ele-

ments are most important to cooperators, and thus they

have developed their capacity for excellence in these areas.

Conversely, the program performed least well on elements

of least importance, indicating program efficiency by not

wasting resources on elements unimportant to coopera-

tors.

Generally, elements of highest importance and satisfac-

tion tended to relate to organizational development and

capacity building, while less important and less well deliv-

ered items related to information and evaluation of

resources. Program elements in the Keep Up the Good

Work quadrant of the I-P matrix included: developing a

vision, mission, and goals; ensuring support and involve-

ment from relevant interest groups; assuring support from

the community; facilitating meetings; providing informa-

tion about the experience of other groups; guidance in

developing publications and graphic materials; and fulfill-

ing commitments made to the project.

Three items were rated highly important, but did not

receive high satisfaction ratings. Items in this Concentrate

Here quadrant included: developing the capacity of the

organization; providing information on trail development;

and helping to secure possible funding sources.

Five items relating to provision of information were

rated in the Low Priority or Possible Overkill quadrants.

This suggests that relative to the other program services

offered by RTCA, providing information (items 7, 9, 10,

11, 12) was seen as neither a high priority nor particular-

ly well delivered. It appears that RTCA cooperators may

look to other sources of information while appreciating

the one-on-one assistance RTCA can provide them in

developing the direction and capacity of their organiza-

tions. Other items that fall into these quadrants include

site evaluation (6) and overcoming problems and crises

(16). The fact that only one item—provision of informa-

tion on interpretation and education—fell into the

Possible Overkill quadrant again suggests that the agency

has done a good job at not devoting a disproportionate of

resources on low priority items.

Federal Lands-to-Parks

A moderately strong positive correlation (r=0.57) was

found between importance and satisfaction scores for FLP

services (figure 2, page 33). While the program is doing a

Figure 1. Rivers, Trails, and Conservation Assistance Program

4.00 4.25

Satisfaction
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Table 2.

Importance-Performance Quadrants for Four Programs in the National Center for Recreation and Conservation

Rivers, Trails, and
Conservation Assistance

Federal Lands-

to-Parks

National Heritage

Areas
Wild and Scenic

Rivers

4 Assistance with facilitation of meet-

ings

1 Assistance with developing a vision,

mission, goals, or action plan

17 Fulfilling the commitments made to

the project in a timely manner

13 Providing information about the per-

spectives and experiences of other

organizations with similar projects

14 Guidance on developing publications

and graphic materials

2 Ensuring support and involvement

from relevant interest groups, offi-

cials, and organizations

3 Assuring support from the community

1 Assistance with understanding the

procedures, requirements, and gener-

al process of the FLP Program

20 Availability and extent of involve-

ment by FLP staff

6 Communicating stewardship require-

ments, processes, or issues

5 Providing information on points of

contact and other related agency

programs

18 Overcoming unexpected problems,

obstacles, or crises

14 Assistance in developing or review-

ing third-party operating or use

agreements

10 Assistance in preparing FLP applica-

tion materials

16 Assistance in promoting and sup-

porting your proposal with other

agencies or organizations

6 Administering federal funds made
available to your NHA

10 Fulfilling NPS commitments made
to the project in a timely manner

1 Providing technical information

about heritage area development

5 Involving other organizations and

agencies that can assist your NHA

3 Helping your organization develop

annual and long-range work plans

16 Overcoming unexpected problems,

obstacles, or crises

14 Guidance on developing publications

and graphic materials

1

5

Identifying, suggesting, or helping to

secure other possible funding sources

1

7

Fulfilling the commitments made to

the project in a timely manner

8 Providing information on trail devel-

opment

5 Assistance with developing the ca-

pacity of your organization to under-

take the project

15 Identifying, suggesting, or helping to

secure other possible funding sources

13 Assistance with proposed changes in

land use for acquired properties

19 Fulfilling the commitments made to

the project in a timely manner

3 Identification of and notification

about available property

11 Preparing property deeds and trans-

ferring property

12 Assistance in modifying or enhancing

acquired properties

7 Identifying, suggesting, or helping

to secure possible funding sources

5 Assistance with developing the ca-

pacity of your organization to under-

take the project

6 Identifying or evaluating natural, cul-

tural, historic, and recreational re-

sources that are worthy of protec-

tion, restoration, or interpretation

9 Providing information on river con-

servation

12 Providing information on interpreta-

tion and education

7 Providing information on protection

strategies for natural resources

10 Providing information on open space

protection

11 Providing information on protection

strategies for cultural resources

13 Providing information about the per-

spectives and experiences of other

organizations with similar projects

6 Identifying or evaluating natural, cul-

tural, historic, and recreational re-

sources that are worthy of protec-

tion, restoration, or interpretation

9 Providing information on river con-

servation

16 Overcoming unexpected problems,

obstacles, or crises

10 Providing information on open space

protection

7 Providing information on protection

strategies for natural resources

11 Providing information on protection

strategies for cultural resources

8 Assistance in developing justification

for parks, recreation, or conservation

1 7 Adding credibility to your project with

other agencies or organization

4 Providing information on land acquis-

ition or military base reuse processes

15 Assistance in considering alternative

methods or strategies for achieving

objectives

7 Identifying or evaluating natural, cul-

tural, historic, and recreational re-

sources on the property that are wor-

thy of protection, restoration, or

interpretation

9 Assistance in planning the use of

property for public use

12 Providing information about the

perspectives and experiences of

other organizations with similar

projects

2 Fostering nonfinancial growth and

development of your organization

11 Overcoming unexpected problems,

obstacles, or crises

1 Assistance with developing a vision,

mission, goals, or action plan

3 Assuring support from the community

8 Providing information on trail devel-

opment

12 Providing information on interpreta-

tion and education

2 Assistance with developing a vision,

mission, goals, or action plan

9 Assistance with developing publi-

cations and graphic materials

4 Providing information about other

federal programs that can assist in

NHA protection and development

8 Identifying or evaluating natural,

cultural, historic, and recreational

resources that are worthy of pro-

tection, restoration, or interpreta-

tion

Assistance with facilitation of meet-

ings

Ensuring support and involvement

from relevant interest groups, offi-

cials, and organizations
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Figure 2. Federal Lands to Parks Program
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good job of developing excellence in areas of highest

importance to their cooperators and de-emphasizing items

of low importance, six items fell in either the Concentrate

Here or Possible Overkill categories. This suggests that for

nearly a third of the program elements, the organization is

not dedicating sufficient attention or is supporting the ele-

ment beyond its importance.

In many ways, the FLP findings are in stark contrast to

RTCA, suggesting a far different clientele with different

service priorities. Unlike the results for RTCA, FLP coop-

erators seem most interested in, and were most satisfied

with assistance they received regarding the "nuts and

bolts" of the project. For example, items in the Keep up

the Good Work quadrant included: assistance with under-

standing procedures, requirements, and general processes;

providing information on points of contact and other

related agency programs; communicating stewardship

requirements, processes, and issues; preparation with

application materials; development or reviewing third-

party operating or use agreements; promoting or support-

ing the proposal with other agencies; overcoming unex-

pected problems and crises; and availability and extent of

involvement by FLP staff.

The Concentrate Here quadrant also contained items

related to the specifics of project completion: identifica-

tion of and notification about available property; prepar-

ing property deeds and transferring property; modifying

or enhancing acquired properties; assistance with pro-

posed changes in land use for the properties; and fulfilling

the commitments made to the project in a timely manner.

It appears that FLP cooperators expect the program to be

both an advocate for the property transfer within the fed-

eral government and the source of technical legal help in

accomplishing the transfer.

Also in contrast with RTCA was the finding of Low
Priority for items relating to developing their organization

or building public support for the project: developing jus-

tification for park and recreation uses of the property;

building credibility for the project with other agencies or

organizations; providing information on land acquisition

or military base reuse processes; alternative strategies for

achieving objectives; site evaluation; and planning for

public use of the property.

Lastly, assistance with developing the cooperator orga-

nization's vision, mission and goals were well delivered,

but not viewed as particularly important, and thus fell in

the Possible Overkill quadrant. FLP cooperators may have

a well-defined and focused mission—acquiring a specific

piece of property—and can therefore look to the organi-

zation for direct assistance in making the acquisition hap-

pen.

National Heritage Areas
In general, relatively high importance ratings among

NHA cooperators suggest that the forms of assistance or

services provided by the program were consistent with

cooperators' priorities (figure 3). Even though the NHA
program sustained the lowest mean satisfaction score of

the four programs—2.97 across all program elements

included in the I-P analysis—their overall results were

positive.

Conversely, a moderately strong positive correlation

(r=0.52) was found between importance and satisfaction

ratings, with only four items falling in the Concentrate

Here or Possible Overkill categories. This suggests that

the organization is doing a good job at targeting resources

to the most important program elements, and is not com-

mitting unnecessary resources to items of low importance.

Figure 3. National Heritage Areas Program
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Five of the twelve items fell into the Keep Up the Good
Work quadrant. In contrast to RTCA and FLP, these

items generally relate to managing and sustaining the

projects over the long term, and include: providing tech-

nical information about heritage area development; help-

ing the organization develop annual and long-range plans;

involving other organizations that can be of assistance;

administration of federal funds made available to their

heritage area; and fulfilling commitments made to the

project.

The one item in the Concentrate Here quadrant also

relates to long-term program management: securing other

sources of funding. The average satisfaction score on this

item was 2.0, which was the lowest for any element of all

four programs. Like the other cooperators, these respon-

dents placed a high priority on securing additional fund-

ing sources, and expressed a high level of dissatisfaction

with NHA in this regard.

Three items fell into the Low Priority category: provi-

sion of information about other organizations; fostering

the nonfinancial growth and development of the organi-

zation; and overcoming unexpected problems. Three

items fell into the Possible Overkill category: site evalua-

tion of resources; developing publications; and provision

of information about other federal programs that may
assist their project.

Wild and Scenic Rivers

The rivers used in this study represent four "partnership

rivers" served by the WSR program. These four rivers are

only a small portion of 34 segments and over 2,600 miles

of the Wild and Scenic Rivers System administered by the

National Park Service. Because of the extremely small

population size, the WSR results should be viewed with

caution. Nonetheless, as a complete census of the four pro-

gram participants, the findings are illuminating (figure 4).

A comparatively weak correlation (r=0.27) was

observed between importance and satisfaction scores for

WSR program elements. This finding could be a result

from either low population size or extremely high impor-

tance and satisfaction ratings by WSR cooperators.

Nonetheless, eight of the seventeen items fell in the

Concentrate Here category, suggesting that the organiza-

tion is not committing sufficient attention to these items.

No meaningful connection was observed among the

four items in the Keep up the Good Work quadrant: guid-

ance on developing publications; securing other funding

sources; overcoming unexpected problems; and fulfilling

commitments made to the project.

However, unlike the other three program groups, WSR
cooperators place high importance on resource evaluation

and information, but were relatively less satisfied with

assistance received in these areas. Items falling into this

Concentrate Here quadrant included: developing the

Figure 4. Wild and Scenic Rivers Program
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capacity of your organization; site evaluation; providing

information on protection strategies for natural resources;

providing information on river conservation; providing

information on open space protection; providing informa-

tion on protection strategies for cultural resources; pro-

viding information on interpretation and education; and

providing information on other organizations with similar

projects.

Falling into the Low Priority quadrant were: developing

vision, mission, goals; building support within the com-

munity; and provision of information on trail develop-

ment. Cooperators placed a low priority on trail develop-

ment; however, this is a service the WSR program does

not emphasize. Two items fell into the Possible Overkill

quadrant: assistance with facilitating meetings and enlist-

ing relevant interest groups.

Discussion
With few exceptions, both importance and satisfaction

scores suggest a high level of support for and fulfillment

of the services delivered. NCRC program staff should be

congratulated for having a very good sense of the program

elements important to their constituents and delivering on

these items.

Of the items common across the four programs, few

similarities emerged. For instance, while assistance with

developing a vision and mission was viewed as important

and well delivered by RTCA participants, it was seen as a

low priority or possible overkill by FLP and WSR. This

demonstrates the vastly different constituency needs and

interests across the four programs, along with the ability

of each program group to customize their services to the

specific needs of their constituency.
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Three of the four programs (RTCA, FLP, and NHA)
viewed identification and evaluation of site resources as a

low priority. Only WSR placed a relatively high value on

its provision. Of the three programs that included assis-

tance with obtaining funding as an item, two (RTCA and

NHA) viewed the service as highly important, but were

relatively dissatisfied with its delivery. Thus, two general

recommendations are given. First, it appears that the

NCRC programs should generally de-emphasize site iden-

tification and evaluation as a program service. With the

exception of the WSR program, this capacity is not high-

ly valued by constituents. Second, NCRC should place a

greater focus on assisting constituents with identifying

funding strategies and sources for their programs. One

way this could be accomplished would be to build expert-

ise on funding sources within the National Center for

Recreation and Conservation and field offices. There are

several organizations that focus on helping small non-

profits with issues related to fund-raising, grant writing,

and financing. Perhaps formal relationships could be

developed with these organizations for the purpose of

assisting NCRC cooperators with this vexing problem.

Finally, National Park Service programs such as the

NCRC are being held more accountable to the public for

both the efficacy and efficiency of their operations. The

Importance-Performance technique is a useful evaluation

tool for disaggregating and evaluating multidimensional

organizations comprised of various program delivery ele-

ments. Methods of statistical analysis are relatively sim-

ple, and are presented visually for straightforward inter-

pretation. As such, the I-P technique has broad applica-

bility to a wide variety of agencies and organizations. [^
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Similarly, casts are available to the National Park

Service for its educational and exhibit needs. Further these

casts provide researchers the opportunity to study accu-

rate reproductions of these fossil features, features that

would otherwise be lost due to erosion. The National

Park Service has provided the logistical support and

framework for the excavation while the Dallas Museum
of Natural History has provided the technical expertise

for the molding and casting. This partnership has pro-

duced a successful model of cooperation between the Park

Service and a private institution, and has yielded impor-

tant scientific, preservation, and educational results from

a previously unrecognized resource. [^
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his issue of Park Science combines the skills and energies of over 50 people in reporting

on research and its application to resource management. Naturally, this variety reflects a

multitude of fascinating and critical studies and applications going on in the national parks.

Bit by bit this work adds to our understanding of park ecology and improves park manage-

ment. In this issue, for example, we find two approaches for dealing with the problem of

exotic vegetation. In the first, Tom Gardali and his co-authors focus on songbirds as indica-

tors of ecological recovery following the eradication of exotic plant species at Golden Gate

National Recreation Area, California. In the other, Kathleen Reeder and Brian Eick describe

a partnership with the U.S. Department of Agriculture to first understand and then system-

atically control two species of knotweed at Johnstown Flood National Memorial,

Pennsylvania. Each provides useful insights into the complex process of striving to foster the

return of native vegetation and ecological function following exotic plant control.

Two articles provide international perspectives, reminding us that we are part of a broad,

international network of scientists and managers endeavoring to conserve parks for people.

In particular, John Dennis' report on the meeting of the Man and the Biosphere Program of

UNESCO points out how we might improve the participation of the National Park Service

in the U.S. portion of this program by learning from examples of several international bios-

phere reserve models. Also, German forester Thomas Meyer profiles the national parks of

Germany in an enjoyable article comparing the history, goals, and resource management
issues of the German parks with our own park system. The comparison is fascinating and,

along with the MAB report, demonstrates that natural resource management is a global

commodity, at times exported and imported by the National Park Service.

I am especially pleased to run a profile, albeit brief, of the recent book, Yellowstone in the

Afterglow, by Mary Ann Franke of the Yellowstone Center for Resources. The book summa-
rizes the many scientific investigations about the effects of the fires of 1988 on the park and

concludes that for the most part the park and its resources are quite durable in response to

fire. I certainly was not surprised to hear this but was very happy to read about it in a popu-

lar, science-based publication. Thirteen years ago I spent 23 days in Yellowstone as an infor-

mation officer relating details of the North Fork fire to media and offering hope about the

ecological resilience of the ecosystem. By summer's end—fires still burning and emotions

hot—this story had worn out its welcome. Nevertheless, renewal would again become the

theme of news reports the following spring. Nearly half a career later the information on the

lessons learned from the fires is refreshing, relevant, and valuable. Not only does it deepen

our understanding of long-term effects of fire on a natural ecosystem, but it also will help us

manage future demands for fire information more effectively.

Many other articles appear in these pages, too, echoing individual and group efforts alike

to link science and park management. The variety is altogether impressive and enjoyable,

and the people behind the science are indeed a most valuable resource in their own right.

A<J^(j~<^—
JeffSelleck

Editor
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ON THE COVER
Once absent at Dry Tortugas National

Park, Florida, mangroves and nesting

magnificent frigatebirds now thrive in

this subtropical marine ecosystem (see

cover story on page 20).
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COVER STORY
20 Recent colonization of mangroves and nesting frigatebirds

at Dry Tortugas

Researchers investigate this relatively recent colonization, the relationship between

these organisms, and their vulnerability.

By Thomas W. Doyle, Thomas C. Michot, Richard H. Day, and

Christopher J. Wells

FEATURES
25 Backcountry water quality in Grand Teton National Park

Scientists employ DNA analysis to help identify sources of fecal coliforms,

information valuable for park policy considerations.

By Niki Tippets, Susan O'Ney, and Dr. Aida M. Farag

2o Songbird monitoring in the Golden Gate National Recreation Area:

A multifaceted tool for guiding the restoration of Redwood Creek

An experiment in restoration tests the usefulness of songbirds as indicators

of ecological recovery following the removal of exotic plant species.

By Thomas Gardali, Carolyn Shoulders, Daphne Hatch, Aaron L.

Holmes, Sandra E. Scoggin, and Geoffrey R. Geupel

33 Northeast parks' regional strategy to control knotweed

supported by U.S. Department of Agriculture

Field trials at Allegheny Portage identify a technique to eradicate the pervasive

exotic plant species while encouraging the return of native vegetation.

By Kathleen Kodish Reeder and Brian Eick

3" Oil and gas management planning

and the protection of paleontological resources

Lake Meredith and Alibates Flint Quarries pioneer a means to increase

the protection of paleontological resources in the parks.

By Vincent L. Santucci, Adrian P. Hunt, and Lisa Norby

39 Research Permit and Reporting System:

The on-line launch is up

Resource managers and computer specialists

streamline a formerly inconsistent permit process.

By Jonathan Bayless and Norm Henderson

4 1 Interdisciplinary Resource Protection course

returns for encore performance

Resource specialists, park rangers, and other park staff

team up to solve resource crime scenarios.

By Jane Gordon, photographs by Todd Swain
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Gambusia habitat restored

in Big Bend
/

The Big Bend mosquitofish (Gambusia gaigei) is a fed-

erally endangered species whose only habitat in the wild

is a few warm-water springs at Rio Grande Village in Big

Bend National Park (Texas). A remnant of a wetter cli-

mate, the tiny, live-bearing fish has endured despite

severely limited natural habitat. Furthermore, use of the

area for farming before the park was established and

subsequent park development worsened the situation.

Farmers established roads, constructed ditches for irri-

gation, and drained the natural spring-fed wetlands to

create arable land; the Park Service paved roads,

installed a picnic area and freshwater pipeline, and

developed a right-of-way for maintenance of an electric

power line. By the 1960s, park resource managers were

aware of the mosquitofish's tenuous existence and con-

structed ponds that became the core of their habitat.

Beavers helped in the 1980s by building a dam in the

runoff channel, but the fish still relied upon the artificial

habitat that was vulnerable to leaks, toxic spills, and

malfunctioning water pumps.

Recognizing the need for self-sustaining habitat,

resource managers applied for funding from the NPS
Water Resources Division to restore eight acres of natu-

ral, spring-fed wetlands. The project began in 1999 with

the removal of an asphalt road and picnic area and re-

contouring of soils to retain water (fig. 1). The pipeline,

power line, and a maintenance facility were also relocat-

ed out of the wetland habitat. Aerial photos, detailed

topographic mapping, and soil analysis were key to

understanding the former extent of the wetlands and in

determining suitable upland sites for this infrastructure.

Now in the revegetation phase, the habitat restoration

combines plant propagation and transplanting tech-

niques. The park elementary school operates a green-

house to propogate native plants for restoration projects

in the park. For this project, the students are growing

primarily salt-tolerant wetland grasses. Transplants also

include cottonwoods, willows, baccharis, and cattails.

Park Service staff and additional volunteers, including

Student Conservation Association aides, Boy Scouts,

area students, and local river outfitter employees are

carrying out the revegetation (fig. 2). Resource man-

agers watch for and control encroaching nonnative

species in the newly disturbed area and have already

removed tamarisk, palm trees, buffelgrass, and rabbit's-

foot grass. Thorny mesquite thickets in the wetland

area, another result of pre-park agricultural practices,

are being returned to wetland grasses through active

removal and prescribed burning by park fire manage-

ment staff.

The final phase involves consultation with the Water

Resources Division and the U.S. Fish and Wildlife

Service's recovery team for Big Bend mosquitofish to

consider further enhancements to the habitat. These

include considering alternatives to the current practice

of pumping water from mosquitofish habitat for domes-

tic uses and mitigating the impact of several farm-era

earthen berms that alter drainage in the area. The group

will also consider creating an additional pond within

the restored wetland.

The park has established two scientific projects to mon-

itor and document restoration results. One uses vegetation

and insect monitoring transects as indicators of change in

wetland function. The other is a network of soil and sur-

face water monitoring devices (i.e., piezometers) to

demonstrate hydrologic change in the system.

'* 3ffi&'*.>
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Figure 2. Employees transplant

native wetland grasses to the

restoration site. These and other

transplants restore organic matter

to the soil and retain moisture.

When inundated, the vegetation

provides shade and shelter for the

mosquitofish, and supports the

fish's diet of aquatic insect larvae.

With removal of drainage struc-

tures and return of wetland soil

and plant function, areas of per-

manent standing water will

increase and seasonally wet areas

will become more persistent.

Figure 1. The habitat restoration

at Big Bend began with the

removal of an asphalt road and

re-contouring of the land to retain

warm-water spring runoff for the

endangered Big Bend mosqui-

tofish.

Writer-editor assists

Northeast Region
natural science program

The Northeast Region's Philadelphia Support Office

has engaged the services of a part-time writer-editor to

provide natural science publications support for the

Chesapeake and Allegheny Cluster parks. This person

works closely with the Chesapeake-Allegheny Cluster

Chief Scientist John Karish and other persons in the

Philadelphia Support Office (PHSO).

General duties are developing, editing, and dissemi-

nating information about critical natural resource man-
agement issues. The incumbent also publicizes research

results pertaining to the physical and social sciences,

natural resources, and biology in the Northeast Region's

national parks.

The primary goal of the writer-editor is to present

new technical information and research results in a style

understandable and relevant to general audiences and

professionals. In addition to providing material for fact

sheets and site bulletins, this person contributes to

Natural Resource Year in Review and Park Science.

Editing responsibilities include proofreading publica-

tions for the PHSO Technical and Natural Resource

Report series. In order to provide natural resource

information to as wide an audience as possible, the

writer-editor is working with a web-page development

<"v VOLUME 21 NUMBER 1 FALL / WINTER 2001



team to incorporate natural science information in the

Philadelphia Support Office's website. That website will

link to the National Park Service site.

The person who held this position in fiscal year 2001

was Kathleen K. Reeder, who began working with the

National Park Service through a cooperative agreement

with The Pennsylvania State University in November

2000. Ms. Reeder has expertise in writing expository

prose in both the academic and government spheres.

Beginning in October 2001, writing and editing duties

was assumed by Betsie Blumberg, who has a bachelor's

degree in anthropology and master's degrees in anthro-

pology and agronomy. In addition to teaching freshman

courses in rhetoric, composition, and technical writing

at Penn State, Ms. Blumberg has edited textbooks writ-

ten by faculty for distance education and workforce

education training for the Penn State World Campus,

and agricultural extension materials for Penn State's

Department of Agricultural Communications.

Strategy for managing the

West Nile virus in the

HMHKt Northeast Region

West Nile virus has generated much publicity since it

was first identified in New York City in 1999. Although

very few humans have died of the infection, apprehen-

sion about the number of people at risk—and misun-

derstanding about the process of transmission itself

—

have continued to grow. According to Wayne

Millington, Integrated Pest Management Coordinator

for the Northeast Region, continued education for park

employees and managers, including how to identify

potential vectors (carriers) and minimize human risk,

have been the key to preparing for the 2001 cycle of this

disease.

The virus, which can cause encephalitis (an inflam-

mation of the brain) in humans, is spread in the

Northeast primarily by members of a mosquito species

that prefers to feed on birds. In fact, West Nile virus

presents a far greater threat to specific bird populations

in the Northeast Region than to humans. Although

mortality has occurred in very small numbers of other

bird species, the American crow, fish crow, and blue jay

seem to be most susceptible. Of these three, the

American crow has had the highest mortality rate. For

example, in 1999 and 2000, more than 10,000 of them

died from the virus. Because of this susceptibility, crows

are used by most state and federal agencies as an early

indicator for the movement of the virus into an area.

The risk that a mosquito carrying the virus will bite a

human is extremely low in sparsely populated areas.

The threat of infection is greater in cities because the

density of the human population makes it more likely

that the vector species will find a human rather than a

bird to bite. In fact, the few human deaths that have

been recorded occurred in areas where people worked

or lived under very crowded conditions. For, example, a

70-year-old woman who died of the disease during 2001

lived in a county that has 1,543 people per square mile.

Preparation for the 2001 season in the Northeast

Region included regional training meetings for park

staff and superintendents. Information about the virus,

its vectors, their habitat identification and management,

and risk reduction procedures were sent to each park.

Every park in the region was also encouraged to com-

municate with their local and state health departments,

and with local or state mosquito control offices, to share

information and collaborate in all regional management

efforts. Parks that already have experience minimizing

the threat of the West Nile virus have assisted those that

trained their staff for the first time.

All resource materials compiled by Mr. Millington

are available to park visitors, neighbors, and parks out-

side of the region. Anyone who wishes to have more

specific information about the West Nile virus in the

Northeast may contact Mr. Millington at (814) 863-8352.

The American crow is highly susceptible to the mosqui-

to-borne West Nile virus and is a management concern

for national parks, particularly in the Northeast.

COPYRIGHT DAN SUDIA

Preserving water resources

Strategy outlined in Northeast Region report

A newly issued management plan in the National Park

Service's Northeast Region may serve as a valuable ref-

erence for other parks that share the challenge of pre-

serving the integrity of water resources as urbanization

threatens their watersheds. Conducted as a cooperative

study by the United States Geological Survey (USGS)

and the National Park Service, this plan analyzes the

characteristics and susceptibility of water and aquatic

life at Cold Harbor and Gaines' Mill, two of eleven geo-

elWUMCSCIENCE



graphically distinct units that are collectively known as

the Richmond National Battlefield Park, Virginia.

Although water quality is sufficient now, the Park

Service is aware that changes in land use can alter many

characteristics of the surface and groundwater, such as

flow rate, sediment load, and pollution content. The

NPS-USGS team, therefore, began planning how to pre-

serve water resources in August 1999 as development

increased near the park's various units, all of which lie

outside the city of Richmond. They have conducted a

comprehensive analysis of existing information, includ-

ing all legislation that pertains to the subject areas'

water resources and the historical context and condi-

tion of the streams. Their research has yielded thorough

descriptions of the sites' respective watersheds, geology,

hydrology, topography and soils, vegetation, flood-

plains, riparian areas and wetlands.

Ultimately, the researchers provided evidence that

three kinds of information must be obtained in order to

assess the impact of development in the future: baseline

data about present water quality; inventories of riparian

flora and fauna; and inventories of water-dependent

flora and fauna. In addition to identifying the method-

ology needed to establish baseline data, the report rec-

ommends efficient, cost-effective strategies for monitor-

ing the water resources and for managing the habitats to

protect the flora and fauna dependent on them.

To receive a copy of this management plan, please

contact John F. Karish, Chief Scientist, National Park

Service, Philadelphia Support Office, Northeast Region,

209B Ferguson Building, University Park, PA 16802-

4301. He may also be reached by phone at (814) 865-

7974; or via e-mail at john_karish@nps.gov.

Fisheries enforcement task force on the

mi^^mmmmmm Potomac

In spring 2000 and 2001, a multiagency task force con-

ducted a fisheries enforcement operation on the Potomac

River and adjacent national park system lands adminis-

tered by the George Washington Memorial Parkway and

the Chesapeake and Ohio Canal National Historical Park.

The operation took place in the Little Falls-Chain Bridge

area that straddles the Washington, D.C.-Maryland-

Virginia border (see photo). During the seven days that

the task force was active each year, citations were issued

for 560 violations. These included the illegal catch of

striped bass and shad, use of cast nets, snagging, fishing

without a license, and a multitude of Code-of-Federal

Regulations public use violations associated with alcohol,

litter, graffiti, fires, and nighttime closures. Hundreds of

pounds of highly prized anadromous striped bass were

seized, some of which were donated to a homeless shelter.

The fisheries enforcement task force operated on the

Potomac River and lands administered by the George

Washington Memorial Parkway and the Chesapeake and

Ohio Canal National Historical Park.

The task force was formed as a result of tips to an

environmental crimes hotline and complaints about

public use violations on NPS-administered lands. This

stretch of the Potomac River is very popular for fishing

because it is particularly narrow and fish are highly con-

centrated during the spring spawning runs. With the

construction of a fish weir on the nearby Little Falls

Dam, species such as striped bass, shad, and perch are

now able to use an additional 10 miles of excellent

spawning habitat up to the base of Great Falls.

As a result of the task force operation, the National

Park Service and other natural resource agencies were

able to get a better understanding of visitor use patterns

in the area as well as to gather intelligence on commer-

cial fish poaching and other fisheries violations. This

information is being used to target educational and

enforcement activities to reduce poaching and ensure

that critical fish species are able to reach the newly

accessible spawning habitat. Before the start of law

enforcement efforts, the National Park Service estimated

that over 200 striped bass were being poached in the

area each day. The Park Service is now working with the

Potomac Conservancy and other organizations to reduce

poaching through education. The task force members

included NPS rangers, U.S. Park Police, U.S. Fish and

Wildlife Service, Maryland Department of Natural

Resources, Virginia Department of Game and Inland

Fisheries, Virginia Marine Resources Commission,

Maryland National Capital Park Police, D.C. Harbor

Police, and Arlington County Police. [^
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New method to assess trail problems

oss fil

The deterioration of trails from increasing visitation

is a problem throughout the United States. Yu-Fai

Leung and
J. L. Marion developed a method, called

the trail problem-assessment method (TPAM), to

efficiently identify specific portions of trails that

require repair (1999. Assessing trail conditions in

protected areas: Application of a problem-assess-

ment method in Great Smoky Mountains National

Park, USA. Environmental Conservation 26(4):270-79).

The method uses multiple indicators to evaluate tread

problems. Park managers can use this method to help

identify problem areas and take management actions to

repair trails.

The authors applied TPAM to survey the condition of 72 back-

country trails (328 mi or 528 km; 35% of all trails) in Great

Smoky Mountains National Park. Twenty-three indicators were

measured, grouped into three categories to evaluate (1) trail type

and use; (2) location, number, and lineal extent of pre-defined

tread problems; and (3) design problems (e.g., excessive trail

grades) and trail structures (e.g., number and relative effective-

ness of constructed water bars and drainage dips for the diver-

sion of water runoff from treads). The indicators were coded and

could therefore be rapidly recorded on a simple form. The inves-

tigators recorded the distance from the trailhead to features such

as water bars, and recorded starting and end distances from the

trailhead for highly degraded segments. A recording was made

only if a critical indicator condition had been reached. For exam-

ple, soil erosion was not recorded unless it exceeded a depth of

11.8 in (30 cm) for a lineal distance of 9.8 ft (3 m).

The survey revealed serious deterioration of trails throughout

the park, with damage being somewhat worse in the central and

eastern portions of the park. Soil erosion of trail treads was the

most extensive and possibly the most significant problem (14.9

mi or 24 km of trails had soil erosion exceeding 11.8 in or 30 cm).

Rutted treads along with wet soils also contributed to excessive

tread width (2.2 mi or 3.6 km in 176 locations or 0.7% of the sur-

veyed trails). Users widen trails by trying to avoid poor or treach-

erous conditions in the main tread. Wet, muddy soil (752 inci-

dents over an aggregate of 1 1.3 mi or 18.2 km) was the most fre-

quent type of deterioration, in spite of a drier than average sum-

mer. Trails with wet, muddy treads tended to be concentrated

where the use by horses was high.

The survey also revealed the effectiveness of trail structures.

For example, water bars were rated as more effective than

drainage dips for diverting water from the trail treads. Park offi-

cials have already used results of the survey in planning the man-

agement of trails.

TPAM has some limitations. For example, it cannot be used for

determining average tread condition. Identifying which indicator

condition constitutes a serious problem and determining the

beginning and end of a deteriorating trail segment also are chal-

lenges. The authors suggested research be done to compare the

precision of TPAM with other methods. A new article by the

authors in the Journal of Park and Recreation Administration

(fall 2001, volume 19(3):97-117) compares and contrasts TPAM
with the point-sampling trail assessment method, providing an

illustration of both methods and guidance in selecting between

them.

Long-term ecological monitoring ofCape

Cod National Seashore

Cape Cod National Seashore is one of 1 1 national park system

units conducting prototype long-term ecological monitoring

under the NPS Inventory and Monitoring Program. The seashore

represents the Atlantic and Gulf coast biogeographic region, and

protocols for monitoring its resources are suitable for monitoring

resources elsewhere in the same biogeographic region.

A 59-page technical report (Roman, C. T, and N. E. Barrett.

1999. Conceptual framework for the development of long-term

monitoring protocols at Cape Cod National Seashore. Cooperative

National Park Studies Unit, USGS Patuxent Wildlife Research

Center) presents conceptual models for long-term monitoring of

each major ecosystem type on the seashore: estuaries, salt marsh-

es, barrier islands, spits, dunes, ponds, freshwater wetlands, and

coastal uplands. The authors explain the complex relations among

the natural or anthropogenic agents of change, stresses, and

responses in ecosystem structure, function, or processes. The mod-

els are provided in the form of matrixes designed to reveal changes

in ecosystems due to natural or anthropogenic sources of stress at

various temporal and spatial scales.
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The importance of Great Smoky
Mountains National Parkfor wood thrush

Large, intact forests are believed to be important population

sources for Neotropical landbirds. Great Smoky Mountains

National Park, at the border of Tennessee and North Carolina, is

one such area, with 508,198 acres (205,665 ha) of contiguous for-

est in the center of 4.9 million acres (2 million ha) of public land.

The park's temperate climate, broad temperature and moisture

gradients, and steep, complex topography all contribute to a

diversity in bird species unlike any other area in North America.

To evaluate the role the park plays in maintaining regional song-

bird populations, three researchers studied the productivity of

the wood thrush (Hylocichla mustelina [Simons, T R., G. L.

Farnsworth, and S. A. Shriner. 2000. Evaluating Great Smoky

Mountains National Park as a population source for the wood

thrush. Conservation Biology 14(4):1 133-44]). Great Smoky

Mountains National Park is estimated to support a wood thrush

breeding population of approximately 10,000 nesting pairs.

The high productivity of wood thrushes in the Great Smoky

Mountains (3.31 nestlings per successful nest) indicates that the

park provides high-quality nesting habitat. But daily nest survival

rates also were below those reported in studies of wood thrush-

es in other areas, suggesting that the park may support more

diverse and abundant predators. The researchers concluded that

although Great Smoky Mountains National Park is a substantial

population source for wood thrushes on a local scale, its poten-

tial to sustain regional or continental wood thrush populations is

limited. Their findings indicate that large areas of suitable habi-

tat outside protected areas and other public lands are necessary

to sustain continental breeding populations of Neotropical birds.

Lessonsfrom
the Yellowstone

fires of1988

results of several-hundred research projects that have been con-

ducted since 1.4 million acres burned in the greater Yellowstone

area in 1988. Many dire predictions were made that summer

about the park's future—that wildlife would be reduced, that the

forests would have to be replanted, that increased erosion would

cause flooding downstream of the park, that visitation would

decline. Instead, the research conducted in a variety of disci-

plines by dozens of scientists from academia and government

have largely documented the resilience of the Yellowstone

ecosystem in response to large fires.

The moose population on Yellowstone's Northern Range

appears to have declined in part because of the loss of old-growth

forest, and aspen seedlings are growing in burned areas where

aspen had not previously existed, but these are the exceptions. For

the most part, the fires of 1988 did not affect the abundance, dis-

tribution, or diversity of the park's plant and animal communities.

In addition to demonstrating how such conclusions were arrived

at, Yellowstone in the Afterglow explains the history of the park's

controversial fire management policy and how public perceptions

of the park and of wildland fire have changed over the years. The

book is available in PDF format on the park's website at

www.nps.gov/yell/publications/pdfs/fire/afterglow.htm.

New book showcases geology of Utah parks

Yellowstone in the!

Utah's parks and monuments contain some of the most spec-

tacular geology and landscapes found anywhere in the world. To

celebrate Utah's geologic parks during the millennium year, the

Utah Geological Association (UGA) published a guidebook that

highlights the geology of the state's parks and monuments

(Sprinkel, D. A., T. C. Chidsey, Jr., and P. B. Anderson, editors.

2000. Geology of Utah's Parks and Monuments. UGA Publication

28. 644 pages. ISBN 0-9702571-0-4).

In spring 2001, as the

snow melted off the mil-

lions of acres of

Western forest and

grassland that had been

hit by the previous sum-

mer's record-breaking

fire season, land man-

agers began looking for

signs of ecological

change. They could find

some clues about what

to expect from the newly released Yellowstone in the

Afterglow: Lessons from the Fires (Franke, M. F.

2000. National Park Service, Mammoth Hot Springs,

Wyoming. YCR-NR-2000-03). Yellowstone National

Park produced the 1 18-page book to summarize the

Scientific research into various aspects of the great Yellowstone fires of 1988 is sum-

marized in a recent publication by the park entitled Yellowstone in the Afterglow.

VOLUME 21 NUMBER 1 FALL / WINTER 2001



GEOLOGY of UTAH'S

PARKS and MONUMENTS
The book is viewed as a

model for other states as

far as its comprehensive-

ness, readability, and use-

fulness in explaining geol-

ogy. It describes the geol-

ogy of five national parks

(Arches, Bryce Canyon,

Canyonlands, Capitol

Reef, and Zion), five

national monuments in

the national park system

(Cedar Breaks, Dinosaur,

Natural Bridges, Rainbow

Bridge, and Timpanogos Cave), and one NPS-administered

national recreation area (Glen Canyon), as well as one BLM
national monument, one BLM national recreation area, 10 state

parks, one geologic area, and one tribal park. In addition, the

book has several topical papers, including a survey of paleonto-

logical resources in Utah's national parks and monuments.

A companion CD-ROM also is available (Anderson, P. B., and D.

A. Sprinkel, editors, Geologic Road, Trail, and Lake Guides to

Utah's Parks and Monuments, UGA Publication 29, ISBN 0-

9702571-1-2). This compact disc contains road, trail, and lake logs

that serve as geologic guides through most of the parks described

in the book. The CD-ROM provides general descriptions of each

park's geology and detailed descriptions of many geologic features

at selected stops. The guides are intended for any park visitor inter-

ested in geology, as well as geologists, teachers, and students.

The National Park Service played a major role in the develop-

ment of the publication and compact disc. Five NPS employees

wrote parts of the book, while an NPS employee prepared one

section of the compact disc. In addition, the NPS Geologic

Resources Division provided financial support in developing the

book and helped find and coordinate writing by NPS authors.

New conservation biologyjournal published

A new journal is now being

published that is intended to

"bridge the gap between con-

servation science, practice,

and policy." The Society for

Conservation Biology launch-

ed Conservation Biology in

Practice in 2000. The journal is

designed for conservation

practitioners and policy mak-

ers who "are short on time but

long on information needs."

The editors want to "put con-

servation science into practice

and conservation practice into

science." Articles in the quar-

terly magazine cover new conservation biology research, innova-

tive case studies, "hands-on" management tools and techniques,

and practical resources for practitioners.

The winter 2001 issue (volume 2[1]) illustrates the topics the

journal is covering. Among the features, Jason and Roy Van

Driesche discuss preventing nonnative species invasions.
J.

Michael Scott, Robbyn J. F. Abbitt, and Craig R. Groves provide

an overview of the lands being protected in the United States.

Sarah DeWeerdt reports on the work of the Declining Amphibian

Populations Task Force. And Ron Hiebert (Research

Coordinator, Colorado Plateau Cooperative Ecosystem Studies

Unit) describes an exotic plant ranking system, an automated

web-based tool that can help managers prioritize decisions on

the management of exotic plants.

The National Park Service is one of six partners who con-

tributed start-up funds for the journal, help identify editorial

material, and promote the journal. Associate Director Mike

Soukup is on the editorial advisory board.

More information about Conservation Biology in Practice,

including subscription information, can be found on the Internet

at www.cbinpractice.org, or by contacting the editor, Department

of Zoology, Box 351800, University of Washington, Seattle, WA
98195-7075; telephone 206-221-7075.

A guidefor managing coral reefs

Coral reef ecosystems are one of the nation's most diverse

ecosystems and are very valuable for fisheries, recreation,

tourism, scientific research, education, and shoreline protection.

Indeed, the value of most coral reef ecosystems is estimated to be

in the billions of dollars. They are also fragile and face increasing

stresses from many sources.

In 2000, the ecosystem science and conservation working

group, an ad hoc committee of the U.S. Coral Reef Task Force,

prepared a booklet to assist those involved in planning and man-

aging coral reefs (Coral Reef Protected Areas: A Guide for

Management. National Park Service Publication D-1449. 17pp.)

Both federal and state agencies helped prepare the guide. The

Park Service was a contributor to the booklet and compiled,

edited, and published it. The guide is intended for use in devel-

oping coral reef management plans and reviewing plans for pro-

tected areas. Although the booklet is principally concerned with

protected coral reefs under U.S. jurisdiction, it can assist those

managing coral reefs elsewhere.

The guide has 13 elements, each of which is covered in one or

two pages. References are provided at the end of many of the

sections for those seeking additional information. Among the 13

elements are: planning and stakeholder cooperation; marine

wilderness areas; enforcement; mapping; monitoring; restora-

tion; and education and outreach.

Copies of the document may be obtained by contacting James

Tilmant, NPS Water Resources Division, 1201 Oak Ridge Dr.,

Fort Collins, CO 80525. The guide is also posted on the Internet

in PDF format at http://coralreef.gov/blueprnt.pdf. [^
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August 4-9

The Sixth Symposium of Biological Research in the Jemez Mountains, New Mexico,

will be held in Santa Fe. The goal of the symposium is to exchange results of ongoing

biological research in the Jemez Mountains. For more information contact Stephen M.

Fettig, Bandelier National Monument (505-672-3861, ext. 546;

stephen_fettig@ nps.gov)

.

The NPS Pacific West and Alaska Regions are sponsoring the West by Northwest 2001

Workshop in Seatle, Washington. Titled "Navigating the Future: Protecting and

Sharing the Legacy," the workshop will have three themes: (1) walking the talk of the

Organic Act: prohibition on impairment of park resources and values; (2) demonstrat-

ing results and accountability: an examination of performance management stratetgies

for protection of resources; and (3) rising to the challenge: meeting planning and com-

pliance needs. This training workshop provides NPS staff and partners an opportunity

to share information, network, and learn about programs, policies, and standards. For

more information, visit www.pwr.nps.gov/prog/natres/wxnw2002/wnwindex.htm.

The National Park Service along with eleven other federal and state agencies and non-

profit groups are sponsoring the Fourth Conference on Research and Resource

Management in the Southwestern Deserts, to be held in Tucson, Arizona. The theme of

the conference, "Meeting Resource Management Information Needs," acknowledges

the importance of and increasing need for data to support decision making.

Conference sponsors hope to improve the preservation of natural and cultural

resources by increasing understanding of current research and resource management

challenges, and to achieve more collaboration through discussion of current research

and future research needs. Among the invited speakers are Karen Wade, NPS

Intermountain Regional Director, who will speak about the Natural Resource

Challenge Program, and Nancy Kaufman, U.S. Fish and Wildlife Service Region 2

Director, who will discuss how that bureau is planning to meet its information needs.

Additional information on the conference can be found at

www.werc.usgs.gov/sdfs/meetings.html.

The Ecological Society of America (ESA) and the Society for Ecological Restoration

(SER) will be meeting jointly next summer in Tucson, Arizona. The theme of the meet-

ing is "A Convocation: Understanding and Restoring Ecosystems." The organizers are

calling this conference a convocation, because it is the coming together of two organi-

zations, ESA and SER, that share the common purpose of using basic ecological

knowledge to solve practical environmental problems. The meeting will include practi-

tioners, managers, regulators, academic scientists, agency researchers, educators, and

interested citizens. The organizers also are encouraging ecologists and restorationists in

Mexico and Latin America to attend. Esteemed Harvard biologist E. 0. Wilson will be

giving the keynote address to the conference. For further information on the confer-

ence, consult www.esa.org/tucson, or contact the program chair: Paul H. Zedler,

Institute for Environmental Studies and Arboretum, University of Wisconsin-Madison

(608-265-8018; esa@mail.ies.wisc.edu).

*Readers with access to the NPS Natural Resources Intranet can view a comprehensive listing of upcoming meetings, conferences, and

training courses at www1.nrintra.nps.gov/NRMeet/index.cfm.
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Park management
in Germany
A YOUNG AND GROWING PARK SYSTEM

DRAWS INSPIRATION FROM THE
U.S. NATIONAL PARK MODEL

Article and photos by Thomas Meyer

Located in central Europe, Germany is about the

size of Montana and has a long history of settlement

and a high population density 1
. Thus, Germany's land-

scape is very fragmented and lacks uninhabited natu-

ral areas such as old-growth forests. In this setting,

Germany has only been able to establish national

parks on lands altered by human use; areas suitable for

the highest preservation status have been hard to find.

Nevertheless 14 national parks exist in my country

today (figure 1). They are situated in less populated

regions and are generally small compared to parks in

North America. However, their objective is similar to

U.S. national parks: to allow natural succession, pro-

tect natural landscapes, and provide for recreation.

Because of our land use history, the present focus in

German parks is on protecting succession so that nat-

ural landscapes can develop once again. Our parks are

in transition because the primary resource for which

they were created is not (entirely) present. Almost 70

years ago Shenandoah National Park (Virginia)

became the first "transition park" because its mixed

hardwood and evergreen forest had been logged from

previous settlement, leaving only small patches of old-

growth forest (Engle 1998; Conservation Foundation

1985). As one can imagine, land uses such as agricul-

ture and forestry leave footprints on sometimes fragile

ecosystems. Yet, as we all know, resource management

is a tool used by park administrations around the

world to restore degraded ecosystems. In this respect

national parks in Germany and the United States are

1 Two-hundred thirty people per square kilometer or 89 people per square

mile compared with 28 per square kilometer or 11 per square mile in the

United States.

similar, and, as you will see, an intriguing blend of

both similarities and differences in the history and

management of the two park systems exists.

National park by "accident"
Germany's first national park was established in the

Bavarian Forest in 1970 with the objective of attracting

tourists to its remote location. However, the denomi-

nation "national park" was merely a public relations

strategy to promote a park that was intended purely as

a recreational area. Consumptive uses such as timber

harvest and hunting were to continue. Thanks only to

a few people who were in charge of managing those

13,000 hectares (32,123 acres) was the Bavarian

National Park transformed into a "real" national park

according to international standards.

The long absence of national parks in Germany can

be explained by a different conservation tradition

from the United States. Early conservation efforts in

Germany focused on species conservation and preser-

vation of natural monuments, leading to the creation

of the first nature reserves around 1900. Although

some politicians were inspired by the national park

idea, their plans failed, in part, because Germany

lacked pristine areas and the concept of transition

parks had not been established. Additionally, two

world wars intervened and diverted attention from the

conservation movement.

A second national park was established in the Alps

in 1978, followed by three more parks in the

Waddensea coastal zone of the North Sea. Thereafter,

the potential for additional parks was scant until 1989

when the German Democratic Republic (GDR or East

Germany) became more open to the West. With the

fall of the Berlin Wall a group of East German conser-

vation leaders went on a study tour of the United

States to learn about protected areas and to incorpo-

rate new ideas in their latest conservation projects.

The former East Germany was less densely settled

than its western counterpart and possessed many

promising conservation sites. Although several areas

suitable for national park designation had been identi-

fied in the years of the GDR, their protection as

"national parks" was prohibited because the idea was

American or capitalist! The conservationists met with

NPS officials and visited Shenandoah National Park

where they were fascinated to view the results of

America's first transition park project. By the time of

Germany's reunification in 1990 five parks in the for-

mer GDR had been created, setting aside an addition-

al 130,000 hectares (321,230 acres—figure 2, page 14).

About 5% of the former East Germany was protected

as nature reserve, biosphere reserve, or national

park—a great success for nature conservation!
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Niedersachsisches
Wattenmeer
236,330 ha

(583,971 acres)

German
National Parks

Source: Bundesamt fur Naturschutz (BIN) 1999,

nachAngaben der Lander; Stand: 1.7 1999

Der Nationalpark Elbtalaue 1st wegen des schwegenden Verfahi

Bundesamt fur Naturschutz

Figure 1. German national parks by state. (Adapted by the NPS Natural Resource Information

Division from the original by LANIS-Bund—the German Federal Agency for Nature

Conservation, 1999.)

Management Guidelines Needed
In 1973 the International Union for Conservation of

Nature and Natural Resources (IUCN) set up criteria

for classification of protected areas. The long experi-

ence of U.S. parks heavily influenced those standards

for national parks around the world. In fact, German
park managers aim to meet the IUCN standards since

they promote the national park idea better than

German law. The IUCN revised its standards in 1992,

requiring national parks to fulfill management crite-

ria, such as preservation of ecological integrity and

exclusion of any use that might deteriorate it, in at

least 75% of an area. This explicit requirement was
necessary because forestry, mass tourism, and mining

are incompatible with national parks.

Nevertheless, natural resource

restoration operates with tools com-

monly associated with forestry,

including thinning and replanting.

Accordingly, park zoning must dis-

tinguish restoration zones from nat-

ural areas. Currently only three out

of 14 German parks qualify as nation-

al parks by IUCN definition.

Natural Landscapes-
Step by Step
By far the largest challenge for man-

agers of recently created German
parks is addressing the many concerns

related to restoring ecological func-

tion in cultivated areas. Centuries of

forestry, mining, and hunting have left

behind a landscape with logging

roads, planted forests, introduced

species, and unnaturally high deer

populations. Restoration work is

needed to remove structures like

roads, buildings, and bridges and to

de-channelize streams. Field trials in

the Bavarian Forest have shown that

leaving roads intact does not mitigate

the human impact. In this case the

wilderness ethic nurtured in the

United States influenced park man-

agers to undo human impacts where

feasible in order to have "wild" land-

scapes inside park boundaries. The

retention of wild landscapes in

Germany is a philosophy that paral-

lels, for example, the watershed reha-

bilitation program in Redwood
National Park (California), although

removal of logging roads there is

mainly to mitigate erosion.

In German national parks meadows and former fields

can usually be left completely to natural succession. Only

when cultural landforms are crucial to the survival of

threatened species are they perpetuated by active man-

agement. This policy is comparable to the management of

historic landscapes and cultural zones in U.S. parks, even

if we do it for different reasons. Due to the small size of

German national parks, we try to keep as little area as

possible under permanent vegetation management,

preferably less than 5%. In contrast, nature reserves,

which are smaller in size and permit more active manage-

ment, are usually better suited for this goal. Furthermore,

historic landscapes receive a different protection status
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that allows active management to

preserve the historic context.

Managers of our young parks gen-

erally have two options regarding any

resource problem: do something

about it or let nature regulate it. The

decision to act or not applies to ani-

mal populations, plantation forests,

roads, and exotic species alike and

depends on the philosophy of the

park manager, funding, and the feasi-

bility of the proposed remedy. Each

park might take a different approach.

Surely surprising to the American

reader is that national parks in

Germany are not within federal, but

rather state, authority. Also, states

have not officially agreed upon a park

management policy. Nevertheless,

most park managers are eager to

comply with the already mentioned

international standards and are

advocating wilderness ideas similar

to those in the United States. Thus,

we are developing an informal man-

agement policy that is adapted to our

situation in Germany but according

to the spirit of John Muir and Aldo

Leopold.

Figure 2. (above) The white

cliffs of Jasmund National Park

attract more than 1.5 million

visitors per year.

Figure 3. (right) The natural

zone of Hochharz National

Park encompasses trees that

were killed by a bark beetle

infestation (Ips typographic)

20 years ago following wind-

throw.

Unique Problems?
In three German parks, where spruce plantations

partially cover the park, managers worry about bark

beetle infestations and lacking recruitment of native

tree species. Trees killed by insects are a normal occur-

rence in a forest ecosystem and, in general, park man-

agers agree that national parks should protect such

processes. Unfortunately, all parks have close neigh-

bors, and since Germany is densely populated, they

observe cautiously what happens inside the park

boundaries. Private forest owners bordering parks

oppose such "large-scale experiments" as they refer to

natural processes (figure 3). Local acceptance of parks

is crucial and requires managers to respect the fears of

park neighbors that insect infestations might spread.

In the Bavarian Forest, a buffer zone of at least 500

meters (547 yards) width serves as a barrier where

infested trees are removed or stripped of their bark.

Another issue related to plantations is the uniformi-

ty of forest stands—often including nonnative tree

species (figure 4). How does one deal with this prob-

lem? Leaving such stands alone might lead to a natural

forest with natural species in a couple hundred years.

On the other hand, thinning helps speed up that

process by breaking up structures and giving seeds of

other species a chance to invade the gaps. This tech-

nique adds diversity to almost bare forests. Clear-cuts

could also (very fast indeed) help to jump-start a new,

natural forest. Except for small acreages, however, this

option is not applicable in most parks. Only a decade

ago, clear-cuts were banned in Germany by law and

today forestry is concentrating on selective harvesting.

Reinventing clear-cuts for conservation purposes

would surely be a very unfortunate decision.

Wildlife needs regulation in all of Germany because

predators like wolves, bears, and bobcats were eradicated

centuries ago and are missing in our ecosystems. Without

hunting, deer and elk populations would otherwise

increase dramatically and have a great impact on vegeta-

tion and natural regeneration of our forests. Although

hunting for trophies is fairly common in Germany, it is

prohibited inside parks. In protected areas elk and deer

are regulated by imitating predation, with rangers culling

preferably young, weak, and ill animals. Trophies of these

"regulated" animals become property of the park.
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Figure 4. (left) Muritz National

Park, created in 1990, inherited

several thousand hectares of

pine plantations. Thinning is

an option to break up these

uniform, unnatural forests.

Figure 5. (below) Former tank

shooting range—today the

largest forest succession in

Hainich National Park.

The situation in Germany's Hainich National Park is

somewhat similar to Shenandoah, where farmlands

from pre-park days were left alone and a new forest

grew up in its place. In Hainich, large areas were

cleared in the 1980s to create a Russian-tank shooting

range. Today it is the largest forest succession in

Germany and has been protected in a national park

since 1997 when the military abandoned the area (fig-

ure 5). Because only native species revegetate these

lands, no further management is needed.

Parks and People
Experience has shown that protected areas in

Germany only have a chance to function if created on

state property. This is especially true for national parks

because they usually exclude or end any detrimental

uses that were previously legal. In Germany private

landowners living adjacent to parks mostly oppose the

parks because they fear restrictions, park expansion,

and insect diseases that might escape from within the

boundary. Even though visitor spending has a high

positive impact on local economies and many jobs can

be attributed to the parks, this negative attitude pre-

vails. Studies have shown that the greater the distance

between a park and its neighbors, the greater its

acceptance. Therefore, the main goal of park inter-

preters is to address these problems and to educate not

only visitors from far away but also park neighbors.

Conclusion
Although the many park management problems

described in this article are mostly related to

Germany's fragmented and "civilized" landscape,

managers in some U.S. national parks are probably

dealing with similar issues. Considering that

untouched landscapes are decreasing year by year,

the ability to find ways to deal with human influence

in protected areas will become increasingly impor-

tant. Perhaps this overview of current park manage-

ment in Germany will encourage further thinking

about resource management in disturbed landscapes

and arouse interest in visiting our parks to see what

results the "best idea America ever had" has pro-

duced abroad. \zl
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A PROGRESS REPORT ON
U.S. AND INTERNATIONAL
BIOSPHERE RESERVES

By John G. Dennis

Biosphere reserves are internationally recognized terrestri-

al and coastal or marine areas where management seeks

to achieve sustainable use of natural resources while

ensuring conservation of the biological diversity of the areas. The

first biosphere reserves were designated in 1976 as part of the

United Nations Educational, Scientific, and Cultural

Organization's (UNESCO) Man and the Biosphere Program

(MAB). Biosphere reserves are nominated by national govern-

ments for inclusion in the world network of biosphere reserves.

Each nation's sites remain under the sovereign jurisdiction of the

nominating country. Today, a total of 391 biosphere reserves are

recognized in 94 countries. Of these, 47 are in the United States,

with 23 involving 30 units of the national park system (table 1,

page 18). Although in the past few years some people in the

United States have expressed concern that international recogni-

tion as a biosphere reserve could cause loss of private property

rights, such recognition is sought and obtained voluntarily by the

land manager, does not change land ownership status, and does

not reduce private property rights. In fact, 13 of the 99 land man-

agement units that are part of the 47 biosphere reserves recog-

nized in the United States involve some degree of non-govern-

mental ownership.

In 1994 the United States adopted a strategic plan for the U.S.

biosphere reserve program and fully participated when the inter-

national biosphere reserve program met in Seville, Spain, in 1995

to develop the Seville Strategy and the Statutory Framework of the

World Network of Biosphere Reserves. In 2000, the United States,

with a three-person delegation, was one of 46 countries that met

in Pamplona, Spain, to learn from each other's experiences in

implementing the biosphere reserve concept enunciated in the

Seville Strategy (figures 1 and 2).

Figure 1. Participants of the international MAB review meeting in

Pamplona, Spain, visited Bardenas Reales, a Spanish biosphere

reserve designated in November 2000. Shown are the author (left)

and Javier Castroviejo Bolibar, chairman of the Spanish MAB
National Committee.
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INTERNATIONAL ASSESSMENT
AT PAMPLONA

The Seville Strategy contains four broad goals: (i) to use bios-

phere reserves to conserve natural and cultural diversity; (2) to use

biosphere reserves as models of land management and sustainable

development; (3) to use biosphere reserves for research, monitor-

ing, education, and training; and (4) to integrate functions within

biosphere reserves and strengthen the world network. The

Pamplona review, organized into 10 concurrent work groups fol-

lowed by plenary sessions, assessed the progress of biosphere

reserves in integrating the four goals. As the NPS representative

for national park-related USMAB (United States Man and

Biosphere Program) issues, I participated in the Pamplona review

and will discuss the recommendations of the work groups.

RESEARCH AND MONITORING
One work group explored the success of biosphere reserves as

sites supporting international research and monitoring programs

using examples from Brazil, Indonesia, Canada, Egypt, United

States, and Sweden. The group's recommendations encourage the

MAB program to harmonize its research initiatives with several

international programs; encourage regional networks of biosphere

reserves to develop and adopt research and standardized monitor-

ing projects related to conservation and sustainable development,

especially at the landscape scale; and encourage biosphere reserves

to share results and incorporate the social sciences, local commu-

nities, and volunteers into their research and monitoring programs.

Figure 2. Located in

northern Spain

near the Pyrenees

Mountains,

Bardenas Reales

Biosphere Reserve

sustains high bio-

logical diversity

through a mosaic

of traditional land

uses such as graz-

ing and agriculture

and natural distur-

bances that diver-

sify habitat types.

SUSTAINABLE CONSERVATION
Presentations from Viet Nam, Czech Republic, and Egypt

formed the basis for discussion about the role of biosphere

reserves in conserving genetic resources and declining species.

Recommendations encourage engaging the scientific community

to inventory the potential for, and size constraints of, using bios-

phere reserves as gene pools of wild and domestic species;

involving both local interest groups and national governments

and science organizations in ensuring long-term sustainability

and local economic viability of the humans involved with the

reserves; and designing projects to rehabilitate degraded ecosys-

tems in ways that also have them serve as scientific underpin-

nings of multilateral environmental initiatives.

Examples from Kenya, Cambodia, Colombia, Argentina, and

Sweden provided models for discussions of land management

and sustainable development and a conclusion that more work is

needed to make biosphere reserves ideal, functioning models for

sustainable land, coastal, and marine resource management.

Recommendations for carrying out this work include: using

social science-based efforts to increase the active partnership of

local communities and nongovernmental organizations; develop-

ing information systems that incorporate traditional knowledge,

enhance information exchange among partners, and generate

technical approaches regarding land use and land tenure deci-

sions and conflict resolution in biosphere reserves; applying

clearly stated management objectives to integrating biosphere

reserves into regional plans and monitoring the success of bios-
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phere reserves in contributing to regional-scale sus-

tainable development; and publishing examples of

successful integration of biosphere reserves into their

broader regions.

Canada, Germany, Niger, China, Uganda, and

Argentina provided examples for examining possible

roles of biosphere reserves in helping to develop qual-

ity economies. Recommendations focus on three

broad themes. There is need to highlight the impor-

tance of sustainable economic and social development

and demonstrate approaches to achieving this devel-

opment, especially with respect to fostering diverse

agricultural activities. Economic activities must be

profitable, sustainable, and socially and environmen-

tally responsible. Efforts to develop new economic

activities should build on and complement existing

regional activities by drawing on special characteris-

tics of the region and its cultural identity and by creat-

ing and marketing brand names and symbols that

reflect the special character of the region.

TABLE 1.

UNITS OF THE U.S. NATIONAL PARK SYSTEM AND ASSOCIATED BIOSPHERE RESERVES

PARK UNIT BIOSPHERE RESERVE YEAR DESIGNATED,

EXTENDED

Big Bend National Park (TX) Big Bend 1976

Channel Islands National Park (CA) Channel Islands 1976

Denali National Park and Preserve (AK) Denali 1976

Everglades and Dry Tortugas National Parks (FL) Everglades & Dry Tortugas 1976

Glacier National Park (MT) Glacier 1976

Noatak National Preserve (AK) and

Gates of the Arctic National Park (AK) (part) Noatak 1976,1984

Olympic National Park (WA) Olympic 1976

Organ Pipe Cactus National Monument (AZ) Organ Pipe Cactus 1976

Rocky Mountain National Park (CO) Rocky Mountain 1976

Sequoia and Kings Canyon National Parks (CA) Sequoia and Kings Canyon 1976

Virgin Islands National Park (VI) Virgin Islands 1976

Yellowstone National Park (WY, MT, ID) Yellowstone 1976

Haleakala and Hawaii Volcanoes National Parks (HI) Hawaiian Islands 1980

Isle Royale National Park (Ml) Isle Royale 1980

Big Thicket National Preserve (TX) Big Thicket 1981

Redwood NP (CA) California Coast Ranges 1983

Congaree Swamp National Monument (SC) South Atlantic Coastal Plain 1983

Death Valley and Joshua Tree National Parks (CA) Mojave and Colorado Deserts 1984

Cape Lookout National Seashore (NC) and

Cumberland Island National Seashore (GA) Carolinian-South Atlantic 1986

Glacier Bay National Park (AK) Glacier Bay-Admiralty Island 1986

Golden Gate National Recreation Area and

Point Reyes National Seashore (CA) Central California Coast 1988

Great Smoky Mountains National Park (TN, NC) Southern Appalachian 1988

Mammoth Cave National Park (KY) Mammoth Cave Area 1990,1996

COORDINATION, COOPERATION,
AND COMMUNICATION

Presentations from Russian Federation, Estonia, Benin, and

United States provided the basis for an exploration of different

approaches for managing biosphere reserves that concluded that

coordination is the key function in managing biosphere reserves.

Recommendations focus on creating specific institutional mech-

anisms to support coordination, including (as key components)

a capacity to encourage participation and con-

sensus, the ability to integrate knowledge into

common projects, and the ability to speed the

flow of information. Additional recommenda-

tions encourage having the international bios-

phere reserve program develop guidelines for

creation, roles, and functions of these institu-

tional mechanisms.

Discussion of how to coordinate national

biosphere reserve networks drew on presenta-

tions from China, Canada, France, India,

Ukraine, Cuba, and Belarus that emphasized

that coordinating structures need dedicated support if they are to

achieve their functions of information exchange, project coordi-

nation and development, and fund-raising and advocacy. To

advance the functioning of biosphere reserves, the work group

recommended close coordination between individual biosphere

reserve coordinators and their national biosphere coordinating

structure; creation of an adequately supported human and finan-

cial structure at the time a biosphere reserve is nominated for

"Coordination is

the key function

in managing

biosphere

reserves.

international recognition; and international cooperation in fund-

raising and personnel exchanges as a means of helping foster

individual biosphere reserves.

Other participants examined ways for raising visibility and

support for the world network of biosphere reserves using case

studies from Madagascar, Morocco, Belarus, Argentina, and

Brazil. Broad discussions regarding communi-

cation, publication of success stories, impor-

tance of biosphere reserves for generating

income for local human populations, and the

coordination role of regional networks led to

six recommendations. Key points include

needs for guidelines on how to approach

potential donors to projects, for awareness-

raising mechanisms, and for increasing the

involvement of nongovernmental organiza-

tions in biosphere reserve activities designed

to bring biosphere reserves together.

An examination of the linkage of biosphere reserves to deci-

sion making at the national level drew on examples from Cuba,

Republic of Korea, Ecuador, Finland, and Germany and con-

cluded that the biosphere reserve concept is not yet well appre-

ciated at this level. Recommendations to improve this linkage

urge MAB national committees to demonstrate within the con-

text of their own national situations the added values that bios-

phere reserves bring in areas of social and sustainable develop-

fi
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ment, science, technical assistance, conflict resolution, capacity

building, and citizen participation in environmental concerns.

The recommendations also urge MAB national committees to

participate in developing national strategies for sustainable

development, promote biosphere reserves as places in which

nations can implement activities as part of international envi-

ronmental programs, and encourage international exchange

activities as a means of raising national awareness of and pride in

a nation's own biosphere reserves.

Presentations from Russian Federation, South Africa, Spain,

Egypt, Democratic Republic of Congo, and the MAB interna-

tional office supported an exploration of education, awareness

building, and training regarding biosphere reserves that devel-

oped themes concerning awareness of economic and social ben-

efits, information exchange regarding education and public

awareness, awareness of characteristics of recipient groups, need

to use a diversity of methods, and importance of two-way com-

munication. Recommendations evolving from these themes

include: connect biosphere reserves using information webs,

develop education and awareness programs to use two-way com-

munication involving diverse methods, and encourage biosphere

reserves to help develop environmental awareness and opportu-

nities for equitable sharing of benefits through activities that

bring together a wide range of participants and information

sharing actions.

PERIODIC REVIEWS NEEDED
Article 9 of the Statutory Framework for biosphere reserves

encourages countries to review each of their biosphere reserves

every 10 years. Presentations of review experiences in United

Kingdom, Indonesia, Switzerland, Argentina, Egypt, and Poland

showed the practical value of this process in helping nations

understand and improve the awareness, support, and function of

these dynamic conservation and sustainable use models.

Recommendations include using the review to ensure that bios-

phere reserves fulfill all three key functions of a biosphere

reserve: conservation, sustainable development, and support of

research, education, and training. Other recommendations per-

tain to actively involving in the review both local stakeholders

and multidisciplinary groups of experts through workshops and

field visits; stimulating development and use of new evaluative

indicators of success of a biosphere reserve; and sharing the

experiences of national reviews internationally to help other

nations conduct their own productive reviews.

ASSESSMENT AND
OPPORTUNITIES FOR

U.S. BIOSPHERE RESERVES
The Seville Strategy, Statutory Framework, and recommenda-

tions of the Pamplona review meeting together offer the world a

strong, interactive tool for exploring techniques to achieve envi-

ronmental conservation and sustainable development. The United

States Man and Biosphere Program, including the national park

system, has a large and well distributed number of sizable, active,

and in some places multiorganizational biosphere reserves. The

USMAB, again including the national park system, also has clear

examples of biosphere reserves that, in terms of the Pamplona

review, are failing to contribute research and monitoring, are focal

points for people who oppose any program affiliated with the

United Nations, are not viewed as models of sustainable develop-

ment, are lacking in effective coordination, are not supporting

quality economies, have not been reviewed, antagonize national

decision makers, and are failing to educate stakeholders about the

opportunities that biosphere reserves can bring to regions of the

United States.

The experiences reported by other nations at Pamplona offer

ideas for USMAB. The success of some U.S. biosphere reserves and

dysfunction of others suggest a need for USMAB to conduct peri-

odic reviews and to compare the results with those of other coun-

tries. Given other countries' experiences, a USMAB review likely

would reveal advantages U.S. biosphere reserves could gain by hav-

ing dedicated biosphere reserve coordinators, active and multior-

ganizational awareness programs, well developed research and

monitoring programs, and demonstration projects designed to

explore the characteristics, economic and conservation benefits,

and costs of sustainable uses of landscapes and to involve the

cooperation of public and private entities. Similarly, such a review

likely would identify steps that USMAB would need to take at both

national and local levels to make biosphere reserves productive

models of conservation and sustainable development. Many of the

steps this review likely would reveal would provide mechanisms for

implementing actions identified in the USMAB Strategic Plan for

the United States Biosphere Reserve Program. As USMAB moves

from the State Department to the USDA Forest Service and as it

undergoes a new self-evaluation, now is the time for it to apply its

Strategic Plan to make the U.S. biosphere reserves effective models

of conservation and sustainable development. [°)
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mangrove andfrigatebird

Populations in the

Dry Tortugas National Park is a remote enclave of

islands in GulfofMexico waters at the end ofthe

Straits ofFlorida notedfor its vintage Spanish-

Americanfort, colorful corals, and teeming tern

populations (figure i). In recent decades

researchers have observed ecological change

above the water line, notably the establishment of

a mangroveforest and nesting ofmagnificent

frigatebirds (Fregata magnificens).
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Figure i. Located yo miles (114 km) west of Key

West, Florida, Dry Tortugas National Park is

known for its massive Spanish-American fort,

coral reefs, and colonial seabirds. The man-

groveforest and seabird surveys were conduct-

ed on Bush and Long Keys (background); Fort

Jefferson is located on Garden Key (foreground).

Background
Historically, the Tortugas shoals have been valued as an

important military outpost and nesting ground for

diverse seabirds. The notoriety of these islands was

gained from mariners and naturalists alike, most notably

John James Audubon, famed artist and ornithologist,

who frequented the area in the mid-i8oos to observe the

rich bird life. The Dry Tortugas was declared a national

treasure and bird sanctuary as early as 1908 and incorpo-

rated into the national park system in 1935.

The Carnegie Institute maintained a remote marine

laboratory on Loggerhead Key at the turn of the last cen-

tury (i.e., 1900) where many scientific studies of bird and

marine life were conducted. In the volumes of historical

biological investigations, mangroves and the magnificent

frigatebird are of little note. Naturalist John Henry Davis

mapped the vegetation of the Dry Tortugas in 1935 and

observed the conspicuous absence of mangroves that

were ubiquitous in the nearby Marquesas atoll and all

other keys of the Straits of Florida. Davis planted thou-

sands of red mangrove (Rhizophora mangle) propagules

that persisted as seedlings a few years but ultimately

failed to take permanent root. In recent years, healthy

populations of mangroves and frigatebirds have natural-

ly colonized Long and Bush Keys (figures 2 and 3).

raHB
Figure 2. Absent on the Dry Tortugas in 1935,

mangroves are now flourishing on Bush and

Long Keys.

«#***

We conducted a historical and ecological

survey of mangrove colonization of the Dry

Tortugas to determine forest age

tree growth, and stand structure of

these islands. Published

accounts and both ground and

aerial photography provided a

reasonable chronicle of man-

grove establishment in shoal

sections of Long and Bush

Keys, islands adjacent to his-

toric Fort Jefferson and Garden

Figure 3. First

documented nesting

on the Dry Tortugas in

1988, magnificent frigate-

birds are now common
nesters, their breeding suc-

cess linked to the surge in

mangrove vigor of the past

several decades.
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Key (figure 4). Presently, robust populations of mangrove

trees of all three neotropical species, black mangrove

{Avicennia germinans (L.) Stearn), white mangrove

{Laguncularia racemosa (L.) Gaertn.f.), and red man-

grove thrive on these keys. In the fall of 1995 and 1997, we
measured tree size and density by species in fixed circular

plots of mangrove habitat on Bush and Long Keys. We
collected surface and soil water samples to characterize

the salinity, pH, and nutrient concentrations for each site.

Porewaters were extracted at three depths (5, 15, and 25

cm [2, 6, and 10 in]) below the soil surface using a sipper

tube and syringe by vacuum suction.

Review ofhistoric seabird surveys
Ornithologists and park staff have provided bird

counts on these islands fairly continuously since the early

expeditions by Audubon in the 1830s. Frigatebirds have

been observed on this site for most of the 20th century

either roosting or feeding but only recently confirmed as

nesting in the area. We observed nesting frigatebirds

perched in the most developed mangrove stands (> 15 m
[50 ft] in height) along the extended shoal of Long Key.

This colony is thought to have migrated from previous

nesting grounds in the Marquesas atoll (32 km or 20 mi to

the east) circa 1988-89. The first nestlings at the Tortugas

were observed in the spring of 1988 from a total nest

count of 9 breeding pairs. By 1993 the nest count had

increased to 70 breeding pairs. In recent years, the popu-

lation has ranged between 50 and 100 breeding pairs.

As we discovered, Bush Key has undergone much shore-

line erosion on its north end as evidenced from recent aer-

ial photography compared with historic photos and maps

taken from Davis (1942). A brown pelican (Pelecanus occi-

dentalis) roost in the remaining mangrove trees on the

north end of Bush Key may be hastening the death of these

trees along with loss of substrate from beach erosion (fig-

ure 5). The red and white mangrove trees along this beach

were once established around interior ponds in the center

of the island and have grown to 20-25 cm (8-10 in) diame-

ter at breast height (dbh) over the last 50 years. We did not

take any plot data at this site because of the degraded con-

dition of the trees and forest. Red mangrove saplings are

colonizing the understory and edge of the surviving emer-

gents inside the beach dune, but many are extremely

chlorotic (yellowish in appearance due to lack of green

chlorophyll) and dying from high concentrations of phos-

phate and nitrate accumulated from unflushed pelican

guano. Early Carnegie Institute studies on these pond sys-

tems around 1900 document the presence of sapling-size

red and white mangrove recruits. The largest trees might

approach 100 years but are no older at this site.

Forest surveys
We established forest plots on the east end of Bush Key

in a mixed mangrove stand of all three species: red, white,

and black mangrove (see figure 4). The largest canopy

trees approached 14 cm (6 in) dbh and 7.5 m (25 ft) in

height and are estimated to be about 25 years of age.

Internode measurements (i.e., length of stem between

leaf scars) of understory red mangrove saplings indicate

that they are growing well despite shade conditions and

nominal organic soil atop coarse coral debris regularly

inundated by saline Gulf water. We found nutrient levels

(nitrate and phosphate) in the interstitial water at this site

to be comparable to lagoonal concentrations and signifi-

cantly greater than open Gulf waters. Unlike northern

Bush Key where accumulated pelican guano may be

detrimental to mangrove health, eastern Bush Key and

Long Key are tidally flushed so that the nutrient input of

nearby bird colonies is effectively diluted and provides

fertile growing conditions for the mangroves.

We also documented tree plots on the north and south

ends of Long Key in a fairly large stand of mixed mature

mangroves of all three species (see figure 4). The largest

and tallest trees, 25 cm (10 in) dbh and 15 m (49 ft) in

height, respectively, were central in the stand; however, we
did not measure them in order to minimize stress of fledg-

ling frigatebirds. This stand resides in the vicinity of

Davis's failed red mangrove plantings of the early '40s.

Personal accounts and dated aerial photography confirm a

stand age of 50 years or younger. Twin hurricanes in the

mid-40's and 6o's were among the most intense to hit the

Tortugas in the 20th century, scouring island vegetation,

shorelines, and park infrastructure. The natural coloniza-

tion and success of all three mangrove species over the last

few decades onto coral wrack under such exposed and

harsh saltwater conditions surprisingly compares with the

growth and stature of mainland populations of riverine

mangroves in brackish waters of Everglades National Park.

The added nutrient input of a resident frigatebird colony

into lagoonal waters may be augmenting the growth rate of

mangroves as evidenced in accelerated height-growth rela-

tions of decade-old saplings. Growth rates, based on

internode elongation follow seasonal patterns that allow

aging of yearly flushes. Increased elongation patterns fol-

low the 1989 growth year that may be concomitant with

nesting history and water quality changes from input of

frigatebird guano. Nutrient analyses of collected water

samples demonstrated orders of magnitude differences in

nitrate and phosphate concentrations in the vicinity of

frigatebird and pelican roosts than in adjacent beach and

lagoonal waters (figure 6). These results indicate that

seabirds that depend on mangroves for nesting and roost-

ing also increase nutrients in surrounding soils and waters

that in turn may enhance mangrove photosynthesis and

water use efficiency, resulting in enhanced growth.
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the establishm angrovefores

Figure 4. Historic photos and contemporary aerial images of Bush

and Long Keys helped the researchers reconstruct the history ofman-

grove colonization at Dry Tortugas. Arrows denote the locations of

the tree plot survey sites on the east end ofBush Key (bottom left,fore-

ground) and south ends ofLong Key (top, background).
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Hurricanes
Hurricanes may also have played

a critical role in determining the

long-term success of mangrove

colonization in the Tortugas atoll.

Historical accounts of early

explorers, lighthouse keepers, and

military correspondence refer to

the presence of mangroves, bush-

e current risk of c

mangrove habitat a

colonial waterbirds

Figure 5. Large man-
groves on the north end of

Bush Key are succumbing

to a combination ofbeach

'erosion and increased

concentrations of phos-

phate and nitrate from
the accumulated drop-

pings of roosting pelicans.

es, and trees (or the lack thereof)

dating to the mid-iyoos. Accounts

of hurricane impact by island residents and mariners

demonstrate the vulnerability of these exposed low-relief

islands to violent storms and erosion of emergent vegeta-

tion. The relatively small size and open exposure of these

islands to sea conditions and hurricane impact may explain

the recurrence of mangroves in years after an extended

absence of storms. In contrast, the destruction and paucity

of mangroves following major hurricanes is pronounced.

Summary
Our study documents the recent natural colonization

of mangroves and nesting frigatebirds at Dry Tortugas

National Park. Affected by many factors, the dynamic

process illustrates both the fragility and resilience of this

subtropical maritime system. The period between major

hurricanes, notwithstanding human harvesting of man-

groves for fuelwood, may allow mangrove recruits the

opportunity and time to develop sufficient size and den-

sity to colonize the islands and to attract frigatebirds

dependent on mangroves for nesting. The current risk of

destruction of the prevailing mangrove habitat and nest-

ing sites for colonial waterbirds remains high because of

island exposure and vulnerability to hurricane winds and

surge. The probable interaction of breeding bird popula-

tions on mangrove community development and decline

poses an interesting research question for Dry Tortugas

National Park and associated wildlife refuges of the

Florida Keys. Finally, the increased nutrient loading

potential of island substrates from bird guano appears

sufficient to stimulate stem growth of mangroves and

may also be affecting other natural and cultural resources

not investigated in this study. [^
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Figure 6. Graph showing relatively high concentrations (micro-

moles) ofphosphate and nitrate at the Long Key and Bush Key study

sites, attributed to magnificentfrigatebird and brown pelicanguano.
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Backcountry water quality in

TIONAL PARK

DNA analysis helps identify sources of fecal coliforms

By Niki Tippets, Susan O'Ney, and Dr. Aida M. Farag

Over the past several decades, visitor use of the backcountry areas of Grand Teton National Park

(Wyoming) has dramatically increased. The water quality of clear, sparkling mountain streams and

lakes is being impacted by concentrated recreational use where, because of the potential for future

wilderness designation, no restroom facilities are available. Park officials are concerned about the

impacts that these activities have on water quality, and that the consumption of untreated water from

these areas may pose a hazard to human health.

Figure i. Backcountry use ofGrand Teton National Park, Wyoming, has dramatically increased in recent

years, resulting in water quality degradation of creeks and streams and causing management concern.

BACKGROUND
Fecal coliforms reside in the intestines of warm-

blooded animals, including humans, and are excreted in

waste materials. The presence of high numbers of these

bacteria in surface waters (creeks and streams) may
indicate that unsanitary conditions exist that may pose

human health concerns. Coliform counts and species

of fecal streptococci were identified in water samples

collected from the backcountry in Grand Teton

National Park in the mid-1970s (McFeters 1975, Stuart et

al. 1976). Similar studies in streams of the Sierra Nevada

in California in the 1980s (Suk et al. 1987) detected

decreased water quality in backcountry areas with

extensive human presence when compared to other

areas with minimal human presence. Grand Teton

National Park personnel (Mark Magnuson, NPS, per-

sonal communication) also identified high concentra-

tions of unknown bacteria in the early 1990s. This evi-

dence led resource managers to the belief that the back-

country surface waters of Grand Teton should be evalu-

ated more thoroughly by using recently developed tech-

niques previously unavailable to the earlier investiga-

tors. The new techniques analyze DNA to determine

the mammalian source of the fecal coliform

(Samadpour et al. 1993, Samadpour et al. 1994). With

this additional information, natural resource managers

would be able to evaluate specific sources contributing

to resource degradation (i.e., duck, bear, raccoon,

human), and more effectively formulate policies and

procedures to address the problem.

In 1996, Grand Teton National Park, the NPS Water

Resources Division, and the third author cooperatively

designed and initiated a backcountry water quality

study in the park. Initial funding for this project was

provided by the NPS Water Resources Division with

later funding from the NPS Recreational Fee

Demonstration Program. Because Escherichia coli (E.

coli) is prevalent in nature, we used it to identify the

source of fecal coliforms. While fecal coliforms are not
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Figure 2. Biological Technician Karin McCoy collects a water sam-

ple in Grand Teton National Park as part of a water quality study

begun in 1996. The informationfrom the study provides a baseline

ofpark water quality and is helping managers design appropriate

solutions to water quality problems.

necessarily pathogenic, they are frequently associated

with and may indicate hazardous disease organisms.

The Environmental Protection Agency developed water

quality standards for levels of E. coli in recreational

waters based on specific levels of risk of acute gastroin-

testinal illness. The recommended steady state geomet-

ric mean value is 126 E. coli per 100 milliliters of water

(USEPA 1986). On a few occasions, Grand Teton' s

waters exceeded this limit, but on average they were

well below this number. Our objectives for the study

were to (1) establish baseline conditions of park back-

country surface waters to be used as a tool for measur-

ing future changes, and (2) evaluate the effects that

backcountry users may be having on the water quality

of selected backcountry streams.

METHODS
We collected water samples following the methods

suggested by Suess (1982). In the early years of the study,

a local contractor completed the laboratory analyses. In

1999 the public health officer, John Collins, of the NPS
Intermountain Region generously donated equipment

to the park, allowing us to complete lab work on-site.

We filtered and incubated samples

for analyses of fecal coliforms using

the membrane filter (MF) procedure

described in Standard Methods

(APHA 1992). We selected positive

fecal coliform colonies and sent

them to Dr. Mansour Samadpour,

University of Washington, for analy-

sis of the E.coli isolates. He per-

formed genetic fingerprinting using ribosomal RNA
typing on each E. coli isolate. These patterns or DNA
types, referred to as ribotypes, were then used to match

specific strains of E. coli from water samples with ribo-

types from known, potential sources. Dr. Samadpour

maintains a ribotype database from source samples col-

lected around the country. This facilitates the positive

identification of the coliform source, especially human
versus nonhuman origins.

THE STUDY
The third author implemented the study under con-

tract during the summers of 1996 and 1997 (Farag 2001)

with initial investigations focusing on surface waters of

Avalanche, Garnet, and Cascade Canyons. In 1998, the

first author assumed management of the project,

expanding it into additional backcountry areas. The

park has continued to collect data annually. In 2001, the

second author took over the study.

In 1996 and '97, we found fecal coliforms in two of the

three canyons investigated. Through DNA analysis (or

source tracking) we determined that a variety of wildlife

contributed fecal coliforms to the waters. In Cascade

Canyon, some of the fecal coliforms were of human ori-

gin. In 1998, we also found human fecal coliforms in

Paintbrush, Cascade, Bradley, and Avalanche Canyons.

In 1999, as the study expanded, we found human fecal

coliforms in Avalanche, Leigh, Upper and Lower Death,

Lower Granite, and Hanging Canyons, at Guide's Wall

and Hidden Falls, in Glacier Gulch, at Taggart Lake, and

again in Cascade Canyon.

In 2000, we again detected human coliforms in

Cascade Canyon, as well as an increase in the number

of human coliforms identified in Granite, Death, and

Open Canyons. Additional samples were collected near

several grazing and boat launch areas within the park to
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evaluate the impact of livestock and other activities on

surface waters. We found a high number of bovine,

bison, and horse coliforms at these additional sites,

much as we expected.
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In Cascade

Canyon, some of

the fecal coliforms

were of human
origin.

IMPLICATIONS
Many of the waters in Grand Teton National Park are

identified as Class I areas under the Clean Water Act of

1977 and therefore further water quality degradation is

prohibited. The data collected in this study are helping

to establish baseline col-

iform levels for backcoun-

try water quality. They will

also help managers deter-

mine the effects of

increased backcountry use

on the quality of park sur-

face waters. This informa-

tion can be used to guide

decision making related to the location of camping

zones, limitations on backcountry use, and designing

educational programs for park visitors.

Based on study results, resource managers at Grand

Teton National Park have recommended that an evapo-

ration-style toilet facility be installed at the base of

Cascade Canyon. This site sustains intense use and is

visited by an estimated 90,000 people per summer. Park

management is currently evaluating the appropriate-

ness, feasibility, and associated costs of this facility and

other options, including area use limits. Grand Teton

National Park utilizes a resource council to conduct

preliminary reviews of proposed projects. The council

will determine any additional planning required for

compliance with the National Environmental Policy

Act. The installation of a toilet facility in Cascade

Canyon may be tiered to the development of a back-

country management plan, currently under review.

Managers will have to weigh the concerns associated

with human waste disposal in the backcountry in order

to make their decision. These include human health

problems as a consequence of either direct contact or

contamination of drinking water, aesthetic concerns of

visitors who find improperly disposed of human waste,

and the conflict posed by the installation of structures

in a wilderness management area. Once management
has chosen and implemented a course of action, we will

continue monitoring surface waters at Cascade Canyon
to assess the effects of the action on water quality. &,
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Songbird monitoring in the
Golden Gate National Recreation Area:

A MULTIFACETED TOOL FOR GUIDING
THE RESTORATION OF REDWOOD CREEK

By

Thomas Gardati, Carolyn Shoulders, Daphne Hatch,

Aaron L. Holmes, Sandra E. Scoggin, and Geoffrey R. Geupel

The goal of many habitat restoration and management proj-

ects is to restore ecosystem function. Yet a paucity of basic

ecological information exists for land managers to use in

designing projects. Armed with such information, managers

would have a "head start" toward achieving their goal.

Additionally, effective restoration suffers from the difficulty of

measuring success and the lack of informational means to make

improvements.

Restoration of Redwood Creek, Golden Gate National Recrea-

tion Area (GGNRA, fig. i), is currently under way thanks to fund-

ing from the National Park Service Recreational Fee Demonstra-

tion Program. One of the first steps is the large-scale removal of

GGNRA's highest priority exotic pest plant, cape-ivy (Delairea

PRBOT
San

Francisco

CONSERVATION THROUGH SCIENCE

Figure 1. Location of the restoration site at Redwood Creek and
the reference site at Lagunitas Creek, both in Golden Gate

National Recreation Area, California.

odorata). Cape-ivy is a fast growing, nonnative vine that blan-

kets native plants (fig. 2), diminishes plant species richness,

reduces structural diversity, and may reduce recruitment of

light-dependent species such as red alder (Alnus rubra) trees

in the riparian zone.

As part of GGNRA's broader efforts to monitor songbirds,

- we have been studying the songbird community in Redwood

Creek since 1997. We have found that songbird monitoring is

a valuable tool because we can (1) examine the effect of nonnative

plants on the bird community, (2) assess the immediate effects of
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the restoration activities (i.e., disturbance created by removing of

cape-ivy) on the songbird community while (3) simultaneously

providing specific information on the habitat requirements of a

diverse and healthy songbird community, (4) provide a practical

means of measuring the success of the restoration project, and (5)

act as an information feedback loop to refine and improve

restoration and management (i.e., adaptive management).

To illustrate the utility of songbird monitoring for restoration

and management programs we present preliminary results and

specific recommendations based on three years of study.

CAPE-IVY REMOVAL AT REDWOOD CREEK
Redwood Creek is a coastal California stream that flows

through Muir Woods National Monument into a relatively unde-

veloped valley and eventually into the Pacific Ocean, Marin

County, California. To the millions of casual visitors

who travel along Redwood Creek on their way to or

all roots must be grubbed out and removed from the site. To find the

extensive roots on a densely vegetated site, the site must be cleared

to expose the ground surface (fig. 3). Therefore, the removal method

employed at GGNRA entailed "brushcutting" all herbaceous vege-

tation on a site, then raking it up. Roots of native species, such as

blackberry (Rubus ursinus), thimbleberry (Rubusparviflorus), hedge

nettle (Stachys chamissonis), and others were left undisturbed, but

roots of cape-ivy were raked up or grubbed out by hand. Since cape-

ivy resprouts quickly, roots that first escaped notice typically

resprouted with only slight fog drip or light rains, making easy the

task of finding and pulling them before the site was naturally reveg-

etated. Initial clearing, cutting and raking required six weeks for an

eight-person Marin Conservation Corp crew. However, follow-up

removal of cape-ivy resprouts continued almost weekly for the fol-

lowing nine months.

To date, vegetation data from transects on both

removal and control areas show cape-ivy removal has
[To eradicate

from Muir Woods, the riparian corridor of willows cape-IVV,] all TOOtS been very successful, virtually eliminating the plant. The

must be grubbed

out and removed

&***%

(Salix spp.) and red alder trees might appear to be well protected

and "wild." However, the valley has a history of various land uses

including grazing and row crop agriculture and is currently

threatened by the highly invasive cape-ivy.

Cape-ivy is notoriously persistent in its growth habit, and within

the last 12 years data have shown that cape-ivy alone now makes up

approximately 40% of the vegetation cover along the creek. Cape-

ivy will resprout from the tiniest piece of root, stem, or even leaf.

This eliminates mere cutting as a viable control mechanism. Instead,

Figures 2 (before, left) and 3 (after, above). Habitat restoration

took place along Redwood Creek in Golden Gate National

Recreation Area, Marin County, California, where cape-ivy—

a

persistent invasive plant species—blankets native vegetation.

Able to resprout from root, stem, or leaf, cape-ivy must be com-

pletely removed, exposing the ground surface, and any remain-

ing vegetation raked up. photos by carolyn shoulders.

natural appearance of the site rebounded immediately in the first

growing season, with rooted native species growing well. Three years

after removal, native plant species have recovered to numbers close
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to those measured before removal. However, other

exotic species, particularly nonnative grasses, as a

group, may be establishing at a level of cover sim-

ilar to that of cape-ivy's before its removal.

Further restoration of Redwood Creek is indi-

cated. Specifically, locally cultivated native plant

species will be planted in areas where the non-

native grasses have become established after cape-ivy removal.

These plantings will augment the existing riparian vegetation,

speed recovery efforts, and have the potential to shade out the

nonnative grasses.

SONGBIRDS AS INDICATORS
There are many reasons why songbirds are excellent indicators

of ecosystem health and therefore ideal organisms for guiding and

measuring management and restoration. From a practical stand-

point, songbirds are relatively easy and cost-effective to monitor-

few other taxa announce their presence in song each spring mak-

ing detection an easy endeavor. In addition, researchers using

songbird monitoring protocols and analyses benefit from the

existence of nationally standardized programs and guidelines that

aid in repeatability and interpretation of results (e.g., Ralph et al.

1995, Martin et al. 1997, Nur et al. 1999).

From a biological perspective, songbirds serve as sensitive indi-

cators of environmental health because of their high metabolic

rate, abundance, and distribution within and across habitats, and

relatively high position in the food chain. For example, songbirds

are sensitive to changes in food supply, vegetative cover, and pred-

ator densities. With songbird studies, we have the advantage of

being able to monitor changes at the community (versus single-

species) level due to the ease of detection.

For all of these reasons songbirds are nearly ideal study organ-

isms to track the dynamics of natural cycles and anthropomor-

phic (e.g., restoration and management) changes within an

Songbirds are excellent

indicators of ecosystem

health and therefore

ideal organisms for

guiding and measuring

management and

restoration.

Figure 4. Swainson's thrush was one of three

songbird species documented nesting in the

native vegetation (lady fern), copyright ian c. tait.

ecosystem and may provide early warning signals

of more broad-scale environmental change.

Songbird monitoring, however, does not pre-

clude monitoring of other targeted species or

measures of ecosystem function. At Redwood Creek, the national

recreation area also monitors federally threatened coho salmon

and steelhead populations as well as stream flow and changes in

channel morphology.

MONITORING TECHNIQUES
The primary field techniques we employed, point counts and

nest monitoring, have been extensively used in bird studies (Martin

and Geupel 1993, Ralph et al. 1995). Both methods possess a com-

ponent of vegetation assessment that is done around the census

station for point counts and the nest site for nest monitoring.

With the point count method it is possible to study the long-

term and annual changes of bird populations, differences in

species composition between habitats, and assess breeding status

and relative abundance of species. One objective of point count

vegetation assessment is to relate the changes in bird composition

and abundance to differences in vegetation. These vegetative

changes can either be over time or differences between habitats

or study sites.

Nest monitoring provides direct information on repro-

ductive success and the local habitat conditions that facilitate

maintenance of viable populations, thereby providing specific

vegetation information that can be used by land managers.

Examination of nests also allows collection of life history data

(e.g., clutch size, number of broods, numbers of nesting attempts)

that provide important insight into "vulnerability of species to

decimation or perturbations" (Martin and Geupel 1993).
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RESULTS AND RECOMMENDATIONS
To assess the effects of the disturbance associated with cape-ivy

removal, we compared bird species richness, diversity, and rela-

tive abundance from data collected before and after removal. We

used a nearby creek, Lagunitas Creek, as a reference site. We

found that songbird diversity (number of bird species weighted by

abundance), richness (number of bird species), and relative

abundance increased significantly from the breeding season

before ivy removal to the breeding season after removal. Changes

in these indexes at our reference site were also positive, although

not significantly so. These preliminary findings show that there

did not appear to be a negative impact to the songbird communi-

ty resulting from cape-ivy removal. In fact, we observed three

species of songbirds (Swainson's thrush, Wilson's

warbler, and song sparrow) nesting in the vegeta-

tion that grew post-ivy removal (fig. 4).

Additionally, many different species used cape-ivy

removal areas for foraging and defended them as

part of their nesting territory.

Management and restoration activities cannot

avoid some disturbances to plants and animals.

Indeed, successful cape-ivy removal requires

pulling most of the understory plant species (see

previous discussion and figs. 2 and 3). Minimizing

these disturbances requires knowledge of the basic

life histories of various taxa. For songbirds, the

breeding season is a critical period and avoiding

planned disturbance events during peak activity is

desirable. Using data of the mean range of date of first egg laid and

assuming that most songbirds require at least one month to raise

and fledge young, we showed that the breeding season begins

approximately mid-March and extends into mid-August. This

range, for a given local area, should be taken into account when

planning management activities, with particular attention given to

avoiding disturbance during the peak of the breeding season.

In order to guide future restoration efforts for Redwood Creek,

we examined structural and floristic vegetation characteristics

that may influence bird species diversity, abundance, and nesting

success. The following are some of the recommendations we

made based on results from bird-habitat analyses (see annual

reports Gardali et al. 1999, Holmes et al. 1999, Scoggin et al 2000).

RECOMMENDATIONS
Increase tree species richness (e.g., by planting red alder, willow,

and California bay in suitable areas).

Small and total red alder trees showed a positive influence on the

nesting success of song sparrows and Swainson's thrushes. Large

California bay trees positively influenced the nesting success of Wilson's

warblers. Willows were important nest substrates for 12% of all nests

sampled (n - 421) and were predominandy used (-50%) by black-head-

ed grosbeaks and warbling vireos. The abundance of warbling vireos,

Pacific-slope flycatchers (e.g., fig. 5), Wilson's warblers, and black-head-

ed grosbeaks were positively associated with tree species richness.

We found that song-

bird diversity, richness,

and abundance

increased significantly

from the breeding

season before ivy

removal to the

breeding season

after removal.

Plant tree species to restore riparian forest structure.

California bay should be planted where the upland (mixed

hardwoods) grades into the riparian forest. The mean number of

bays around successful Wilson's warbler nests was 2.5 and only

0.37 for unsuccessful nests. Thus, "shrubby" willows should be

planted in patches (clumps) in wet areas or areas that flood (or

have the potential to flood). Concentrated plantings will create

usable habitat quickly while at the same time mimic the natural

establishment of vegetation after scouring or soil deposition from

a flood (PvHJV 2000). To recreate currently occurring red alder

densities, the red alders should be planted at varying intervals

(from 1-25 m or 3.3-82 ft) but at an average of 6-7 m (6.37 m ± 1.14 m
or 20.9 ft ± 3.7 ft; n = 25 nests). This will also allow space for the

propagation of understory plant species (see fol-

lowing discussion). Successful song sparrow nests

had a mean of 4.5 red alder trees within 11.3 m (37

ft) of the nest while unsuccessful nests had 1.5.

Plant understory species in suitable and appropri-

ate areas to restore riparian forest structure and

increase foliage (e.g., California blackberry, willow,

sword fern, lady fern, and red elderberry were

important nesting substrates for many species).

Bird species diversity was positively associated

with a diverse shrub structure. Therefore, under-

story species should be planted below existing tree

canopy where removal of nonnative plant species

has occurred and in between new tree plantings. In

general, sword fern grows in the upper, dryer areas

while lady fern is found more commonly at the stream edges or in

the floodplain. California blackberry occurs throughout the

watershed as large patches in forest openings and as dense "mats"

below tree canopy.

Promote system-wide high structural diversity.

As supported by this study, the presence of early to late succes-

sional stages of riparian woodland systems has been identified as a

key feature for the successful management of riparian bird commu-

nities (PvHJV 2000). For example, warbling vireos prefer to establish

territories in areas with large trees but have higher nesting success

when nest placement is lower in smaller trees. The importance of

1.0

n=14

12 3 4

Number of Tree Species

Figure 5. Tree species richness related to mean Pacific-slope

flycatcher abundance.
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small red alder trees for both song sparrows and Swainson's thrush-

es suggests improved productivity in early successional habitats.

Manage or create wide riparian corridors that approximate

wo meters.

Abundance of warbling vireos (e.g., fig. 6), Swainson's thrush-

es, and common yellowthroats were positively correlated with

width of the riparian corridor.
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Figure 6. Warbling vireo abundance related to mean riparian

corridor width.

Remove nonnative plant species

Nonnative plant species may decrease structural diversity by

decreasing plant species richness. Structural diversity is an

important habitat characteristic for reproductive success and

bird species diversity and abundance. Shrub species diversity and

structural complexity had a positive influence on bird species

richness and diversity.

Protect and restore adjacent upland habitats.

Upland areas adjacent to riparian corridors may be of critical

importance to the maintenance of healthy bird populations.

Some species may benefit from a contiguous transition from low-

land riparian to upland mixed hardwoods or coastal scrub. For

example, we may interpret the positive relationship between

Wilson's warbler nest success and California bay as testimony to

the importance of adjacent habitats.

CONCLUSIONS
Land managers need many tools to repair and manage

ecosystems. Restoration challenges such as cape-ivy removal

benefit from the immediate feedback and the long-term plan-

ning information that songbird monitoring can supply.

Additionally, monitoring can be supplemented with specific

research questions to further assess restoration activities as well

as investigate other processes that may limit populations of

birds and other wildlife. As our preliminary results and recom-

mendations have shown for Redwood Creek, songbird monitor-

ing has the potential to contribute greatly to the informational

needs of resource managers. [^
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Northeast parks' regional strategy to

control
SUPPORTED BY U.S. DEPARTMENT OF AGRICULTURE

By Kathleen Kodish Reeder and Brian Eick

In
October 2000, jointly managed Allegheny Portage Railroad National Historic Site and Johnstown Flood

National Memorial received $100,000 from the U.S. Department of Agriculture's Animal and Plant Health

Inspection Service emergency funds to support knotweed control spearheaded by these parks. Natural resources

in both parks have been threatened by Japanese knotweed (Polygonum cuspidatum Siebold and Zucc.) and giant

knotweed (Polygonum sachalinense F.W. Schmidt ex Maxim.) (fig. 1). Working with local

conservancy groups, The Pennsylvania State University, and federal and local government

agencies, the parks are facilitating the development of a coordinated strategy to control

both species of this invasive, exotic weed throughout the Conemaugh River watershed.

Figure 1. Identifying effective control measures for giant knotweed became a high priority as the

plant began invading major sections ofJohnstown Flood National Memorial and Allegheny Portage

Railroad National Historic Site. Left untreated, giant knotweed can grow 8-12 feet in height, blocking

views of historic resources and access to trails.

KNOTWEED CHARACTERISTICS
As with many nonnative plants, the introduction of

knotweed was based on good intentions. Anecdotal evi-

dence indicates that knotweed was first planted in

southwestern Pennsylvania as a soil stabilizer on coal

tailings piles and other mining lands in the first half of

the 1900s. However, because the plants can spread

through their rhizomes (or rhizome fragments) and by

seed, they can easily invade disturbed soils, such as

riverbanks scoured by flooding, or landscapes altered by

construction or mining. Once established, both species

of knotweed are extremely persistent.

The most prevalent, and problematic, species in the

two parks is giant knotweed, which is rapidly invading

the riverbank of the historic lakebed at Johnstown

Flood National Memorial. If not controlled, the plant

(capable of growing 12 feet high) will have an impact on

visitor use by blocking views of historic resources and

access to trails. Before treatments were begun,

knotweed occupied a combined total of approximately

35 acres in the two parks. If it spreads until the entire

riverbank is lined with large, dense stands, giant

knotweed will significantly reduce native plant diversity

and degrade the quality of wildlife habitat.

VOLUME 21 • NUMBER FALL / WINTER 2001 33



DEVELOPING A CONTROL STRATEGY
Realizing in 1995 that controlling the pervasive

knotweed would require a comprehensive, long-term

strategy, the parks developed a program based on three

goals: (1) obtaining an understanding of the plant's

reproductive ecology in order to reduce invasions; (2)

developing an integrated pest management plan based

on proven treatment methods; and (3) promoting

regional awareness of knotweed and effective control

measures.

To obtain information about the reproductive ecology

of both knotweed species, the National Park Service

funded a two-year study by Amy Niewinski and Dr.

Todd Bowersox at The Pennsylvania State University

School of Forest Resources. The research report, issued

in 1999, indicated that the giant and Japanese knotweed

populations sampled have the potential to produce

viable seeds (Niewinski, A. T, T. W. Bowersox and L. H.

McCormick. 1999. Reproductive ecology of giant

(Polygonum sachalinensis) and Japanese (Polygonum

cuspidatum) knotweed. National Park Service

Technical Report NPS/PHSO/NRTR-00/079. University

Park, PA. 37 pp. ). The seeds, which have no dormancy

requirement, remain viable in the seedbed and are capa-

ble of establishing new, perennial populations. Non-

shaded locations that are free of a well-developed leaf

litter provide the best potential for seedling establish-

ment. Conversely, knotweed is unlikely to become

established in forested ecosystems with sufficient

amounts of shade and abundant leaf litter.

TEST TREATMENT
Unfortunately, information about eradication treat-

ments was inconsistent. The National Park Service,

therefore, funded research by Drs. Larry McCormick
and Todd Bowersox (McCormick, L. H., and T.W.

Bowersox. 1998. Eradication and control of Japanese

knotweed at the Staple Bend Unit, Allegheny Portage

Railroad National Historic

Site. Penn State School of

Forest Resources, University

Park, PA. 15 pp.) to develop

an effective method of elim-

inating knotweed while

allowing the establishment of native plant species. The

two-year study, begun in 1996, revealed that two herbi-

cides, glyphosate and imazapyr, are effective in control-

ling knotweed. However, imazapyr readily treavels to

the roots of non-target vegetation. In other words,

imazapyr would kill trees adjacent to the treatment areas

even if those trees were not directly sprayed. Glyphosate

will not kill plants that are not directly sprayed. The

parks, therefore, chose to base their integrated pest

management plan on using glyphosate.

The herbicides glyphosat

and imazapyr are effective

controlling knotweed.

Figures 2, 3, and 4 (top to bottom). These three photos represent the

three major stages in treating a targeted area in the Staple Bend

Tunnel Unit of Allegheny Portage Railroad National Historic Site. The

pre-treatment view (top) features knotweed emerging in spring (May

1998). The post-treatment view (middle) of the same scene, taken a

year later, illustrates the effectiveness of the herbicide treatment in

preventing the return of knotweed. The third photo in the series

shows that by August 1999, native pioneer plant species, mostly pile-

wort, were able to flourish once the knotweed had been eradicated.
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During spring and late summer 1998, the researchers

tested the effectiveness of a foliar application of 4%
glyphosate with a surfactant in water on a three-acre

site that was completely cov-

ered by giant knotweed (see

fig. 2). By the subsequent

spring, there had been a 97%
reduction in the number of

adult plants. In July, surviving

adult plants were treated

with an application consist-

ing of 4% glyphosate in

water. Monitoring in

September 1999 revealed that

no adult plants had survived

and knotweed seedlings

comprised less than 1% of

the cover (see fig. 3).

Most encouraging of all,

native plant germination in

the treatment area was phe-

nomenal. Pilewort (Erechtites

hieracifolia) and pokeweed

(Phytolacca americana)

quickly formed dense cover

(see fig. 4). Seedlings of

staghorn sumac {Rhus typhi-

na L.), smooth sumac (Rhus

glabra L.), and black cherry

(Prunus serotina Ehrh.) were

also found. Subsequent mon-

itoring in 2000 revealed that

nearly 100% of the groundcover consisted of native pio-

neer plant species, and surviving knotweed plants still

formed less than 1% of the cover. Knowing that

knotweed does not thrive under dense plant cover, the

parks' managers expect that seed germination and rhi-

zomatous spread from knotweed populations adjacent

to the parks will be greatly reduced in areas where the

native plant communities have been restored.

OUTREACH AND FOLLOW-UP
As effective as the described eradication treatment

may be, the parks' natural resource staff are aware that

their efforts will ultimately fail if others do not use simi-

lar control methods on neighboring lands, rights-of-

way, and waterways (fig. 5). To encourage this local and

regional awareness, the parks have participated in the

development of the Kiski-Conemaugh Rivers

Conservation Plan, a comprehensive regional plan that

addresses the basin's land, water, biological, and cultur-

al resources. Because of the parks' efforts, identification

and control of invasive plants, particularly knotweed,

have been added to the plan. The parks have, likewise,

assisted the Conemaugh Valley Conservancy and the

Southern Alleghenies Conservancy in developing con-

trol plans.

Figure 5. This scene features knotweed growing along the south fork of the Little Conemaugh River, approxi-

mately one-half mile upstream from the Johnstown Flood National Memorial boundary. The importance of con-

vincing owners of neighboring lands, rights-of-way, and waterways to implement effective knotweed eradica-

tion methods is paramount to the success of the comprehensive regional plan to protect the resources of the

watershed.

Fortunately, the grant funds awarded by the U.S.

Department of Agriculture will enable the National

Park Service not only to expand the treatment areas

within the two parks, but also to support control efforts

by other groups and to develop public outreach and

education activities. In 2001, the cost of the initial treat-

ment of knotweed in critical areas of the Allegheny

Portage Railroad National Historic Site was approxi-

mately $500 per acre. Ultimately, although eradicating

all knotweed from the landscape would be cost-prohib-

itive, the National Park Service hopes that a compre-

hensive regional management plan will protect the criti-

cal resources of the watershed and reduce the spread of

knotweed throughout western Pennsylvania. \j£,
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Oil and Gas Management Planning and the

Protection of Paleontological Resources
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A MODEL APPLICATION AT

LAKE MEREDITH
AND

ALIBATES FLINT QUARRIES

By

Vincent L. Santucci,

Adrian P. Hunt, and Lisa Norby

For the first time the National

Park Service has addressed

the protection of paleonto-

logical resources in a park as part of

oil and gas management planning.

The milestone came during the

development of an Oil and Gas
Management Plan / Environmental

Impact Statement (EIS) for Lake

Meredith National Recreation Area

and Alibates Flint Quarries Na-
tional Monument. Still in draft

form, the plan defines a long-term

management direction for existing

and anticipated oil and gas opera-

tions in the parks. Specifically it

addresses the issues associated with

the development of nonfederal oil

and gas rights underlying these

northwest Texas parks (fig. i).
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Assessing Risks to Fossils

As part of the plan, the National Park Service devel-

oped a reasonably foreseeable development scenario

(RFD) to project future oil and gas development in the

parks and to provide a basis to measure potential envi-

ronmental impacts. The RFD estimated that over the

next 15 to 20 years, in areas of the parks where drilling

and production could be permitted, up to 85 new wells

could be drilled. Ground-disturbing activities associated

with oil and gas development can potentially damage or

destroy nonrenewable paleontological (and other)

resources.

GROUND-DISTURBING ACTIVITIES ASSOCIATED

WITH OIL AND GAS DEVELOPMENT CAN
POTENTIALLY DAMAGE OR DESTROY NONRE-

NEWABLE PALEONTOLOGICAL RESOURCES.

Lake Meredith and Alibates Flint Quarries are located

between two major structural basins in the Texas

Panhandle. Paleontologists have obtained important

collections of fossils from Triassic, Miocene, Pliocene,

Pleistocene, and Holocene sediments in and around

these two units of the national park system. However,

the lack of adequate baseline paleontological resource

data has limited the staff's ability to determine whether

the oil and gas operations have adversely impacted the

paleontological resources at the parks.
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Figure 1. Oil and gas pipelines traverse

the two Texas parks along with rights-of-

way granting operator access. The recent

park planning identified fossil-rich areas

requiring protection from oil and gas

activities.

Figure 2 (above). A key tool in the oil and gas management planning process was the development of a

paleontological resource sensitivity map, which identifies areas of high, moderate, and low probability

for the occurrence of fossils. When preparing a plan of operation for oil and gas development in the

parks, an operator must first hire a qualified paleontologist to survey the high-probability fossil areas.

Inventory Needed

Comprising park managers, staff of the Natural

Resource Program Center, NPS paleontologists, and

others, the oil and gas management planning team iden-

tified the need to consider the protection of paleonto-

logical resources in the planning process. Therefore,

NPS paleontologists undertook a comprehensive pale-

ontological resource inventory of the parks by review-

ing literature, searching museum collections, and con-

ducting field surveys. In the process the Park Service

developed a "paleontological resource sensitivity map"
identifying areas of high, moderate, and low probability

for the occurrence of fossils (figure 2). First, NPS staff

used geologic maps to determine surface exposures of

fossil-bearing strata in the parks. They then correlated

the predicted fossil areas with the actual occurrence of

fossils in the field to fine-tune the sensitivity map.

During the inventory NPS paleontologists identified

over a dozen paleontological localities consisting of

diverse fossilized plants, invertebrates, vertebrates, and

trace fossils. Significant paleontological resources were

linked to the Upper Triassic (late Carnian) Dockum
Group, including the remains of ancient amphibians

(metoposaurs), reptiles (aetosaurs, phytosaurs,

rauisuchians), and a great abundance of petrified wood
(Murry 1989). The NPS staff documented six fossil

localities from the Miocene-Pliocene Ogallala Group

that contain root casts, silicified grasses, insect burrows,

mammal bone beds, and a mastodon tooth (Hunt and

Santucci in press; Wilson 1988). Additionally, within the

national recreation area and national monument five

Pleistocene paleontological localities are documented

and include a site in which a nearly complete skull of

the giant bison Bison latifrons (fig. 3, page 38) was col-

lected (Anderson 1977; Dalquest and Schultz 1992; Hunt

2000). Resource management staff have entered the

known paleontological resource localities into the

parks' geographic information system database and plan

to monitor these sites periodically in the future.
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Standard Operating
Procedures Developed

The oil and gas management plan / EIS identifies

standard operating procedures for locating and pro

tecting paleontological resources (Santucci 2000). These

procedures outline circumstances when a paleontologi-

cal survey is necessary and how the survey should be

implemented. The procedures also provide guidance

when an unanticipated discovery of fossils occurs dur-

ing approved operations or fossils are damaged within

previously identified paleontological localities.

Three alternative actions are identified in the EIS for

paleontological resources. Alternative A is the continua-

tion of current management practices in which propos-

als for oil and gas development are evaluated case by

case. Alternatives B and C designate special manage-

ment areas throughout the parks for protection of the

paleontological resources. Additionally, alternatives B

and C prescribe the application of the standard operat-

ing procedures for locating and protecting paleontolog-

ical resources. For example, in high-probability fossil

areas, the operator of any oil-and-gas-related, ground-

disturbing activity, would be required to survey for pale-

ontological resources and describe ways of minimizing

fossil disturbance; the survey of medium-priority areas

would be recommended.

The EIS is now being finalized; public comments have

been received and are being incorporated into the plan.

The record of decision is anticipated in early 2002. The

National Park Service prefers alternative B.

Conclusion

The Lake Meredith National Recreation Area and

Alibates Flint Quarries National Monument Oil and

Gas Management Plan and Environmental Impact

Statement represents the first time that paleontological

resources have been considered in this type of planning

in the national park system. The benefits resulting from

the consideration of fossil protection in the planning

process are many. For example, the planning process

focused NPS staff on the need for baseline paleontolog-

ical resource inventories of the parks. It also prompted

the development of new standard operating procedures

for locating and protecting fossils, which may be a use-

ful model for other parks addressing similar issues.

Also, it has drawn national attention to the significance

of fossils in these parks. Finally, it has strengthened the

protection of nonrenewable paleontological resources

at Lake Meredith and Alibates Flint Quarries. \$,

3. Now on display in a Texas museum, this giant bison skull

was excavated from a Pleistocene epoch locality in

Lake Meredith National Recreation Area.
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Research Permit and Reporting System

The On-line

LAUNCH
Is

By Jonathan Bayless and Norm Henderson

The National Park Service reached an important milestone on

16 January 2001 when it became the first bureau in the

Department of the Interior to enable researchers to apply on-line

for a research and collecting permit. Although few people were

aware of this development initially, the launch of the Re-

search Permit and Reporting System (RPRS) at

http://science.nature.nps.gov/research began an era of better

service to researchers and improved access to research informa-

tion for all. The first researcher to use the system logged on in

the first hour of operation; nine months later over 2,700 research

applications had been made. Like Friendship 7—the capsule that

carried John Glenn as the first American into orbit—the launch

of the new permit system is both a crowning achievement and yet

only the first step.

Improvement on old system
The Research Permit and Reporting System provides many

improvements on the former system designed to help the

National Park Service facilitate research in a consistent, stream-

lined manner. Moreover, it contributes to making the national

park system a better place for science, a goal that has required

more than goodwill to achieve. The long and complicated histo-

ry of permitting research and collecting in the national parks

shows only mixed success in attempts to improve the bureau's

reputation among researchers (Bayless 1999). Some scientists

expressed frustration and anger at what they saw as an unfair and

illogical research permitting process. They

claimed a lack of consistency was causing them

hardship when they dealt with unclear permit

requirements. Investigators complained that the

application procedures between parks were

vastly different for no discernable reason, and

that this was causing delay in the implementa-

tion of research programs.

In 1996, at the request of the National Park Service, the Office

of Management and Budget (OMB) reviewed the administration

of the special use permit (SUP) for research activities and found

that it was being used inappropriately for that purpose. The SUP

process was intended for non-recurring special uses, and given

that the National Park Service routinely reauthorized research, a

Research activities

in the national

park system are

regulated through

a Research Permit

and Reporting

System. Revamped

in January 2001,

the on-line permit

system stream-

lines the permit

application

process.

A product of many park

research activities is the

collection of plant, animal,

geologic, and other speci-

mens that require care

and storage per NPS stan-

dards. Proper collections

management emphasizes

the need for park research

permit coordinators to

work closely with park or

regional NPS museum

curators.

Investigators complained

that the application pro-

cedures between parks

were vastly different for

no discernable reason....

specific research permit would be needed. Further, while the SUP

form was originally approved as both an information gathering

and permitting tool, it was being used strictly as a permit. To

complete the form, parks gathered information using a multitude

of techniques, all in violation of OMB rules and requirements.

With the passage of Public Law 105-391 in 1998, the Service was

given a research mandate to "assure that management of units of

the National Park Service is enhanced by the availability and uti-

lization of a broad program of the highest quality science and

information." The law highlighted the need to overhaul the

research and collecting permit process.

Task force

The successful on-line launch was due in large part to the

efforts of the NPS permit task force, which developed the new

approach (Winfree 1999). The task force consisted of 15 members

from parks, support offices, and the Washington

Office, including the authors, from a diverse

background of scientific and program expertise.

Headed by Tim Goddard, Computer Specialist,

Natural Resource Information Division, Natural

Resource Program Center, the task force identi-

fied several needs to implement a simplified yet

comprehensive research-permitting program.

Specifically, a new permit form, an OMB-approved application,

and a comprehensive set of standard requirements would be

needed. Their recommendations formed the foundation for the

RPRS system.

Through a cooperative agreement between Yellowstone

National Park and the Department of Energy, Idaho National
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Engineering and Environmental Laboratory, came the next step:

development of a conceptual software model of the system. The

goal of integrating the model with the Investigator's Annual Report

was realized through an interagency agreement with the U.S.

Geological Survey (USGS), Biological Resources Division. Under

guidance from the Natural Resource Information Division, the

USGS Midcontinent Ecological Science Center currently maintains

the RPRS software and servers. Dr. John Dennis, Biologist, Natural

Systems Office, Washington Office, is responsible for policy sup-

port and assistance to park permit coordinators (available via

waso_nrss_researchcoll@nps.gov).

New features

The Research Permit and Reporting System replaces the diverse

array of earlier park research applications and creates a uniform

standard for the national park system. This

allows scientists, once they become familiar with

the application process in one park, to repeat it

easily in any other park. The system also allows

the applicant to submit a research and collecting

proposal of any content-format providing it has

sufficient detail for staff to assess the impacts

and benefits of the project, potentially eliminat-

ing the need for staff to rewrite proposals. The

ability to report progress or research findings is

possible through the incorporation of the exist-

ing Investigators Annual Report into the new sys-

tem. Another innovation is the creation of a

unique "study number" that links proposals, permits, reports,

and citations and allows for tracking and updating.

Park permit coordinators still evaluate each permit application,

communicate with investigators, and coordinate other related

matters. However, the process is now centralized and consistent.

Park coordinators work with applications, permits, and reports

through on-line access to the permit system without having to

manage the software and databases that reside on a central serv-

er. Upgrades and problem solving are the responsibility of NPS

programmers and contractors with the necessary skills and

expertise. Two training courses in 2001 have provided 45 park

coordinators with hands-on experience and increased knowledge

on policy and procedural issues related to the permit system.

The system has had its share of technical problems in its first

year. Computer viruses and Internet service interruptions have

caused the system to go off-line; fortunately it has been restored

in each instance within a day or two. While loss of passwords by

park coordinators has caused frustration, it has been the simplest

problem to fix. Also, some parks have poor Internet connections,

via telephone modems, that can slow access speeds to a crawl.

But overall most parks seem to be on-line and enjoying the power

of the system.

The Research Permit and

Reporting System will

eventually be the primary

method for researchers

and government agencies

to access information on

past research, research

needs, and to exchange

information and

applications with parks.

Future
The Research Permit and Reporting System will eventually be

the primary method for researchers and government agencies to

access information on past research, research needs, and to

exchange information and applications with parks. However,

many system improvements will first need to be achieved to real-

ize this potential. At the Third Conference on Partnership

Opportunities for Federally Associated Collections held 12-15

November 2000 in Austin, Texas, we attended the "Permit Me"

workshop on federal permits. The U.S. Fish and Wildlife Service

and the National Marine Fisheries Service discussed their permit-

ting processes for importing and exporting threatened and

endangered species, and the taking of migratory birds.

Approximately 25 different permits are available on the Internet

for these purposes, but only as downloadable forms that must be

printed, filled out, and mailed back. The diverse

and overlapping nature of many permits was of

concern to many workshop attendees. The

future challenge for the National Park Service

will be to integrate the RPRS with all other gov-

ernment permits in a manner that is clear and

understandable to scientists and specifies the

correct permit for a particular situation. Indeed,

the concept of a standardized Department of the

Interior permit has already been discussed.

The launch of the current system is creating

new visions for what features and capabilities are

desirable in the next round of upgrades. For

example, connectivity between databases, e-mail, and on-line sys-

tems are goals for improving the system. In addition, many specif-

ic policy application issues revealed by this initial launch must

also be addressed. If the first release of the Research Permit and

Reporting System is analogous to a space capsule orbiting Earth,

then the system still has a long way to go before it attempts a lunar

landing. Undoubtedly the success of this first step, with the con-

tinued cooperation and feedback of park research coordinators,

is critical for the realization of all subsequent improvements. [^
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Interdisciplinary Resource Protection

course returns for

ENCORE PERFO

BY JANE GORDON
PHOTOGRAPHS BY TODD SWAIN
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In
October 2000 individuals from a variety of jobs

within the National Park Service convened for

the second annual Interdisciplinary Resource

Protection Training. This innovative class focuses

on the way different divisions in the Park Service

can work together to investigate and prosecute

resource crime. Included

among the diverse group

of participants were
archeologists, botanists,

wildlife biologists, law

enforcement officers, haz-

ardous materials special-

ists, and public informa-

tion officers. At a time

when specialization is

increasingly common and
necessary in the Park

Service, this type of train-

ing fills a void. It offers

Park Service staff the

opportunity to come
together and profit from
the collective skills of the Service as a whole, rather

than to work in isolation from one another.

Beware, however, lest this description sound too

rosy. This 50-hour class is not for the faint-hearted;

work is intense with seldom an idle moment.

The setting

Botanists,

wildlife biologists,

archeologists,

law enforcement officers,

hazardous materials specialists,

and

public information officers

[participated in the course.]

The course is hosted at Camp San Luis Obispo, a for-

mer military base that is transformed into "San Luis

Obispo National Historic Site" for the purposes of the

training. Upon arrival, participants are briefed about

the course: they will spend a day

with federal legal experts pur-

suing case reviews and environ-

mental law, followed by three

intensive days of crime investi-

gation scenarios. Groups are

expected to function autono-

mously, electing their own lead-

ers, choosing their own time-

lines, and pursuing their own
investigations. The scenarios

stimulate the bulk of learning,

and the stage is set for complex

and unpredictable investiga-

tions. San Luis Obispo National

Historic Site has its own set of

rules and regulations, military

history, evidence of early cul-

tures, wildlife, and recreational

opportunities. Actors from a local university drama
club people the site in a variety of functions and roles,

playing villains, tricksters, salespersons, and jilted

lovers. Villages replete with food stands, rock shops,

condominiums, and crack houses emerge from the old
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Figure 2. In three days of intensive crime investigation sce-

narios that involve forensics, chemistry, botany, biology,

and other disciplines, course participants put together a

case to prosecute a natural resource crime in a national

park. Part of the process involves documenting evidence

and clues of a natural resource crime.

Figure 1. The annual interdisciplinary training course combines the skills and creativity of vari-

ous park positions, including natural resource management, law enforcement, archeology, and

public affairs.

Figure 3. Course participants get an opportunity to fill var-

ious roles in the investigation. Here a public information

officer relays news about the crime.

army base, while realistic props such as frozen bobcats

appear in suspect freezers. Federal attorneys from Los

Angeles staff a mock courtroom where participant

cases culminate in trial.

During the daylong scenarios participants find that

they must expand their concept of what the investiga-

tion process may involve. Problem solving and creative

thinking are keys to success in this type of work.

Participants scour the scenes for physical evidence,

explore telephone records, and visit restaurants fre-

quented by looters. They experiment with various

materials and technologies, such as dental stone for

fine print casting and video cameras for crime scene

surveillance. They discover a variety of resources avail-

able to them, including a U.S. Fish and Wildlife Service

forensics lab, on-call U.S. attorneys, local ornitholo-

gists, marine mammal specialists, entomologists, and
hazardous waste cleanup specialists.

Practical scenarios
Inasmuch as resource crime runs the gamut

from wildlife poaching to hazardous waste dis-

posal to vandalism, the scenarios offer a variety

of possible case studies. Each challenges par-

ticipants to use the full range of their group's

skills, including expertise in the natural, cul-

tural, and forensic sciences (figs. 1-3). A day-

long scenario might unfold as follows: the

group's public information officer receives an

anonymous tip about illegal waste dumping
along the shore of Camp San Luis Obispo's

protected river. Upon walking the riverbank,

the group notices an unusually high number
of dead fish along the shore. The fisheries and

wildlife specialist identifies these fish as

native steelhead trout (Oncorhynchus

mykiss), a species whose local population is

already endangered. Under the guidance of

the resource specialist, the group samples

water quality, but is frustrated when they are

unable to determine the cause of the fish kill.
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finds tire marks

300 yards from

the shoreline.

The group decides to take a closer look

along the shore.

A botanist notes an area of disturbed

vegetation upstream of the fish kill.

While two members
collect additional water

samples, the team's

archeologist finds tire

marks 300 yards from

the shoreline. A quick

check of the simulated

historic site's rules and
regulations reveals that

this area is closed to

vehicles. Realizing that

the site may be a crime scene, one of the

group's law enforcement rangers cor-

dons off the area, protecting crucial evi-

dence. Her efforts pay off when, upon
closer inspection, the group discovers

footprints and a pile of empty plastic

containers nearby.

Clues at the scene lead the group to send

two of its members to interview people in

the local commercial district. Those
remaining on-scene scour the area and sub-

sequently make an important discovery that

leads the group's hazardous materials spe-

cialist to suspect perchloroethylene as the

chemical responsible for the fish kill. They
send samples of their find to a local lab for

identification. Meanwhile, investigation in

town turns up new possibilities. Additional

group members arrive to follow up on leads

and conduct further interviews. An employ-

ee at a paint factory points investigators to a

subcontractor whose job is to clean out

chemical tanks in the area. While locating

the subcontractor proves unsuccessful, inter-

views reveal that his girlfriend works at the

local hamburger stand. Angry with her way-

ward boyfriend, or perhaps simply feeling the

call for justice, she shares helpful information

with the plain-clothes investigator.

Group members convene to share details.

The sum of the clues and evidence is the

basis for "probable cause" to search the

premises of the suspected subcontractor.

With the aid of an on-call assistant U.S.

attorney, the group develops and executes a

search warrant on his trailer on the south

end of the historic site. The search is com-
prehensive and provides the links that ulti-

mately bring the case to court.

The outcome of the investigation? That is

never predictable. But if your interest is

sparked, consider attending a future course

to discover it for yourself.

Aftermath
After negotiating the three diverse, day-long scenar-

ios, course participants commented that they had used

materials and techniques that they never before would
have considered using. All agreed, however, that the

most valuable resource was the collective skills of the

group members. The opportunity to witness colleagues

at work is rare for many participants. Many admitted

that they were previously unaware of the scope of cer-

tain positions outside of their own. With this new
familiarity comes a host of new collaborative opportu-

nities available at the park level.

The recognition of each other's talents is comple-

mented by the participants' discovery of their own
strengths and specialties. Many were surprised to see

how important their skills are to the investigation. One
botanist was shocked when her knowledge of local

plant species led team members to elect her as group
leader for the following day's investigation. As she

directed the final day's activities, however, it became
clear how well the group had profited from its shared

knowledge. Without hesitation, team members collect-

ed evidence, conducted interviews, and documented
the investigation at her command. And while the team
leader handily oversaw the scientific aspects of the

investigation, she demonstrated the same ease as she

off-handedly referred to such new legal concerns as

probable cause and consent searches.

The opportunity to take advantage of this training

arises annually, usually in the fall. Course lodging,

meals, and tuition are funded by the U.S. Attorney's

Office in Los Angeles, which leaves only the cost of

transportation and per diem to be borne by individual

parks. As advertised, the training will help parks

improve in the investigation and prosecution of

resource crimes. Equally important, the integration of

technically skilled and creative staffs—park rangers,

resource specialists, scientists, legal experts, and oth-

ers—facilitates synergism and teamwork in this impor-

tant, shared aspect of park preservation. [^

About the Author
Jane Gordon recently transferred from Park Ranger, Grand Teton

National Park, to Law Enforcement Officer, Arapaho-Roosevelt National

Forest, Colorado, and can be reached at jhgordon@fs.fed. us.

For information about the training course, contact Todd Swain, Criminal

Investigator, Joshua Tree National Park, California at 760-367-5542 or

todd_swain.nps.gov.
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CONNECTIO
I am delighted to present an article that focuses on cultural resource preservation as our cover

story. Authors Mark Gilberg and Nan-Yao Su report on a relatively new termite treatment that is

friendlier to the environment and more effective in the long term than many traditional termiticide

applications. The study, a series of field trials in five units of the National Park System, is thorough

and documents a viable alternative to deal with subterranean termites, a serious threat to our his-

toric structures and objects. I am hopeful that the article will increase the awareness of this promis-

ing technique among cultural and natural resource managers and facility managers alike.

As always, in selecting an article for the cover I look for potentially broad applications of

research, timely topics, less common subjects, or material that represents progress for the National

Park Service. I also consider a subject's appeal, perhaps to a new or sporadic reader of Park

Science. This article, which applies research to cultural resource preservation through manipula-

tion of a natural resource, struck me as particularly intriguing.

Another link between cultural and natural resources is described in this issue's Highlights

department. Resource and facility managers at Valley Forge National Historical Park have changed

their traditional mowing operations that formerly managed 1,400 of the park's acres as lawn. Now,
half of that acreage is allowed to grow into meadow, representing the historic landscape of the 18th

century (see photo) and giving visitors a better visual approximation of the place George

Washington used for the encampment of his troops.

Looking back to fall 1995, our cover article described a cultural-natural resource connection of

another kind. The authors reported a technique used at Amistad National Recreation Area, Texas,

to date rock art (pictographs) through chemical analysis of the paint. The process also identified

natural crusts formed from bio-geo-chemical interactions among the rock substrate and paint that

gradually cause the pictographs to appear faded. Through the application of natural sciences, the

investigators improved the correspondence of the rock art to the cultures that produced them,

enhancing resource interpretation and preservation.

There is opportunity for more of this kind of reporting in Park Science that explores relationships

between cultural and natural resource management and the cultural and natural sciences. Even as

many of us focus daily on preserving natural resources, our efforts contribute to the ecological

integrity of a national park and the greatness of the National Park System, ideas that are culturally

important. Or we may manage species (e.g., wildlife that symbolize the American wilderness or a par-

ticular time period), landforms (e.g., natural landmarks), or other phenomena (e.g., dark night skies)

that are simultaneously natural and cultural resources. We may strive to understand the natural set-

ting of a park that was important historically or prehistorically or the effect of natural processes (e.g.,

shoreline processes) on the preservation of cultural resources. Even cultural resource preservation

can have implications for natural resources (e.g., armoring of forts and relocation of lighthouses).

Certainly, connections between cultural and natural resource management in the National Park

System are abundant. Writing and reading about them encourages holistic thinking about the

resources in our care and the scientific tools at our disposal. I invite you to share additional links

among these resources in future issues of Park Science.

A<^aj~^C.—
Jeff Selleck

Editor
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International symbol of freedom and
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COVER STORY
New termite baiting technologies for the preservation of

cultural resources
Results of field trials in the National Park System demonstrate an effective and

environmentally friendly means of controlling termites for the protectio,

historic structures.

By Mark Gilberg and Nan-Yao Su
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Persistence of pikas in two low-elevation national monumf>HfyjCA'nOr\l

in the western United States

Bucking a regional trend in population losses, pikas hang on in Craters of the Moon

and Lava Beds National Monuments. But why and for how long?

By Erik A. Beever

Atmospheric nitrogen deposition:

Implications for managers of western U.S. parks

A comparison of three ecosystems highlights differences in the susceptibility of

natural resources to the effects of atmospheric nitrogen deposition.

By Thomas Meixner, Edith B. Allen, Kathy Tonnessen,

Mark Fenn, and Mark Poth

Development of natural resource professionals

in the Northeast Region

An innovative training program enhances science-based management and

professional development of National Park Service staff.

By Kathleen Kodish Reeder

Using survey research to analyze regional economic impacts

from a change in park management

A case study at Fort Sumter National Monument examines the economic effects of a

proposed National Park Service visitor center and the consolidation of ferry

operations providing access to the fort.

By Benjamin Sigman and Naomi Kleckner

Hindsight makes better foresight:

Paleontology as a new tool for conservation

The author envisions a widening role for paleontological inventories in present-day

ecological restoration, endangered species recovery, and biodiversity preservation.

By Dan Chure, Ph.D.
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Handling wolves on Isle Royale

"The attention given to [handling wolves on Isle Royale

(volume 2o(2):i4-i8)] is commendable and in the spirit of

the federal agency whose principles are most similar to

my own. It is hoped that the basic 'hands off/manage-

ment of human visitation only' principle will be adopted

by the other public land management agencies.

On the other hand, it is hoped that the National Park

Service has or will adopt the principle of public involve-

ment in policy—as have some other public land manage-

ment agencies. It seems to me deplorable and out of spirit

with NPS principles that no public seemed to be involved

in this issue on Isle Royale. If this if true ... why is that?"

—Michael]. Riegert

Stetsonville, WI

I first wish to assure Mr. Riegert that the National

Park Service (NPS) and Isle Royale National Park value

the comments we receive from the public and that we
make every effort to routinely invite the public to par-

ticipate in our planning and decision-making efforts.

For example, at Isle Royale we recently completed a

general management plan, during which we hosted 10

public meetings and issued six detailed newsletters for

the purpose of gathering public input into the planning

process. As a result, hundreds of written comments
from the public were received and considered.

Presently, we are developing a wilderness and back-

country management plan that has provided ample

views
opportunities for public input. A draft plan will soon be

made available to the public for review and comment.

Not only is public involvement required by the National

Environmental Policy Act (NEPA) of 1969, it is simply

good business to seek input from interested and knowl-

edgeable citizens.

Wolf handling at Isle Royale began in the late 1980s,

after extensive peer review by scientists and the U.S.

Fish and Wildlife Service, the agency responsible for

administering the Endangered Species Act. Under the

NPS Management Policies in place at that time, non-

destructive research and monitoring activities were con-

sidered a "categorical exclusion." Categorical exclusions

are actions that, under normal circumstances, are not

considered major federal actions and that have no

measurable impacts on the human environment. By def-

inition, categorical exclusions are excluded from further

NEPA review and do not require public involvement in

the decision-making process. Staff of the National Park

Service felt the application of the categorical exclusion

was appropriate for this particular monitoring activity

because wolf handling techniques and protocols for

handling were well established and had the concurrence

of the U.S. Fish and Wildlife Service. In 1999, when the

scientific review of the existing handling program was

being conducted, the same categorical exclusion was

applied. The park was not required to include the pub-

lic in the evaluation, nor had any indication from any of

the interested groups that they wanted to be included in

the process. The review panel carefully considered all

alternatives and felt that the decision made would best

serve the wolf population at Isle Royale.

Lest this all sounds too bureaucratic, I also add that,

at Isle Royale, there is no topic of more public interest

than that of the wolf population and our wolf research

program. In reality, the public, while not through a for-

mal public process, is indeed involved in the program

on a continual basis simply due to the program's high

popularity, visitor curiosity on the topic, and the easy

access to the researchers involved in the project.

And as an update, a recommendation made in 1999 to

pursue other means of obtaining genetic material from

the wolves is now in progress. A research project has been

funded to examine wolf scat as a viable source of genetic

material. That answer may be available by late 2003.

—Jack Oelfke

Isle Royale National Park

SCIENCE



Honors awarded for natural resources work

The National Park Service recently presented six indi-

viduals with its 2000 Director's Awards for Natural

Resource Stewardship and Science. The honors recog-

nize outstanding achievements in the protection of

ecosystem health in parks. This year, a sixth award was

initiated, the Director's Award for Professional Excellence

in Natural Resources, given in recognition of an NPS
employee who fosters creative and innovative resource

management practices in support of the mission of the

National Park Service. The awards were given during the

October 2001 meeting of the Natural Areas Association in

Jacksonville, Florida. The people selected for these

awards have, among other things, developed innovative

vegetation management programs, advanced the use of

sustainable practices, restored native ecosystems, and fur-

thered our knowledge of coastal ecosystems.

Tamara S. Naumann, botanist at Dinosaur National

Monument, Colorado-Utah, was the first recipient of

the Director's Award for Professional Excellence in

Natural Resources. Tamara designed and developed a

vegetation management program that addresses weed
management, restoration of native species and commu-
nities, and rare plant research and monitoring. Each of

these components has applicability to other parks and

agencies across the Colorado Plateau. Each component

also has a strong educational aspect ranging from pre-

sentations to volunteers, to development of a rare-plant

coloring book for youngsters. Tamara's involvement in

national and interagency activities, volunteer activities,

weed programs, weed management, and rare plant man-

agement serves as a model for parks on the Colorado

Plateau and elsewhere.

Mike Finley, the immediate past superintendent of

Yellowstone National Park, was the recipient of the

Director's Award for Superintendent of the Year for

Natural Resource Stewardship. Mike was recognized for

his instrumental leadership in several complex and con-

troversial areas of resource management, including the

restoration of the gray wolf, management of bison, win-

ter use in Yellowstone, and conservation of the

Yellowstone cutthroat trout. Mike has shown strong

support for scientific research and professional resource

management. He has recognized the importance of

good information in decision making, insisting that

management decisions be science-based.

Chris V. Case, Facility Manager at Pictured Rocks

National Lakeshore, Michigan, was presented the

Director's Award for Excellence in Natural Resource

Stewardship through Maintenance. Chris is a leader in

the field of sustainable resource management and in the

application of "green" technologies at the park. He has

researched, developed, and introduced a comprehen-
sive program encompassing sustainable energy (includ-

ing solar), park-wide recycling, "biofluids" conversion,

and product inventory and standardization. His efforts

resulted in the conversion of six hand-operated camp-

Several of the winners assembled in Jacksonville, Florida, in October

to receive the awards from Mike Soukup, NPS Associate Director for

Natural Resource Stewardship and Science. Pictured from left to right

are: Chris Case, Mike Soukup, Samantha Weber, Tamara Naumann,

and Charles Roman. Absent are Mike Finley and Tim Tunison.

ground water pumps to 24 solar chlorinated well pump
systems; development of a solar power grid system for

seasonal employee housing, and conversion of diesel

additives and hydraulic fluid to soy-based biofluids in

vehicles. He has worked closely with Sandia National

Laboratory, U.S. Department of Energy, solar contrac-

tors, and the Michigan Soybean Promotion Council in

applying these technologies in the park.

The recipient of the Trish Patterson-Student Conser-

vation Association Award for Resource Management in

a Small Park was Samantha E. Weber, Chief of Natural

Resource Science at Cabrillo National Monument,
California. Through her hard work and determination,

Samantha initiated the Division of Natural Resource

Science at Cabrillo and implemented a geographic

information system (GIS) program. Lacking profession-

al and support staff for her program, she developed a

network of resource managers and scientists in and out-

side the National Park Service to assist the monument.

The natural resource science and GIS programs are

now integral parts of the monument's operation.

Samantha also has worked closely with scientists who
wished to do research in the monument to ensure that

their projects meet the monument's information needs.

J. T. "Tim" Tunison, Resource Management Specialist

at Hawaii Volcanoes National Park, was presented the

Director's Award for Natural Resource Management.

Tim led and documented experiments to remove exotic

plants in very small areas called special ecological areas

(SEAs), and focused on methods that encourage native

species to reestablish. He collaborated with scientists to

use SEAs as living laboratories, formulating and testing

hypotheses about native ecosystems and their vulnera-

bility to exotic plant invasions, and devising practical

techniques to restore and protect native systems. As a

result, Tim and his resource management crew have

effectively restored native ecosystems in the park rav-

aged by exotic plant infestations—a task some thought

was hopeless. His successes have encouraged all the

VOLUME 21 NUMBER SPRING 2 2



NPS land managers of the Pacific islands to revisit their

techniques for managing exotic species.

Dr. Charles Roman was the recipient of the

Director's Award for Natural Resource Research. Dr.

Roman is a research scientist in the Biological

Resources Division of the U.S. Geological Survey. He
has been studying the ecology of coastal ecosystems on

behalf of the NPS Northeast Region's coastal parks for

more than 15 years. Dr. Roman's research has been

essential to the protection of coastal barrier national

seashores in four major areas: evaluating effects of

hydrologic alterations on freshwater wetland ecosys-

tems; restoring salt marshes and small estuaries; quanti-

fying changes in coastal ecosystem structure, function,

and process; and evaluating relationships between sea

level rise and salt marsh habitat structure. His innova-

tive work has inspired much research interest in nation-

al parks among the scientific community.

Park Science congratulates all of the year's award winners.

Excellence in Geographic Information Systems

recognized

The first National Park Service GIS awards for fiscal

year 2001 were pre-

sented at the

National Park

Servicewide GIS

Spatial Odyssey con-

ference in Primm,

Nevada, the week of

December 3, 2001.

Seven categories of

awards were estab-

lished. Of the seven

nominees who won
awards, five were from the Northeast Region. The win-

ners were:

GIS Enabler: Mike Hill, Superintendent, Assateague

Island National Seashore—for his all-around support of

the GIS program at Petersburg National Battlefield

(where he formerly served as superintendent). His

efforts helped establish the program in this "small"

park, resulting in big benefits to it and other national

parks in the region.

Heroism: Richard Easterbrook, GIS Specialist,

Petersburg National Battlefield—for his work in

resource protection at New River Gorge, following two

substantial floods in summer 2001. Richard provided

GIS products such as maps of soils, hydrology, and

archeology to aid an emergency response team in iden-

tifying damaged resources and infrastructure.

Community Service: Mark Adams (pictured above,

left), GIS Specialist, Cape Cod National Seashore—for

his success using GIS to involve disparate parts of the

community in park decisions. Richard Friedman, GIS

specialist with McKinley County, New Mexico—an NPS
partner with Chaco Culture National Historical Park

—

also received this award. His outstanding knowledge of

the prehistoric road system in the park, GIS skills, and

cooperative attitude have helped predict the location of

archeological sites so that they can be studied and pro-

tected cooperatively by the park, Navajo, Zuni, and

other community partners.

Partnering: Mark Duffy, GIS Specialist, Assateague

Island National Seashore—for establishing sustained

and productive GIS partnerships with local and county

programs. His efforts have helped focus GIS applica-

tions on coordinated regional planning to preserve

park, county, and watershed resources.

Excellence in Application: Dan Hurlbert, GIS

Specialist, Shenandoah National Park—for his extensive

and high-quality work on GIS at the park, ranging from

applications in fire to interpretation. Additionally, his

technical GIS skills have been key in maintaining the

park's scenic and rural character by modeling the

potential visual impacts of proposed development.

Nontraditional Users: Dan Spotskey, Grand Canyon
National Park—for supporting a murder trial through

the preparation of maps showing the crime scene in the

park. The GIS products were exhibited in court to help

the judge and jury understand the complex terrain, its

remoteness, and how the suspect—who pleaded guilty

to the crime—pushed his wife over a cliff in 1993.

Team Project: Crater Lake National Park's mainte-

nance and GIS programs and the University of

Hawaii—for combining GIS and Global Positioning

Systems technologies to effect real-time mapping of

snowplows in relation to park roads and facilities. This

project will have application in all snowy parks by

allowing snowplow operators to maneuver their

machines in whiteout conditions, minimizing damage to

park signs, walls, and other infrastructure in addition to

increasing personal safety.

Park Science congratulates the winners. S

Articles wanted
The editor is always looking for articles to publish

in Park Science that demonstrate the application of

science to park management. If you can show this

connection in on-the-ground resource manage-

ment or by analyzing the implications of research

findings for management, please consider writing

an article. Additionally, the contributions of park

operations such as interpretation, law enforce-

ment, and facility management to preserving park

resources are of interest, and the articles about

them need not be written by researchers or

resource managers. Features, brief highlights,

announcements of meetings or conferences, book

reviews, and summaries of journal articles are

wanted. Complete guidelines for submitting all

types of articles are available on the Park Science

website at www.nature.nps.gov/parksci.
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Research reveals dinosaurs

and other fossil wildlife at

^^ammmmm Big Bend

Research at Big Bend National Park, Texas, is increasing

our knowledge of the environment when dinosaurs lived

on the planet. Since 1995, vertebrate paleontologist Dr.

Julia Sankey has been visiting Big Bend to find fossils of

Late Cretaceous animals such as dinosaurs and mam-
mals (fig. 1). The Cretaceous period ended 65.5 million

years ago and was the last geologic period with

dinosaurs. Big Bend is the most fossil-rich national park

that preserves materials from the last 35 million years of

the dinosaurs' existence. The park also contains some of

the southernmost fossils from the Late Cretaceous peri-

od in North America. Sankey's work is contributing to

painting one of the most complete pictures of a Late

Cretaceous dinosaur ecosystem anywhere on the planet.

Sankey has focused on collecting fossils from

microvertebrate sites. These are accumulations of small

teeth and bone that

often form in ancient

stream channels. To

recover the fossils, sedi-

ment is collected and

washed through fine-

mesh screens. With the

aid of a microscope,

fossil teeth and bone are

then sorted out. The

teeth can sometimes be

identified to the species

level and help provide a

picture of the ancient

ecology of the area.

Thirty-eight different

kinds of fossil verte-

brates have been dis-

covered in the Talley

Mountain area of the

park, including

dinosaurs, mammals,

lizards, and other ani-

mals. Fossil teeth from

nine plant- and meat-

eating dinosaur species

have been found (fig. 2).

The plant-eating

dinosaurs include dome-

head (pachycephalosaurid), duck-billed (hadrosau

and horned (ceratopsian) dinosaurs. The meat-eating

dinosaurs include an older relative of Tyrannosaurus rex

and small theropods (Sanrornitholestes sp. and

Richardoestesia sp., including a new species,

Richardoestesia isosceles). Many of the dinosaur teeth

are small, probably from juveniles or younger individu-

als. Although no nest sites have yet been found at Big

Bend, these teeth provide evidence that dinosaurs nest-

ed in the area.

Aside from finding new and different kinds of fossils,

this research is helping scientists better understand the

environments in Big Bend in the Late Cretaceous peri-

od. The environments in the park were different from

areas further north. Big Bend was drier and may have

had seasonal droughts and subsequent flash floods.

Documenting the Late Cretaceous animals in areas like

Big Bend, with such different environments, helps sci-

entists better understand the ecology of the time. This

may also help us understand why the dinosaurs went

extinct at the end of the Cretaceous period.

J

Figure 1. Working first as a graduate student at Louisiana

State University and now with the South Dakota School

of Mines and Technology, Dr. Julia Sankey has been

studying fossils of Late Cretaceous dinosaurs and mam-
mals in Big Bend National Park since 1995.

Figure 2. Teeth of plant-eating (A, B, and D) and

meat-eating dinosaurs (remainder) from Big Bend.

Letter A, bottom row, is a new species of small, car-

nivorous dinosaur that may have been a fish-eater

(see Sankey, J. T. 2001. Late Campanian southern

dinosaurs, Aguja Formation, Big Bend, Texas. Journal

of Paleontology 75(1):208-15).
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Black-footed ferrets:
An Endangered Species Act success story

(so far)

In 1994, parts of Badlands National Park and Buffalo

Gap National Grassland (South Dakota) were designated

as the Conata Basin/Badlands Recovery Area for the fed-

erally endangered black-footed ferret. A major, four-year

reintroduction program began, which was described in

detail in 1995 in Park Science i5(2):i,16-18. Designation as

a "nonessential experimental population" allowed biolo-

gists flexibility and use of adaptive management tech-

niques critical to bringing back from the edge of extinc-

tion this secretive, little-known species.

So where does the program stand nearly eight years

down the road? Badlands Chief of Resource

Management Brian Kenner and Black-footed Ferret

Program Manager Doug Albertson report that the pop-

ulation has reached approximately 250 animals. Most of

the ferrets reside on the national grassland because of

the extensive black-tailed prairie dog complexes found

in the vast prairie there. (Prairie dogs are the sole food

source of the ferret.) As many as 55 wild-born litters

(averaging approximately 3 kits/litter) have been born

there in a single year. Perhaps most significant is that

wild-born kits from this recovery area are now being

captured and translocated to the Cheyenne River Sioux

Reservation, to the east of the park, to help reestablish

ferrets in a new area. These wild-born animals have a

better survival rate than captive-born individuals, thus

jump-starting a population that, because of the reserva-

tion's vast prairie dog towns, has the potential to num-

ber several hundred.

Disease, particularly sylvatic plague, canine distemper,

and tularemia remain serious concerns to ferrets and

prairie dogs. However, nonlethal blood sampling of pred-

ators in the area does not indicate an immediate threat.

Plague, an introduced disease that has decimated prairie

dog populations in recovery areas west of South Dakota,

presently shows no indication of reaching the Conata

Basin/Badlands. Establishment of a large, thriving ferret

population farther east on the Cheyenne River Sioux

Reservation will afford greater security from any future

outbreaks and is therefore a high priority for the intera-

gency ferret recovery team.

While Badlands National Park cannot by itself support a

sustainable ferret population, it is a valuable part of the

Conata Basin/Badlands population area, and now has a

base-funded ferret management program for long-term

monitoring of ferrets, prairie dogs, and related habitat

parameters. In the future, should a disease outbreak or

other factors decimate this ferret population, the park's

experienced, professional staff will be able to translocate

excess animals from other wild populations (that may

themselves originate from the Conata Basin/Badlands pop-

ulation) to again restore the population. Only by having

several large populations like the Conata Basin/Badlands

will the species be secure for the long term.

Conata Basin/Badlands

Black-footed ferret

Recovery Area Park boundary
Badlands formations

Prairie dog towns

Black-footed ferret as it was about

to be released in 1994 in Badlands

National Park.
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Meadows recreate history at^i Valley Forge

At Valley Forge National Historical Park

(Pennsylvania), 1,400 acres was once managed as lawn.

When one mowing over the entire park was finished,

the maintenance crews would start over again from the

beginning, managing 10 passes a season. The lawns

always had a "rough" look, but that was before the cur-

rent Field Management Plan was implemented in 1994.

Now, half of the acreage is mowed 15 times a season

while the other half is left to grow up into meadow. Not

only do the mowed areas look neater, but also the

grassy meadows recreate the "sense of place" at histori-

cal Valley Forge, which is the reason the management

plan was adopted.

In 1777, General Washington and his troops camped

at Valley Forge in farmland where wheat, barley, and

rye were cultivated. Some of the old 18th century farm-

houses still stand. Today, because of the change in

management that allows for high grasses waving in the

breeze, the landscape resembles the farming commu-
nity that existed just before the encampment.

The current management program does not reduce

maintenance costs, and mowing is still done continuously.

But now it is used to enhance historical interpretation.

For example, where the boundaries of the 18th century

farms are known, a meadow indicates the area of one

farm while the adjacent lawn represents the neighboring

farm. Thus, visitors get a sense of the size and relationship

of the 18th century farms that was not apparent when

mowing was more comprehensive.

Mowing also serves practical purposes. Mowed bor-

ders 50 feet wide frame the meadows and show visitors

that these fields are here by design. Along the roads, the

mowed borders allow motorists to see deer approach-

ing. Between the fields and stands of trees, borders 20

feet wide serve as firebreaks. And, to invite visitors to

walk in the meadows, there are mowed paths 15 feet

across where people can exercise their dogs or jog with-

out being surprised by snakes or being bitten by ticks.

The public heavily uses the park. Two million visitors

a year come not only to see the historic sights but also

for recreation in a densely urban region. Park managers

were hesitant to reduce the lawn acreage when the plan

to create the meadows was first implemented in 1994, so

they introduced the change slowly, a hundred acres a

year. Public reaction was at first undecided, but now it

is very favorable; people like the more authentic setting

and there are still 700 acres of lawn for picnics, volley-

ball, badminton, and other games.

To create the meadows, the regular mowing cycle sim-

ply stopped, and grasses already in place were left to

mature; no additional seeding was done. What came up is

about half native perennial grasses, mainly little bluestem

(Andropogon scoparius) and purpletop (Tridensflavens),

and half exotics, including sweet vernal grass

(Anthoxanthum odoratum), orchard grass (Dactylis glom-

erata), and creeping red fescue (Festuca rubra). The latter

is being closely monitored. It spreads via underground

stolons with which it invades clumps of existing grasses.

At present the native grasses seem to be competing well.

If the creeping fescue or other invasive nonnatives should

begin to take over, the park would need to periodically

kill all vegetation in a field with herbicide and then seed

the native grasses. Current management includes mowing

the meadows once a year to prevent succession of woody

plants that would lead to brushy cover and ultimately to

forest. Mowing is accomplished before April 15 to prevent

disturbing ground-nesting birds.

The "new" mowing program at Valley Forge allows some areas to grow up

as meadows that are similar-looking to the farming community as it existed

in 1777. Fifteen-foot-wide swaths maintain visitor access and enhance safety.

The change in management from lawn to meadow has

undoubtedly affected the wildlife population at the

park. Unfortunately, baseline population information

was not collected before the meadows were established,

so no data are available to show that populations of

small mammals, snakes, frogs, songbirds, and raptors

might have increased. However, that is the impression

of frequent visitors to the park. Wildlife inventories are

now under way.

An unquantifiable factor in the current Field

Management Plan is the aesthetic one. The meadows

covering the rolling hills of Valley Forge are beautiful.

The largest field is 180 acres in an area in the middle of

the park called the Grand Parade. In late summer when

the purpletop blooms, the whole field has a purple cast,

and close viewing reveals speckles of wildflowers

among the grasses. Even in the winter, when the stalks

are dead, little bluestem colors the landscape, not blue,

but a warm, red ochre, \zl
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The threat ofpathogens to biodiversity

In addition to the well-known Lyme disease, rabies, and bru-

cellosis, other infectious diseases can be transmitted among ani-

mal species and from animals to humans. In the United States

these diseases include cryptosporidiosis, hantavirus pulmonary

syndrome, and plague. Other diseases that can be transmitted

between domestic and wild animals include canine distemper

and canine parvovirus disease (that primarily affect members of

the dog family), and strains of Newcastle disease (that affect

poultry and waterfowl). An emerging fungal disease, chytrid-

iomycosis even affects amphibians.

Human encroachment into wildlife habitat increases the likeli-

hood for transmission of disease between humans, domestic ani-

mals, and wildlife species. Pathogens are also spread by people in

several ways. The widespread introductions of animals into new

areas poses a risk of transmitting infectious diseases to native

animals that have never been exposed to the diseases. Infections

may cause disease outbreaks, resulting in widespread mortality

and possibly the extinction of local populations. This risk is par-

ticularly grave to endangered species.

Pathogens also may be introduced by international traffic in

agricultural materials, domesticated animals, food crops, timber,

and biologically contaminated wastes and ballast water. Evidence

of this pathogen pollution (i.e., pathogens introduced by people)

seems to be everywhere, even in Antarctic wildlife: antibodies to

the infectious bursal disease virus, a domestic chicken pathogen,

have been found in Antarctic penguins.

The authors noted the means to detect and control wild animal

infectious diseases are inadequate. Although the conservation

community has guidelines for preventing the spread of pathogens

through the release of animals into areas where they have not

lived, the guidelines have not always been followed. Between

1973 and 1986, conservation programs in the United States,

Australia, Canada, and New Zealand translocated 700 terrestrial

The introduction of nonnative plant and animal

species and habitat loss are commonly viewed as

two of the primary causes of the decline and loss of

O S S f 1 61 sPec ^es - However, the introduction of infectious

disease-causing agents may be a threat of similar

importance (Daszak, P., A. A. Cunningham, and A.

D. Hyatt. 2000. Emerging infectious diseases of

wildlife: Threats to biodiversity and human health.

Science 287:443-49). The number of emerging infec-

tious diseases of wild animals is increasing, as is the like-

lihood for transmission of diseases between humans,

domestic animals, and wildlife. This poses a risk to the conserva-

tion of biological diversity in America's national parks and globally.

vertebrate animals, but 24% were not screened for diseases.

The authors called for extending the integrative, multidiscipli-

nary approach taken to detect and control infectious diseases in

humans to diseases in wild animals. Detecting and controlling

diseases in wild animals must include investigations of the ecol-

ogy, pathology, and population biology of host-parasite systems,

and the identification of underlying causes of diseases and

spread of diseases. Rapid dissemination of information by mod-

ern media and far-reaching legal support are also needed to con-

trol these diseases.

The effect ofwhite-tailed deer onforest

bird populations

Browsing by ungulates can cause measurable changes through-

out a forest ecosystem, affecting the cycling of nutrients, energy

flows across trophic levels, food webs, species composition, and

the relative abundance of herbaceous and woody plants. In the

United States, the conservation of game raised the densities of

deer beyond previously known magnitudes. White-tailed deer

(Odocoileus virginianus) are dominant herbivores in the eastern

United States and may play a significant role in the structuring of

forest ecosystems and the shaping of food webs. Such effects

should be particularly noticeable in bird populations because

bird species are sensitive to changes in vegetation volume and

composition. W.J. McShea and J. H. Rappole monitored the den-

sity and diversity of vegetation and birds in eight 9.9-acre (4-ha)

sites in northern Virginia to determine the effect of white-tailed

deer on forest bird populations (2000. Managing the abundance

and diversity of breeding bird populations through manipulation

of deer populations. Conservation Biology 14 (4):1 161-70). Four

of the sites were fenced to exclude deer.
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The density and diversity of plants in the understory of the

fenced sites increased significantly. The abundance of birds, espe-

cially of species that feed on the ground and in the intermediate

canopy, increased after the exclusion of deer. However, the

species diversity of birds did not increase because the bird

species changed with the succession of understory vegetation.

McShea and Rappole concluded that in protected areas deer

may cause significant changes in the abundance and species

composition of birds and that such changes can be reversed by

removing deer to increase the diversity and density of under-

story vegetation.

State clean water programs

and endangered species

Two key statutes that affect the National Park Service's efforts

to protect fish and wildlife are the Clean Water Act and the

Endangered Species Act. The goals of both laws refer to the pro-

tection and viability of organisms. The Clean Water Act called for

eliminating the discharge of pollutants by 1985, attaining fishable

and swimmable water by 1983, and prohibiting the discharge of

toxic pollutants in any amount. The act contains statements

about necessary improvements to conserve waters for the pro-

tection and propagation of aquatic life and wildlife. It established

qualitative water standards that favor the propagation of fish and

wildlife and set quantitative discharge limits that must meet these

water quality standards. The Endangered Species Act called for

the conservation of endangered and threatened species until they

recover sufficiently to no longer need the protection of the

statute. Various sections of the act define the roles and responsi-

bilities of governments and private parties.

The protection and recovery of threatened and endangered

aquatic species would benefit from a concerted application of

both acts (E. Rosan. 2000. EPA's approach to endangered species

protection in state Clean Water Act programs. Environmental

Law 30(2):447-85). An impediment has been the role of states

under the Clean Water Act. The act authorizes states to adminis-

ter their own clean water programs and to issue their own per-

mits for point source discharges into waters (National Pollutant

Discharge Elimination System [NPDES]). Such programs must

comply with minimum requirements of the Clean Water Act, but

because discharges under state clean water programs are not fed-

eral actions, they do not trigger compliance with the federal

Endangered Species Act. (However, in cases where the

Environmental Protection Agency (EPA) retains approval author-

ity over state programs or final permit actions [e.g., NPDES per-

mits], the EPA is required to determine what effect a permit may

have on threatened and endangered species.)

The EPA, the National Marine Fisheries Service, and the U.S.

Fish and Wildlife Service spent almost a decade developing an

interagency memorandum of agreement and national coordina-

tion procedures to protect endangered species from adverse effects

of the state-administered clean water programs. Under the 1999

draft memorandum of agreement (that was subsequently imple-

mented on 22 February 2001), the EPA agreed to consult with the

Fish and Wildlife Service (and the National Marine Fisheries

Service when appropriate) in the review of state discharge permits

and water quality standards to protect listed species.

Although some issues still need to be resolved, the memoran-

dum of agreement is expected to help improve communications

between the agencies, help the conservation and recovery of

threatened and endangered species, and generally improve water

quality in the country.

Problems in documenting population

trends of the desert tortoise

Documenting trends of a species that is widespread but sparse-

ly distributed can be difficult. Such is the case with the Mohave

Desert populations of the desert tortoise (Gopherus agassizii).

Desert tortoises occur over a huge area and can be abundant in

places. The listing of tortoises as threatened in 1990, because

surveys suggested that some populations were declining rapidly,

affected human activities in much of the desert Southwest.

However, questions have arisen regarding the survey methods

used before listing the tortoise.

Desert tortoises were studied at Joshua Tree National Park for

six years to establish baseline population estimates and docu-

ment changes over time (Freilich, J. E., K. P. Burnham, C. M.

Collins, and C. A. Garry. 2000. Factors affecting population

assessments of desert tortoises. Conservation Biology

14(5):1479-89). The researchers found that population estimates

that do not account for weather changes are likely to be mislead-

ing. Their estimates, based on weekly spring surveys, varied sub-

stantially, particularly during wet and dry years. They found that

apparent changes in population size were most strongly related to

changes in the susceptibility of capturing the animals. In dry

years the tortoises' home ranges decreased, captures decreased,

and the effort required by the researchers to find each tortoise

nearly doubled. The researchers concluded that tortoises are

likely to be undercounted during dry years and that earlier stud-

ies conducted during droughts are probably not accurate, partic-

ularly if few tortoises were found.

The authors noted that the case of the desert tortoise may be

true for other wide-ranging species. They urged that the U.S. Fish

and Wildlife Service must ensure that listings of these species be

based on tested methods and reliable data. Survey techniques

must be carefully analyzed and reviewed to ensure that they are

sufficiently robust to encompass both temporal and spatial het-

erogeneity inherent in ecosystems. Otherwise, the credibility of

the Endangered Species Act can be challenged.
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Climate change impacts

on the United States

Overview

Long-term scientific observations

show that the Earth's climate is now

changing at a rapid rate, and indica-

tions are that even greater climate

change is very likely this century. The

National Assessment of the Potential

Consequences of Climate Variability

and Change, part of the United States

Global Change Research Program, is a

major ongoing effort to understand

what climate change means for the

United States. In 2000, the National

Assessment Synthesis Team, a commit-

tee of government, university, industry,

and nongovernmental organization

experts, wrote an Overview of the

Assessment (Climate Change Impacts

on the United States: The Potential

Consequences of Climate Variability and Change. Cambridge

University Press. 154 pages). This overview is based on a longer,

referenced "Foundation" report. The National Park Service par-

ticipated in workshops on this report and reviewed various draft

documents.

The overview summarizes past and predicted changes in

America's climate, and discusses how the nation and its ecosys-

tems may consequently change in the future. Regional overviews

are also provided, focusing on possible climate changes in differ-

ent parts of the country and key issues facing each region. The

regional reviews cover the Northeast, Southeast, Midwest, Great

Plains, West, Pacific Northwest, Alaska, islands in the Caribbean

and the Pacific, and native peoples and homelands. In addition,

the report addresses the key issues and implications of climate

change for five sectors: agriculture, water, human health, coastal

areas and marine resources, and forests.

Mike Soukup, Associate Director for Natural Resource

Stewardship and Science, observed "This document contains

much useful information relevant to the future of every park....

Although it does not focus on national parks or protected areas

per se, potential impacts to them can easily be inferred." Among

the key findings of the report of relevance to national park units:

• The United States will very likely become substantially warmer.

Droughts and flash floods are also likely to become more fre-

quent and intense. Heat waves are very likely to increase in fre-

quency, but milder winters also are likely in some areas.

• Many ecosystems are highly vulnerable to the projected rate

and magnitude of climate change. A few, such as alpine mead-

ows in the Rocky Mountains and some barrier islands, are like-

ly to disappear entirely in some areas. Others, such as forests of

the Southeast, are likely to experience major species shifts or

break up into a mosaic of grasslands, woodlands, and forests.

Losses in local biodiversity are likely to accelerate.

CLIMATE CHANGE IMPACTS
ON THE UNITED STATES
The Potential Consequences of Climatf Variability and Change

• Sea-level rises are very likely to cause

the loss of some barrier beaches,

islands, marshes, and coastal forests

through the 21st century.

• Increased carbon dioxide and ocean

temperatures, combined with other

stresses, will possibly exacerbate coral

reef bleaching and die-off.

• It is very probable that rising tempera-

tures will cause further permafrost

thawing, damaging roads, buildings,

and forests in Alaska.

• Reduced summer runoff, increased

winter runoff, and increased demands

are likely to compound current stress-

es on water supplies and flood man-

agement, especially in the western

United States.

• Increases in water temperature and

changes in seasonal patterns of runoff

will very likely disturb fish habitat and

affect recreational uses of lakes,

streams, and wetlands.

• Coastal inundation from storm surge combined with rising sea

level will very likely increase threats to water, sewer, trans-

portation and communication systems, and buildings.

Those interested in reading the overview will find it posted on

the Internet in html and pdf formats. The URL is:

http://www.usgcrp.gov/usgcrp/Library/nationalassessment/

overview.htm.

Implications

ofclimate

changefor

coastal and
marine

resources

One product of the

National Assessment

of Potential Conse-

quences of Climate

Variability and Change,

which was used in

preparing the Over-

view of the Assess-

ment, focused solely

on the implications of

climate change on U.S.

coastal and marine resources (Boesch, D. F., J. C. Field, and D.

Scavia, editors. 2000. The Potential Consequences of Climate

Variability and Change on Coastal Areas and Marine Resources:

«
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Report of the Coastal and Marine Resources Sector Team, U.S.

National Assessment of the Potential Consequences of Climate

Variability and Change, U.S. Global Change Research Program.

NOAA Coastal Ocean Program Decision Analysis Series No.21.

Silver Spring, MD. 163 pages). Prepared by a team of scientists,

and subjected to peer review and public comment, this report

compiles scientific studies by the government, private sector, and

academia. The report examines changes in climate forces, includ-

ing ocean temperatures, currents, hurricanes and storms, precip-

itation and freshwater runoff, and sea levels. Potential impacts of

current climate variability and future climate change on shore-

lines and coastal developed areas, wetlands, estuaries, coral reefs,

and ocean fisheries and other marine species are identified. Case

studies are provided on several topics, including impacts on the

South Florida regional ecosystems and mid-Atlantic estuaries.

The report also outlines strategies for adapting to and coping

with the consequences of climate change, and identifies areas of

needed research.

This report has many implications for coastal parks. Among its

findings:

• The rise of sea level is projected to accelerate during the 21st

century, with dramatic consequences in low-lying regions.

Coastal erosion, already a widespread problem, will be exac-

erbated by the sea-level rise. The Atlantic and Gulf coastlines

are especially vulnerable to a rise in sea level, as well as an

increase in the frequency of storm surges or hurricanes.

• As a result of changes in ocean conditions, the distribution

and abundance of major fish stocks will probably change sub-

stantially.

• Unprecedented declines have occurred in the condition of

coral reefs. Increasing atmospheric carbon dioxide is likely to

further threaten coral, resulting in weaker skeletons, reduced

growth rates, and increased vulnerability to erosion.

The report is available on the Web in PDF format at

http://www.cop.noaa.gov/pubs/das/das2 1 .html.

Paleontological inventories of caves

The Geologic Resources Division (GRD) recently published a

technical report entitled An inventory ofpaleontological resources

associated with National Park Service caves (Technical Report

NPS/NRGRD/GRDTR-01/02). Authors Vincent L. Santucci

(Fossil Butte National Monument), Jason Kenworthy (also at

Fossil Butte), and Ron Kerbo (GRD) summarize the results of

paleontological cave resource inventories conducted in 35 units of

the National Park System since 1998. The inventories document

both fossils preserved in the cave-forming bedrock and in the

caves themselves. The authors discuss the significance of fossils

associated with caves and the protection and management of

these resources. The 50-page report includes color and black-

and-white photographs. Copies are available by contacting the

Geologic Resources Division, P.O. Box 25287, Denver, CO 80225-

0287, and referring to publication NPS D-2231 (September 2001).

Sixth fossil conference proceedings available

Also available from the Geologic Resources Division is the

recent Proceedings of the Sixth Fossil Resource Conference

(Technical Report NPS/NRGRD/GRDTR-01/01). Editors Vin-

cent L. Santucci (Fossil Butte National Monument) and Lindsay

McClelland (GRD) have compiled 20 articles from the confer-

ence that deal with paleontological resource management or sci-

ence and paleontological research on public lands. The fossil

conferences began in 1986 and have grown into a rich partner-

ship among federal, state, and local land management agencies

and the professional and avocational paleontological communi-

ties. This report presents the papers given at the sixth conference:

"2001: A fossil odyssey." The 214-page report includes color and

black-and-white photographs. Copies are available from the

Geologic Resources Division, P.O. Box 25287, Denver, CO
80225-0287; refer to publication NPS D-2231 (September 2001).

Book on lichens, mosses, and liverworts

illuminates lesser-known forest life

VOLUME 21 NUMBER

Editor's Note: Botany professor Bruce McCune

(mccuneb@bcc.orst.edu) of Oregon State University kindly

reviewed the book 101 Common Mosses, Liverworts, and Lichens

of the Olympic Peninsula (ISBN 016-066471-3, copyright 2001)

by Martin Hutten, Karen Hutten, and Andrea Woodward. This

guide is part of a habitat-based survey of non-vascular cryp-

togams in the Olympic Peninsula and is published cooperatively

by the U.S. Geological Survey, Canon U.S.A., Inc., the National

Park Foundation, Olympic National Park, and the Northwest

Interpretive Association. Copies are available from the Seattle

(206-553-4270) or Portland (503-221-6217) U.S. Government

Printing Office bookstores. McCune's report follows.

Continued in right column on page 37
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Preservin

aturarConditions
Preserving

Yellowstone's

Natural

SCIENCE AND THE PERCEPTION OF NATURE
By James A. Pritchard

)A book review by Ryan Monellc

ark managers, biologists, and other students of con-

servation generally recognize that some of the most

visible management policies in the National Park

Service are a direct result of issues that arose in

Yellowstone National Park during the 20th century.

In Preserving Yellowstone's Natural Conditions, James

Pritchard provides the reader with a well researched

chronology of these events in a novel and unbiased manner. As a

resource specialist considering the effects of natural regulation in

my own park, I highly recommend the book to anyone interested

in or dealing with National Park Service management issues.

On the surface, the core of the book is focused on wildlife man-

agement policies in Yellowstone and the scientific, political, and

social pressures that brought them about. These issues include

ungulate management and the development of the natural regula-

tion paradigm, the struggle to create a more natural bear popula-

tion that eliminated assured viewing opportunities, terminating

pelican control being practiced under

the guise of fisheries management, and

the creation of a free-ranging bison herd

without supplemental feeding and hus-

bandry techniques. Yet the real theme

and interesting side of this book lies in the repeated stories of the

struggle for the nation's first national park to become more natural,

in both the management techniques and overall conditions.

Not surprisingly, Pritchard uses the origins of the park and the

ensuing bison and elk management issues to set the stage for the

book. At first glance, I imagine any park manager might hesitate to

pick up such a book, for these are clearly two of the most well-

known topics in the National Park Service. But Pritchard goes well

beyond simply describing a history that took place over 100 years

ago. He clearly presents the mind-set of the managers: how the fear

of bison and elk extirpation shaped management decisions of the

late 19th and early 20th centuries and were crucial in bringing

about the current abolition of hunting in almost all national parks,

early predator control policy, and artificial feeding practices. This

leads to an excellent overview of not only the biology associated

with elk and bison management in Yellowstone, but also a general

understanding of how politics and external forces can affect Park

Service management.

Pritchard, an adjunct professor of landscape architecture at

Iowa State University, also has a keen ability to relate important

park episodes in an accurate manner that is not driven by a par-

"The book is focused on wildlife management

policies in Yellowstone and the scientific, political,

and social pressures that brought them about."

ticular viewpoint. One of

the most often quoted but

misunderstood sources in

the scientific literature is the

Leopold Report (i.e., Wild-

life Management in the

National Parks), which
|

Pritchard sums up in one of

the most accurate state-

ments I have read: "Today

the Leopold Report is

remembered not for its recommendation that direct reduction [of

the elk herd] was necessary and proper, but rather for its expres-

sion of what the panel members thought about the goals of the

parks" (p. 211).

The important role that science can and has played in

Yellowstone with respect to various park policies is also clearly

shown in this book. Pritchard lays out

good motivation and a solid reasoning

for managers to rely on well done science

to develop park policy and appropriate

management decisions—especially with

controversial issues. When Newton Drury, the director of the Park

Service in the 1940s, was revitalizing an argument to end bear feed-

ing in Yellowstone, he relied on the support of numerous scientists.

Conversely, when science is distorted the resource can be threat-

ened. This was the case in Yellowstone when studies indicated the

necessity of destroying pelican eggs to protect fishery resources.

Because Yellowstone set the precedent for so many policies in

the National Park System, there is a danger that after reading the

convincing arguments set forth in this book one may assume that

what was good for Yellowstone (e.g., natural regulation) is good

for the parks in general. Pritchard does acknowledge the need for

active management at times (p. 306), but overall gives a general

impression that vigorous management action within a park is

equivalent to an unnatural approach. This is not necessarily the

case. (Although I certainly agree that unless the scientific evi-

dence and reasoning is especially compelling, a "hands-off"

approach is often more appropriate with regard to non-endan-

gered, native species in parks.) Compare the elk scenarios of the

Northern Range in Yellowstone with those of Rocky Mountain

National Park. The former has an intact predator base, a large

hunter harvest, and a largely intact winter range. The latter has no
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major elk predators, minimal hunter harvest, and a winter range

that is largely developed. What works for one may not necessari-

ly work for the other. Given that the book often engages in a

Servicewide discussion, I think this point could have been made

more clearly. However, I will be the first to admit that this is a rel-

atively minor and finicky point given the excellent read and

understanding of timeless issues that Preserving Yellowstone's

Natural Conditions provides.

Ryan Monello is a Natural Resource Specialist at Rocky Mountain

National Park, Colorado. He can be reached at 970-586-1360 and

ryan_monello@nps.gov.

Preserving Yellowstone's Natural Conditions:

Science and the Perception ofNature

By James A. Pritchard

Copyright 1999

University of Nebraska Press, Lincoln and London
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lavishly
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work chroni-

cles the so-

cial reaction

of rural com-

munities when traditional

activities are criminalized by

the establishment of envi-

ronmental reserves. The author, an assistant professor of history

at Brown University, takes the reader through 150 years of reaction

to the creation of conservation laws that

made illegal previously acceptable pas-

times such as residency, hunting, fishing,

and logging.

If you are like me, your bookshelves are

lined with conservation-related books out-

lining the history of the conservation

movement, the uplifting social setting that led to the creation of

Yellowstone National Park, the setting aside of vast tracts of west-

ern land as national forest preserves, and later, establishment of a

system of national parks and monuments preserving the places

and events that demarcated American history and settlement pat-

terns. Biographies abound of the politicians and patriarchs that

are synonymous with the conservation movement—Marsh and

Muir, the Roosevelts, and many more. Few books have looked at

the seamier side of the conservation agenda—at the people who

at the time had their livelihood, subsistence lifestyle, and freedom

of movement curtailed by the sectioning off of the landscape for

the public good—in effect excluding the local rural public. As

noted by the author, "Landscapes do not magically reshape them-

selves in accordance with the desires expressed in legislation.

Establishing a functioning conservation program would require

not only new laws but new mechanisms for enforcement as well."

There are lessons to be learned from reading the discussion of

the formation of the Adirondack reserves in New York,

Yellowstone National Park, and Grand Canyon National

Monument. Several books have recently examined past and

"Euro-Americans conveniently wrote

these people out of the picture, following

what the author characterizes as a history

of pursuing environmental quality at the

expense of social justice."

SQUATTERS, POACHERS,
THIEVES, AND THE HIDDEN HISTORY
OF AMERICAN CONSERVATION

By Karl Jacoby

book review by William Supernaugh

recent activities that have affected native cultures. This work, too,

examines the impact of conservation on the inhabitants and prac-

tices displaced by parks and preserves. Park rangers of today can

relate to the reports of the Army's acting superintendent of

Yellowstone in 1892, documenting the enforcement efforts of the

soldiers when faced with the population settling around the

fringes of the park, "... whose whole subsistence is derived from

hunting and trapping."

Jacoby cites several oft-repeated assumptions—"myths" in his

words—that still crop up in any discussions of our nation's con-

servation history. There is one that I found worth examining—

both as the prevailing thought of an earlier

time and one repeated even as we establish

parks a century later. Our earlier parks were

not pristine wilderness areas free of human

intervention but rather were and are, "part

of a pre-existing native world." Protected

areas were often home to significant human

populations such as was found in Grand Canyon's Supai Canyon

or included portions of a cycle of nomadic wanderings. Euro-

Americans conveniently wrote these people out of the picture,

following what the author characterizes as a history of pursuing

environmental quality at the expense of social justice. This book

will not be an easy read for some—but it raises questions and

exhaustively documents a history lesson well worth studying. In

the words of the author, "Memory ... is rarely an impartial record

keeper. Details can fade over time. Understandings can shift as

individuals re-imagine the past in light of current concerns." [^

William Supernaugh (william_supernaugh@nps.gov) is Superinten-

dent of Badlands National Park, South Dakota.

Crimes against Nature:

Squatters, Poachers, and the Hidden History

ofAmerican Conservation

By Karl Jacoby

Copyright 2001, ISBN 0-520-22027-7, 324 pages

University of California Press, Berkeley, Los Angeles, London
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New termite baiting technologies

for the preservation of cultural resources:

RESULTS OF FIELD TRIALS IN THE NATIONAL PARK SYSTEM

By Mark Gilberg and Nan-Yao Su
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Background
Termites are a significant structural pest in the United

States, costing the public nearly $1.5 billion in damage

each year. The bulk of this damage can be attributed to

subterranean termites. Historic buildings and structures

are particularly vulnerable to subterranean termite dam-

age, given the traditional use of wood as a building mate-

rial. Termite damage to historic buildings is both costly

and irreversible and can diminish the historic signifi-

cance of the structure through the loss of original build-

ing fabric. Cultural landscapes are also vulnerable to ter-

mite damage. In New Orleans, many of the historic oak

trees that add shelter and beauty to the city are threat-

rmite damage to historic buildings is both costly and irreversible

an diminish the historic significance of the structure...."

ened by an introduced species,

the Formosan subterranean ter-

mite, Coptotermesjormosanus.

and buildings. Many of these field triai:

have been conducted in our national

parks where cultural resources are severely

threatened by termite activity (fig. 1). These

sites have proved ideal settings for this evalua-

tion and for testing other new technologies.

Moreover, the field trials have helped ensure

the preservation of important cultural

resources.

Figure 1. The Statue of Liberty is one of five sites in the National

Park System where scientists tested hexaflumuron, an insect

growth regulator, as a means of controlling termites.
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This species can construct nests within the dead heart-

wood of the tree eventually weakening it to the point

where it is unstable and falls in bad weather.

Conventional methods for the control of subterranean

termite infestations rely heavily on the use of organic

(i.e., carbon-based) insecticides to provide a barrier for

the exclusion of soil-borne termites from a structure.

Typically, large volumes of liquid insecticide are applied

to the soil beneath and surrounding an infested building.

Poisoning the soil is not a sustainable practice and may

contaminate groundwater as well as pose health and

safety hazards. Moreover, such an approach is not alto-

"Poisoning the soii is not a sustainable practice and may contaminate

groundwater [and] pose health and safety hazards."

gether effective. Creating an uninterrupted barrier of

treated soil beneath an existing structure is extremely

difficult, and gaps in the barrier invariably allow access to

the structure. Also, because the soil treatment only

deters termite attack, the vast majority of subterranean

termites are unaffected. Conventional soil treatments

often result in physical damage to the structure; they

require the drilling of often disfiguring and unsightly

holes in the foundation floor before liquid insecticides

are injected into the soil.

New termite baiting technologies
In response to these concerns, a number of new baiting

technologies have been developed in recent years as an

alternative to conventional liquid insecticides. Of these,

baits containing the insect growth regulator, hexaflu-

muron, have proved most promising in successfully elim-

inating subterranean termite populations at or near

structures. Hexaflumuron inhibits the synthesis of

chitin, which is essential for the formation of insect

exoskeleton, but is virtually harmless to vertebrates

(LD50>5,ooomg/kg'). The treatment uses a monitoring

and baiting procedure, whereby hexaflumuron is deliv-

ered by foraging termites to eliminate the entire colony

population. The procedure is marketed currently as the

"Termite colonies of several million individuals can be suppressed to the

point of inactivity ... using less than 1g of hexaflumuron."

Sentricon® Termite Colony Elimination System (Dow
AgroSciences, Indianapolis, Indiana) to authorized pest

control operators. Studies using the Sentricon system or

1 Lethal Dose, 50%, refers to the amount of insecticide that, if admin-

istered to a population, will cause 50% of the population to die. It is

usually expressed in terms of milligrams of insecticide per kilogram of

subject body weight.

its commercial prototypes have confirmed that termite

colonies of several million individuals can be suppressed

to the point of inactivity (or observed elimination) using

less than ig of hexaflumuron. Moreover, elimination of

colony populations creates a zone of termite-free soil sur-

rounding a building for several years.

The Sentricon system employs a cyclical process of

monitoring and baiting for termite activity. Initially, a

technician installs Sentricon stations containing monitor-

ing devices in the soil surrounding a structure. When ter-

mite activity is discovered in a station, the monitoring

device is replaced with bait containing 0.5% hexaflu-

muron (fig. 2A). Foraging termites feed upon the

baits and thoroughly distribute the hexaflu-

muron throughout the colony population.

Unlike conventional termiticides, hexaflumuron

is a slow-acting toxicant that kills termites only when they

molt, every 1-2 months. Thus, dead termites do not accu-

mulate around the bait that would otherwise repel other

foraging termites and prevent further uptake of the bait.

Several months may be required to achieve control but

the end result is complete elimination. Once the colony is

eliminated, a return to monitoring continues to detect

further termite activity.

Hexaflumuron targets only subterranean termites;

drywood termites and other insect species remain unaf-

fected. Also, it only impacts those colonies at or near the

site to be protected. Hexaflumuron can not be spread

over a large geographical area and thus threaten the

extinction of C.formosaurus as a species. In fact, experi-

mental results to date suggest that re-infestation always

occurs but at a slower rate than in the absence of hexa-

flumuron due to an overall decrease in termite popula-

tion levels around the site.

Field trials

NCPTT-sponsored field trials involving the use of

Sentricon have been conducted at a number of National

Park System sites particularly in the Southeast and the

Caribbean where subterranean termite activity is most

pronounced and threatens many historically significant

structures. In the greater New Orleans area the

annual cost of termite damage and treatment is

estimated at $300 million. The historic French

Quarter is particularly threatened because of

the widespread use of wood as a building material and

shared-wall construction practices that make pest con-

trol difficult (Freytag et al. 2000). Much of this damage

can be attributed to the Formosan subterranean termite,

which was introduced from Asia after World War II. This

species is characterized by extremely large colonies and,

unlike other subterranean termites, is capable of forming

aboveground nests.
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To date, the National Center for Preservation

Technology and Training has sponsored field work

involving the use of Sentricon at San Juan National

Historic Site, Statue of Liberty National Monument,

Cane River Creole National Historical Park, Virgin

Islands National Park, and New Orleans Jazz National

Historical Park. These trials represent a joint effort by

NCPTT and its partners—the University of Florida, the

New Orleans Mosquito and Termite Control Board, and

Dow AgroSciences—to advance our knowledge of sub-

terranean termite control in historic structures. In addi-

tion to establishing the efficacy of Sentricon, these trials

yielded considerable information regarding the ecology

and behavior of subterranean termites. They also provid-

ed opportunities to evaluate several new technologies for

detecting termite activity, including thermal imaging and

acoustic emissions. We highlight below the

methods used to (i) identify termite infes-

tation, (2) measure termite activity for bait

efficacy assessment, and (3) apply baits,

and the results from several of these trials.

Figure 2. The field trials

used three types of bait

stations to deliver the

hexaflumuron baits: (A)

in-ground Sentricon sta-

tion, (B) hard-style

aboveground bait sta-

tion, Recruit AG, and (C)

soft-style aboveground

bait station.

Identifying

termite infestation
The first step is to identify the whereabouts of termite

activity or damage. At the Statue of Liberty National

Monument, signs of termite activity such as swarming,

wood damage, and mud-tubes as noticed by park per-

sonnel led us to identify three sites of live termite activ-

ity in the structure (fig. 3): boiler room (BOL), display

case (DIS), and sally port (SAL). Another important

tool in identifying termite activity in soil is the survey

using wooden stakes (Su and Scheffrahn 1986).

Researchers drove spruce stakes in soil surrounding the

exterior walls of the monument to detect

termite activity. The survey revealed two

activity sites, one in the soil outside the

boiler room and the other at the sally port

exit (EXT) (fig. 3). As shown in figure 3,

researchers identified four clusters or

populations of the eastern subterranean

termite, Reticulitermes flavipes, at the

Statue of Liberty (Su et al. 1998).

Figure 3. Site inspection

and stake survey

revealed four clusters of

R. flavipes activity in the

Statue of Liberty

National Monument.

Termite activity was

measured using under-

ground (T) and above-

ground (ACM) monitor-

ing stations. Three types

of bait stations deliv-

ered hexaflumuron: in-

ground Sentricon sta-

tion (S), aboveground

bait station Recruit AG
(AGH), and soft-style

aboveground bait sta-

tion (AGS).

_=_.. ..,,...

.

V Statue of Liberty

National Monument
t Past termite infestations

* Monitoring stations (T, AGM)
* Aboveground bait

stations (AGS, AGH)
* In-ground Sentricon

stations (S)
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Measuring termite activity

Termite activity must be quantified before, during, and

after bait application in order to properly assess the

effects of the baits on the populations. Researchers used

several techniques to measure termite activity.

Underground monitoring station

At some sites, researchers replaced survey stakes with

underground monitoring stations composed of a plastic

collar containing a feeding block (Su and Scheffrahn

1986) (fig. 4A). Termite activity is quantified by measuring

the wood weight loss of the feeding block. The monitor-

ing stations also provide opportunities to conduct a

mark-recapture procedure to identify the foraging range

of the termite colony. In the Creole House of the Cabildo

complex in New Orleans, for example, researchers col-

lected workers of the Formosan subterranean termite

from a station in the courtyard and stained them with a

blue dye before releasing them back into the same station

(fig. 5). During the follow-up inspection they found blue

termites in the wooden floor of the second-floor office

(Su et al. 2000).

Aboveground monitoring station

Soil was not always accessible. Therefore, researchers

used an aboveground monitoring station similar to that

described by Su et al. (1996) (fig. 4B) to

measure the termite activity in some sites

such as San Cristobal of San Juan National

Historic Site.

Acoustic emission device

In addition to the monitor-

ing stations, researchers used

other methods such as

acoustic emission detectors

(AED) to measure termite

feeding in wood (fig. 6). The

detector recorded sound

waves of ultrasonic frequency

that were generated when ter-

mites broke wooden fibers.

Researchers used the device

to quantify termite activity in

the wooden floor of the dis-

play case in the Statue of

Liberty National Monument
(Su et al. 1998), and in wood-

en beams of the Fort

Christiansvaern of Virgin

Islands National Park.

Figure 5. Termites marked with blue dye

were released into a monitoring station

to delineate colony foraging range.
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Other methods of quantifying termite activity

At some historic sites, none of these tools could be

used because of preservation concerns. For these sites,

researchers counted the number of active monitoring

stations and any other signs of termite activity. In Fort

Christiansvaern of Virgin Islands National Park, for

instance, researchers counted newly emerged foraging

tubes of the subterranean termite Heterotermes sp. and

removed them at each visit so that any new termite activ-

ity would be recorded.

Bait application
Figure 6. The acoustic

emission detector (AED)

recorded sound waves

that were generated

when wooden fibers were

broken by termite

mandibles, and was used

to measure termite feed-

ing in wood.

In some places where soil access was

limited, researchers used aboveground

stations (Recruit®AG), which consisted

of a plastic box containing hexaflumuron

bait (fig. 2B, page 19). Researchers

attached the open-side of the Recruit AG
bait box over an active infestation so that

the bait was accessible to foraging ter-

mites. Researchers also experimentally

constructed another type of aboveground bait station,

the soft-style station, for use in several historic sites. This

station consisted of a flexible plastic pouch containing

hexaflumuron bait (fig. 2C, page 19) and, on its back side,

a removable flap surrounded by flexible adhesive. Soft

stations were attached over active infestations and the

removable flap was pulled to expose the bait. Because of

its flexibility, the soft station was adaptable to flat,

curved, or contoured surfaces.

Effects of hexaflumuron baits on

termite populations
Researchers measured termite activity at the Statue of

Liberty National Monument (see fig. 3) using under-

ground (T) and aboveground (AGM) monitoring sta-

tions. Additionally, they used three types of bait stations

to deliver baits to termite populations, including the in-

ground Sentricon station (S), the aboveground bait sta-

tion, Recruit AG, (AGH), and the soft-style aboveground

bait station (AGS). Termites fed on hexaflumuron baits as

soon as researchers placed a bait station inside the dis-

play case in August 1996 (fig. 7, DIS). The acoustic emis-

sion device detected 20-30 feeding

episodes per minute from the wooden
floor of the display case through fall 1996

to spring 1997, during which jR. flavipes

continued to feed on the baits. By March

1997, no termites were found in the bait

station, and the feeding activity in the

nearby wooden floor also ceased.

Jun

1997

A 1
SCI

" \i* 1 3

Figure 7. The researchers quantified termite activity as the acoustic emission taunt ,<

minute) in the display case of the Statue of Liberty National Monument (DIS), woe d 1

sumption rate (g wood per station per day) in the utility room of San Cristobal t 5 > ,

National Historic Site (SCI), and number of active sites such as newly emerged

tubes of Heterotermes sp. in a storage room of Fort Christiansvaern, Christian', f < 10 '..<••

Historic Site (CHRI3). Arrows depict applications of hexaflumuron baits. Number of act .

stations was also included to measure the overall termite activity during and aft 1 bait

applications.
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In March 1997, the subterranean termite Coptotermes

havilandi fed extensively on wooden blocks in two mon-

itoring stations in the utility room of San Cristobal (fig. 7,

SCI). In April, researchers applied hexaflumuron baits to

these stations, and after one month, C. havilandi activity

had declined significantly. By July no termites were

found in the monitoring station. Slight feeding on hexa-

flumuron baits continued in July and August. During this

time researchers found C. havilandi individuals in the

bait station that exhibited apparent symptoms of hexa-

flumuron effects such as marbled coloration on the

worker's abdomen. Since September 1997, no termite has

been found in this location.

Unlike Coptotermes sp. that is more susceptible to hexa-

flumuron, the response of Heterotermes sp. in Fort

Christiansvaern of the Virgin Islands National Park was

more erratic. After the initial baiting in a storage room in

August 1996, termite activity started to decline in

December, but new activity emerged in spring 1997 (fig. 7,

CHRI3). Despite repeated applications of baits through-

out 1997, termites continued to feed on baits and new for-

aging tubes kept appearing. Our persistent efforts seemed

to pay off when this second wave of termite activity

ceased in spring 1998. The cessation lasted for three

months, but in October 1998 termites reappeared in one

bait station. This third wave of light activity, however, did

not last as long as before. Researchers have found no ter-

mites or additional foraging tubes in this room since

December 1998, two months after termites began feeding

on hexaflumuron baits. The repeated cycles of activity

during bait application appeared to be common for

Heterotermes sp., which tend to have many small colonies

in one area.

Monitoring and inspection
After successfully eliminating termite populations at a

historic site, resource managers must establish a monitor-

ing program to continue protecting the site from further

termite infestation. At the Statue of Liberty National

Monument, for example, Sentricon stations installed in

soil surrounding the exterior wall of the monument have

been monitored quarterly since 1998, and no termites have

been found on Liberty Island. Termites are abundant in the

tropics and subtropics. Even after successfully eliminating

all detectable populations of Heterotermes sp. at Fort

Christiansvaern, Virgin Islands National Park, re-infesta-

tion by neighboring populations is likely. To date, the rou-

tine inspections by Park Service personnel have not

detected any new termite activity. If any sign of a new infes-

tation is detected, the baiting program will resume to elim-

inate the new population before severe damage occurs.

Conclusions

National Park System sites and monuments are ideal

environments for evaluating many new technologies for

the preservation of cultural resources. Recent studies

involving the use of baits containing the insect growth

regulator, hexaflumuron, have demonstrated that they

are safe and effective in protecting historic buildings

and structures against subterranean termites with no

adverse effect upon the cultural or surrounding natural

resources. Moreover, the introduction of baits did not

interfere with visitor services or the quality of the visitor

experience at the sites or monuments. [^
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ERSISTENCE
OF IIKAS

IN TWO LOW-ELEVATION NATIONAL MONUMENTS
IN THE WESTERN UNITED STATES

By Erik A. Beever

From the perspective of island biogeography (MacArthur

and Wilson 1967), national parks act as island reserves of

restricted management sprinkled within a matrix dominat

ed by commodity production and other human uses.

Nonetheless, recent research has highlighted the dramatic

changes (e.g., local extirpations, invasions of exotic species)

that can occur in flora and fauna even on lands where the pri-

mary management mandate is resource conservation (Svejcar

and Tausch 1991, Newmark 1995). The

legacy of past disturbances, influences

from adjacent lands, and climate change,

in addition to the isolation and relatively

small size of park units may all affect per

sistence of species within parks. In the

western United States, pikas (Ochotona

princeps) represent a model system that

may help ecologists to understand these timely and complex

relationships, as well as their implications for management in at

least two units of the National Park System.

RELICTS OF A COOLER TIME
Pikas are small (100-175 g [4-6 oz]) mammals typically found

in talus and other rocky habitats such as lava formations and

mine tailings (fig. 1). Paleoecological evidence suggests that

pikas were far more widespread during the late Pleistocene in

western North America than they are today (Grayson 1987).

"Climatic warming during the

past 10,000 years led to the

extirpation of most low-ele-

vation pika populations...."

Climatic warming during the past 10,000 years led to the extir-

pation of most low-elevation pika populations, producing the

modern-day relictual distribution of the species. In the inter-

mountain West currently pikas generally inhabit high-elevation

areas and are considered montane mammals. However, temper-

ature appears to limit their distribution more than elevation per

se (Hafner 1993). For example, high temperatures (25.5-294°C

[47.9-54.9^] ambient shade temperature) can be lethal to pikas

in as little as six hours, if they are caged on the surface of talus

and thus deprived of their behavioral mechanisms to avoid

stressful temperatures (Smith 1974).

Consequently, pikas may be early sentinels

of biological response to global climate

change such as increased temperatures,

although to date little fieldwork has been

done on response of terrestrial vertebrates

to climatic changes. Pikas' vulnerability to

high temperatures partly results from the

thick fur that insulates them against severe cold, because it also

inhibits evaporative cooling during warm periods. A mystery

remains, however, in whether acute (i.e., short-term) thermal

stress, from high maximum temperatures, or chronic thermal

stress over a pika's lifetime (resulting from living in hotter, drier

climates) most affects pika persistence. Furthermore, as is true

for most mammals, we know little about how thermal stresses

interact with other potential stresses to pika populations such as

small habitat area, catastrophic fires, human disturbance, and

livestock grazing.

Figure 1. Often heard but not seen,

pikas typically inhabit high-elevation

talus slopes in the western United

States. However, the unusual occur-

rence of low-elevation pika popula-

tions in two western U.S. national

monuments prompted the author to

investigate their persistence and to

evaluate implications for manage-

ment of the species.
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Symbol Key
100 100 200 Kilometers

, Pika populations extirpated

during the 20th century

q Pika populations that

remain extant

p. Archaeological or paleological

records of pikas

• v ' State political boundaries

/\/ Hydrographic Great Basin

I Elevations > 2286 m

Figure 2. Pika surveys took place at 25 locations in the internally drained (interior) Great Basin; at Craters of the Moon and

Lava Beds National Monuments where low-elevation populations of pikas persist; and at Hell's Half Acre, a low-elevation

site near the monuments that lacks pikas but has similar habitat.
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In the Great Basin (where precipitation drains internally

rather than to an ocean; fig. 2), persistence of pika populations

during the 20th century was significantly correlated with habitat

area, elevation, longitude, distance to primary roads, latitude,

grazing status, and management jurisdiction (wilderness vs.

non-wilderness), but not with isolation of populations from the

Sierra Nevada or Rocky Mountains (Beever

1999). Island biogeography theory predicts

greater rates of extinction on islands (which

may be oceanic or island-like pockets within

continents) that are smaller in area and more

isolated from the mainland, but does not make

direct predictions about the other factors.

Thus, the fact that isolation from Sierra

Nevada or Rocky Mountain "mainlands" is

not important in pika extirpations suggests

that migration of pikas between mountaintop

islands is not occurring currently. Rather, it

appears that extirpation of populations from

montane areas across the Great Basin is

occurring without any concomitant coloniza-

tion events. Average temperatures generally

decrease with increasing latitude and eleva-

tion, thus latitude must be accounted for when

assessing persistence at different elevations.

Pikas at Craters of the Moon and Lava Beds

National Monuments (hereafter, "Craters"

and "Lava Beds") occurred historically at ele-

vations lower than predicted by the monu-

ments' latitude, when compared with the lati-

tude-elevation relationship among historic

pika sites in the Great Basin (fig. 3). Pikas do

not usually persist at low elevations (and con-

sequently, high temperatures), and many of

the lowest-elevation populations in the Great

Basin have recently become extirpated, includ-

ing seven recorded from 1925 to 1941 (see fig. 3)

For these reasons I sought to determine

whether pika populations that had been noted

historically in Craters and Lava Beds have con-

tinued to persist. If pikas had persisted, then I

also sought to explore potential mechanisms that have allowed

them to persist in such apparently harsh conditions.

STUDY SITES
Craters consists of 29,000 hectares (71,659 acres) of volcanic

craters, cones, 2,000- to 15,000-year-old lava flows, caves, and

fissures at the interface of the Snake River Plain and the south-

east edge of the high, mountainous region of central Idaho (see

fig. 2). Elevations in the monument ranged from 1,590-1,990 m
(5,217-6,529 ft) at the time of sampling (1995), but the November

2000 expansion of the monument incorporated areas into the

monument as low as 1,280 m (4,200 ft). Lava Beds occurs in

northeastern California on the north flank of the Medicine Lake

shield volcano that erupted 17 times between 800 and 12,800 cal-

endar years ago (Donnelly-Nolan et al. 1990; see fig. 2). The vol-

cano covers about 2,000 sq km (772 sq mi) and lies about 50 km

(31 mi) east-northeast of Mt. Shasta in the southern Cascade

Range. The monument's 18,850 ha (46,578 acres) occupy about

10% of the area of the volcano, and encompass cinder cones,

E

•I 1600
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1200

• Extirpated interior Great Basin population

O Extant interior Great Basin population

O National Park population

37 38 39 40 41 42 43 44
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Figure 3. Persistence of pika populations during the 20th century in the intermountain

West, at different elevations and latitudes. Open circles represent sites in the interior

Great Basin where pikas remain extant, and closed circles represent pika populations that

became extirpated in the late 20th century. Open squares represent Craters of the Moon
and Lava Beds National Monuments, where pikas were recorded during the mid to late

20th century. The solid line represents the relationship between elevation and latitude

among the 25 sites in the interior Great Basin at which pikas were previously recorded,

and dotted lines represent 95% confidence intervals around the solid line.

spatter cones, and over 440 lava tube caves at elevations between

1,230 and 1,650 m (4,036 and 5,414 ft). Pikas are one of the more

charismatic mammal species in the monuments, and are more

frequently heard than seen. They are one of six lagomorph and

48 mammal species known from Craters, and one of three lago-

morph and 53 mammal species known from Lava Beds.

To provide a comparison of a low-elevation area with exten-

sive potential pika habitat that was geographically closer to the

monuments than the interior Great Basin sites, I also sampled

three locations in the Hell's Half Acre lava flow in south-central

Idaho from 17-19 July (see fig. 2). We chose this site because it

has extensive amounts of talus-like habitat, much of which

occurs at large distances from primary roads; the site also has a
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similar range of elevations to Craters, but experiences different

management. These factors played the most important roles in

determining persistence of pika populations in the interior Great

Basin during the 20th century. Because historic records of pikas

in the vicinity of Hell's Half Acre do not exist, it would be diffi-

cult to ascribe a cause to the absence of pikas there, if we could

not detect them. Ideally, other low-elevation sites outside but

near either monument having historic records of pikas would

have been preferable, but we were not aware of any such sites. In

associated research, I also re-sampled populations of pikas

recorded between 1916 and 1990 at 25 sites ranging in minimum

elevation from 1,680-3,139 m (5,512-10,300 ft) throughout the

interior Great Basin in summer from 1994 to 1999 (fig. 2).

METHODS
I re-visited locations in Craters from 14-17 July 1995 and in

Lava Beds from 22-24 Ju 'v !995 where pikas had been observed

in previous decades, and I sampled sites at Hell's Half Acre from

17-19 July 1995. Sampling occurred on lava formations for three

days at each site (i.e., Lava Beds, Craters, and Hell's Half Acre),

totaling between 15.5 and 18 hours of censuses per site. I chose

specific sampling locations in the monuments based upon pres-

ence of precise historic records, relative accessibility, and the

desire to sample broadly within each monument. Sampling at

interior Great Basin sites occurred on taluses for 8 hours per

site in summer between 1994 and 1999, or longer (up to 20 hr)

if I could not detect pikas at the site.

During slow-walking transect surveys through lava forma-

tions, I recorded locations of pika sign (e.g., sightings, calls, and

fresh hay pile sightings) using a handheld global positioning

system unit without differential correction (precision ± 100 m
[328 ft]). I used standardized recording criteria to avoid count-

ing multiple types of evidence from the same individual. I also

made observations on the natural history of pikas sighted with-

in the monuments.

To compare climatic conditions at pika sites in the interior

Great Basin and in the monuments, I used PRISM data (Oregon

Climate Service, Corvallis) that interpolate values between cli-

mate stations across the region, and account for factors such as

elevation and aspect. These estimated climatic values represent

averages from the years 1961-1990, at a resolution of 4 km (2.4

mi). I compared annual precipitation and averages of the maxi-

mum daily temperatures for the months of June, July, and

August among sites in the interior Great Basin where pikas have

been extirpated recently, sites in the Great Basin where they

remain extant, and the three volcanic sites (Craters, Lava Beds,

and Hell's Half Acre) adjacent to the Great Basin.

RESULTS

Persistence

In Lava Beds, I detected a minimum of 10 pikas (6 sightings,

<4 calling individuals) from 9 sites, out of 16 sites visited (table 1).

Pikas were detected at five of nine sites very near to where they

were documented in monument records (1960-1991), and at four

of eight sites more distant from historic locations. In Craters, I

detected a minimum of 27 pikas (8 sightings, < 18 calling individu-

als, and one active hay pile) at 8 of 12 sites visited. Pikas were

detected at four of five historic locations (and an inactive hay pile

was found at the fifth location), and at four of seven sites slightly

more distant from historic locations. No pikas were detected at

any of seven locations searched within Hell's Half Acre.

Climatic analyses
Loss of pika populations at study sites in the interior Great

Basin occurred at sites that were on average 20% drier and

8-10% warmer than those at which populations persisted (table 2,

page 28). However, the Craters and Lava Beds Monuments, where

pikas persist, experience climates that are an estimated 18-24%

drier annually and 5-11% warmer during the hottest months of

the year than climates at areas of even extirpated pika popula-

tions in the interior Great Basin (table 2). Hell's Half Acre, from

which pikas are not known in recent times, received an estimated

average of 22-28% less precipitation annually and experienced

temperatures 3-5% hotter than Craters and Lava Beds.

Natural history

Other mammals observed in Craters lava fields included chip-

munks, yellow-bellied marmots, and golden-mantled ground

squirrels. From my observations in Craters, pikas apparently use

different parts of the volcanic landscape than chipmunks and

squirrels, at least during summer. Whereas ground squirrels and

chipmunks are more frequently found on flatter areas with less

complex relief (usually pahoehoe or short aa lava formations or

areas with extensive sagebrush vegetation), pikas appear to fre-

quent lava tubes, caves, and valley trenches 2-5 m (6.6-16.4 ft)

deep. I observed several mountain cottontails along margins of

lava flows in Lava Beds, but did not observe them well within

the lava flow, where pikas were often seen. Although other

mammals were less plentiful at Hell's Half Acre, birds were rela-

tively more abundant.

Although pikas in the monuments dedicated significant

amounts of time to vigilance, numerous individuals were less

responsive to the presence of nearby humans than were pikas at

sites in the interior Great Basin. Whereas I could never

approach pikas to a distance less than 13-15 m (42.6-48.2 ft) in

the interior Great Basin, I came within 20 cm (8 in) of stepping

on one at Craters. Furthermore, one individual on the Devil's

Orchard Trail seemed so habituated to humans that it remained

above the lava surface for 5-8 minutes when a group of about 25

relatively boisterous visitors approached it to within 10 m (33 ft).

DISCUSSION

Persistence of low-elevation pikas:

climatic and other influences

Loss of pika populations from lower elevations and latitudes,

such as the loss of nearly 30% of interior Great Basin popula-
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Table i: Locations sampled for pikas in Lava Beds and Craters of the Moon National Monuments, July 1995.

Location

Heppe Ice Cave

Catacombs parking lot

Juniper Cave

Catacomb Cave,

upper Sentinel entrance

Maze Cave collapse

Merrill Ice Cave

Thunderbolt Cave,

upstream entrance

Lower Sentinel entrance

Indian Well Cave

Symbol Bridge

Skull Cave road

Fleener Chimneys area

Schonchin Lava Flow

Trail to Black Crater;

Battlefield Trail

Devil's Homestead Lava Flow

TOTALS
(N = 15 sites, 22 searches)

Elevation (m)

1610

1525

1510

1490-1525

1490

1490

1490

1475

1450

1440

1400

1365

1340

1340

1280

Mean = 1450 m

Search effort (hr)*

0.75

2.00

0.50

2-50 [3]

1.00 [2]

1.50

0.25

o-75 [3]

0.50

1.00 [3]

1.00

0.75

1.00

0.75

0.50

Date of historic record,

if available

1991

1961, 1962

i960

1963

1962

1990

1972

1984 I

Pikas detected in

1995 survey?

No

Yes

No

Yes

No

Yes

No

Yes

Yes

Yes

No

Yes

No

Yes

No

10 individuals

North Crater Flow trail

Base of North Crater

Scenic turnout near Spatter

Cones parking lot

Highway Flow

Spatter Cones,

trail to Big Crater

Trail to Buffalo Caves

Picnic table turnout

Base of Big Sink,

Tree Molds Road

Jet of main loop road
and Tree Molds road

Caves Area Trail

to Needles Cave

Devil's Orchard Trail

Caves Area Trail

: 12 sites, 13 searches)

1750

1750

Mean = 1790 m

3.25

2.25

1989, 1990

1991

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

27 individuals

* Number of searches (if >i) appear in brackets

tions recorded during the 20th century, is consistent with losses

that have occurred over the last 14,000 years (Grayson 1993).

Given the recent extirpation of pikas from low-elevation sites

within 150 km (93 mi) of Lava Beds (Beever 1999; fig. 2), current

persistence of pikas in Craters and Lava Beds National

Monuments is noteworthy. Although population losses in the

Great Basin occurred not surprisingly at sites that were drier

and warmer than those at which populations persisted, estimat-

ed climates at Lava Beds and Craters were notably drier and

i

hotter than even those locations in the Great Basin where pikas

have been recently extirpated. However, the tubes, caves, and

deep, complex lava formations that occur across both monu-

ments undoubtedly provide pikas with relatively cool refugia

during times of heat stress. Interestingly, though, pikas were not

exclusively confined to caves and lava tubes during my July sur-

veys, suggesting that temperature influences provide only a par-

tial solution to the mystery of how pikas persist in these monu-

ments. Pika behavior plays a substantial role in mediating the
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Table 2. Estimated climatic conditions at areas in the interior Great Basin where pikas remained extant and where they were extir-

pated during the 20th century, and at two low-elevation national monuments adjacent to the Great Basin that still contain pikas.

Sites (N = 18) in the interior

Great Basin with extant

pika populations

Sites (N = 7) in the interior

Great Basin with extirpated

pika populations

Lava Beds National

Monument

Craters of the Moon
National Monument

Hell's Half Acre

1V'Vt''\%lul9w'<it\UM

1,798-3,612 m
(5,900-11,850 ft)

1,680-2,877 m
(5,512-8,600 ft)

1,230-1,650 m
(4,036-5,414 ft)

1,590-1,990 m
(5,217-6,529 ft)

1,400-1,630 m
(4.593-5,348 ft)

Average annual

I I)H*)I UlrMHOtBlHHTfcJ M

SE [standard error])

58.9 + 6.2

47.4 ± 7.0

36..

38.8

28.1

June maximum

19.3 - 0.7

21.3 ± 0.5

23.6

23.5

24.4

July maximum

24.7 + 0.6

26.6 + 0.6

28.6

29

30.1

August maximum

24.8 ± 0.5

26.7 ± 0.5

28.2

29.0

'Represented are the lower end of talus at the lowest sites in each category (lowest elevation currently with pikas, for the lowest site with an extant population in the

interior Great Basin), and the highest elevation of talus habitat within 3 km of the location of the historic record of pikas (among all sites in the group).

"Average of daily maximum temperatures for days in June (values indicate average ± 1 SE when >i site).

effects of thermal stress, and measuring

temperature regimes that pikas experi-

ence throughout the day and across sea

sons may provide another clue to

understanding how they persist in these

low-elevation areas.

In both monuments, pikas apparently use habitats that fulfill

three requirements. First, pikas generally inhabit large, contigu-

ous areas of (rocky) volcanic habitat, as opposed to isolated

pockets of lava formations. Second, although pikas were not

always located near edges of lava flows, areas with pikas pos-

sessed average or greater amounts of vegetation accessible with-

in distances comparable to dimensions of home ranges. Finally,

pikas appeared to be associated at the fine scale with microto-

pography characterized by rocks large enough to provide space

for subsurface movement and tunneling (as is found in aa and

block lava flows), as opposed to the smooth pahoehoe lava flows

that have little relief. Because collapsed lava tubes, lava flow

margins, cave entrances, fault scarps, fault cracks, and internal

talus zones all provide talus-like areas that pikas may inhabit,

geologic mapping of the monuments may provide additional

insight into pika distribution.

In contrast to our relatively clear understanding of the climat-

ic effects on pika distribution, the exact extent to which human-

related activities such as livestock grazing, altered fire regimes,

clear-cutting of adjacent forest cover, and other influences on

lava habitats affect pika population dynamics remains in need

of clarification. While the systems of caves and lava tubes have

undoubtedly facilitated persistence of pikas in the monuments,

other factors that may contribute to their persistence in these

low-elevation areas include: extensiveness and connectivity of

lava habitats, relatively close proximity (30-80 km [18.6-49.7

mi]) to other known pika strongholds (Hafner 1994; J. Villegas,

"Pika behavior plays a substantial

role in mediating the effects of

thermal stress...."

2001, personal communication), physi-

cal complexity of lava formations, rela-

tive inaccessibility for humans, and

wilderness management. Although

Hell's Half Acre possesses extensive

lava flows, amounts of vegetation comparable to that of Craters,

proximity (<i30 km [80.7 mi]) to three other pika populations,

and is relatively inaccessible over much of its area, it has fewer

caves and lava tubes, a less convoluted lava structure, and a hot-

ter, drier climate than Craters; and it is managed as a multiple-

use recreational area.

This research does not allow conclusive understanding of to

what degree the effects of wilderness management, habitat

extent, and physical structure of habitats have contributed to

persistence of monument populations of pikas while other low-

elevation (interior Great Basin) populations have suffered extir-

pation. Although manipulative experiments, which provide

stronger inference about cause-effect relationships, are not fea-

sible within the monuments, two avenues of observational

research may prove fruitful. Broad sampling for pikas in numer-

ous caves and tubes within and around the monuments would

afford greater understanding of the range of conditions (with

respect to temperature, humidity, cave size and habitat extent,

isolation from other populations, and human activity) that sup-

port pika populations. During sampling, collection of tissue

samples from individual pikas would allow comparison of

genetic differences among known pika populations and would

suggest relative rates of gene flow among them. Correlation of

genetic results with potentially isolating features (e.g., roads,

surrounding non-talus habitat, different systems of lava tubes)

and management actions (livestock grazing, fire frequency)

would provide a basis for generating hypotheses as to which

factors, if any, have constrained pika distribution.
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MANAGEMENT IMPLICATIONS
Persistence of pikas, at least in the interior Great Basin,

appears to be a function of extent of habitat, distance to pri-

mary roads, and maximum elevation of habitat to which pikas

can migrate (which should dictate pikas' ability to respond to

climate change) (Beever 1999; Beever et al. forthcoming).

Additionally, pika population size relates to the presence of live-

stock grazing in some cases (Beever 1999; Beever et al. forth-

coming). Therefore, management actions may hold great impor-

tance for pika persistence. For most species, persistence

depends critically on the amount, spatial distribution, and qual-

ity of appropriate habitat. Although removal or physical degra-

dation of lava and talus habitats are not likely over ecological

time scales, habitat quality for pikas may be compromised by

the following: consistently higher ambient temperatures (e.g.,

due to climate change); altered composition of forbs and grass-

es in and adjacent to lava flows (e.g., because of altered fire

regimes, exotic species, or uncharacteristically intense levels of

grazing at flow margins); and significant fragmentation of lava

habitats (e.g., road construction). Pika persistence at low-eleva-

tion sites may also be affected by disturbance or alteration of

pika habitats by humans or livestock (e.g., nutrient deposition

by livestock in large caves J. Villegas, 2001, personal communi-

cation], human disturbance of hay piles). Because human dis-

turbance of lava flows to this point has been confined primarily

to areas near roads or trails during warmer months, these latter

influences probably have been minimal.

Isolation of Great Basin pika populations from the Sierra

Nevada or Rocky Mountains is one of few variables that does

not predict persistence in the Great Basin. This phenomenon

probably occurs because talus habitats in the Great Basin are

separated by vast areas of non-talus habitat that usually lie at

low elevation, and pikas are unlikely to traverse these areas

under current climatic conditions. In contrast, the recent nine-

fold expansion of Craters' area creates the possibility for pro-

moting pika persistence across the more continuous lava habi-

tats along the Great Rift, to the extent that the monument

explicitly manages for vertebrate conservation. Although con-

nectivity among volcanic habitats may not change with monu-

ment expansion, changes in management in the area may alter

effective connectivity. Thus, although Newmark (1995) conclud-

ed that national parks in western North America are too small

to support viable populations of large mammals, actions such as

monument expansion and others described earlier may help

prevent loss of noteworthy pika populations from these low-

elevation monuments.
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ATMOSPHERIC NITROGEN DEPOSITION:
Implications for managers of western U.S. parks

By Thomas Meixner, Edith B. Allen, Kathy Tonnessen, Mark Fenn, and Mark Poth

Deposition of atmospheric pollutants has the ability to impact even the most remote por-

tions of national parks and damage ecological and scenic resources. Atmospheric

deposition of nitrogen can affect the health and biodiversity of terrestrial

and aquatic ecosystems. For example, aquatic ecosystems can be

impacted by acid rain and terrestrial ecosystems can be fertil-

ized by atmospheric deposition. This fertilization of ter-

restrial ecosystems may in turn lead to decreases in bio-

diversity. Also, leaching of large quantities of nitrate

from terrestrial ecosystems into streams might impact

aquatic ecosystems through eutrophication (i.e., nutri-

ent enrichment in places like Lake Tahoe, for example)

or possibly by direct toxicity to fish and amphibians.

The impact of nitrogen deposition on terrestrial and

aquatic ecosystems depends on a number of variables,

including meteorological variability, vegetation type,

historical land use, fire history, hydrology, and proximi-

ty to the pollution source. In the eastern United States

research on atmospheric deposition has generally

focused on the problems of acid rain and its impacts on

terrestrial and aquatic ecosystems. The problems in the

East tend to be more widespread than in the western

United States and while many of the issues are similar in

the two regions there are differences that prevent sim-

ple extrapolation from one ecosystem to the other. This

report will focus on western systems since they have

historically not been studied as much as the more

humid systems typical of the eastern United States.

Ongoing research in three different western U.S. ecosys-

tems—alpine lakes and tundra in the Front Range of the

Rocky Mountains and the Sierra Nevada, conifer forests

in southern California, and the coastal sage scrub of

southern California—is examining nitrogen deposition

and its varied impact on these systems. While these

ecosystems are by no means ubiquitous, they do have

analogs throughout the National Park System and the

United States.
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"Factors such as ecosystem bioma
proximity to urban areas, and
meteorology affect ecosystem

sensitivity to nitrogen deposition.

Impacts on
western U.S. ecosystems

A comparison of alpine ecosystems in the Rocky

Mountains and in the Sierra Nevada and their different

exposures and responses to atmospheric deposition can

provide insight into how factors such as ecosystem bio-

mass, proximity to urban areas, and meteorology affect

ecosystem sensitivity to nitrogen deposition. Alpine

ecosystems are sensitive to nitrogen deposition because

very little soil and only sparse vegetation

i

exists to cushion the impacts of atmos-

pheric deposition. The alpine zone of the

eastern slope of the Front Range of the

Rocky Mountains appears to have been

impacted by changes in atmospheric dep-

osition, with stream nitrate concentrations much higher

than on the western slope of the Rockies. In contrast,

the alpine zone of the Sierra Nevada has exhibited no

significant change in ecosystem dynamics or in stream

water quality despite the proximity of large cities in

California to the mountains. The lack of summer rain

originating from polluted air masses in the Sierra

Nevada and the stable inversion over the Central Valley

of California limit nitrogen deposition in the alpine

zone during the summer months. Much of the precipi-

tation in the Sierra Nevada is winter snow that comes

from clean, Pacific air masses that have limited interac-

tion with industrial or urban areas. The Front Range

of the Rockies appear to have higher rates of nitrogen

deposition than the Sierra Nevada alpine zone. In

art, this is because of its proximity to the Denver

metropolitan area in combination with more sum-

mer rain. These factors encourage the deposition

of pollutants from the urban air mass (fig. i). Also,

dry deposition of nitrogen is likely limited in the

Sierra Nevada compared to the Front Range

because this form of atmospheric deposition

decreases rapidly as distance from

the source increases. Nevertheless,

although the alpine zone of the

Sierra Nevada is not currently being

impacted by nitrogen deposition,

impacts may be occurring in the

lower conifer and chaparral zones

of the range. These areas are exper-

iencing much higher dry deposi-

tion rates than the alpine zone.

E
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Figure 3. Soil nitrogen gradient in sites lying north to south in the

coastal sage scrub ecosystem of the Riverside-Perris Plain, California.

Biodiversity at these sites is inversely proportional to nitrogen con-

centrations in the soil with the highest biodiversity at the southern

(low concentration) end of the gradient and the lowest biodiversity at

the northern (high concentration) end of the gradient.

Conifer forests demonstrate the importance of hydro-

logical and meteorological processes and ecosystem

biomass on ecosystem sensitivity to nitrogen deposition

(fig. 2, page 31). In contrast to the sensitivity of alpine

ecosystems, the ponderosa and Jeffrey pine forests of

southern California appear to be fairly resistant to

increases in atmospheric nitrogen deposition at least in

the short term. This resistance is despite the 30-40 kg

nitrogen per hectare (163-217 lb/acre) per year that the

most exposed forests receive (compared to about 2

kg/ha [11 lb/acre] in the alpine Sierra Nevada and 4-8

kg/ha [22-43 lb/acre] in the alpine Front Range). The

interaction between hydrology and plant physiology

appears to control the susceptibility of this ecosystem to

nitrogen deposition. Summertime dry deposition of

particulates and nitrogen-based gases dominate deposi-

tion in this ecosystem. Winter rains, which arrive when
the vegetation is generally dormant, flush the atmos-

pheric deposition rapidly off the vegetation and out of

the soil, sending a large pulse of nitrate into the streams

of the San Bernardino and San Gabriel Mountains.

When trees become active again in spring much of the

nitrogen available to the plants has been leached out.

The high rates of atmospheric deposition have

increased plant nitrogen uptake, and physiological func-

tioning has been altered by increased nitrogen deposi-

tion in these systems. Despite these changes fertilization

experiments show that the vegetation will still respond

to additional nitrogen. Conifer forests might also be

more resistant in the short term because of the relative

long life of conifer trees. These conditions indicate that

nitrogen deposition is having a slower, less visible

impact on the terrestrial component of the conifer

ecosystem than it is on nearby aquatic systems.

Coastal sage scrub ecosystems may be among the

most sensitive terrestrial environments because of their

relatively closed hydrology and low biomass. Nitrogen

deposition has been implicated in the replacement of

native grasses and shrubs by invasive grasses, which

have led to a decrease in biodiversity in areas of south-

ern California previously dominated by coastal sage

scrub vegetation (figs. 3 and 4). Coastal sage scrub is

especially susceptible to nitrogen deposition on account

of dry summers when nitrogen deposition is highest

and nitrogen accumulates, followed by moist, relatively

warm winters when the accumulated nitrogen becomes

available for the growth of native and exotic species.

Unlike the conifer forests, sage scrub is biologically

active during winter, and plants rapidly respond to the

onset of winter rains with the growth of shrubs, annual

forbs, and grasses. Low rainfall in the coastal sage scrub

accounts for very little nitrogen leaching out of the root

zone of most vegetation. Thus, atmospherically deposit-

ed nitrogen in soil is available throughout the winter

growing season. The exotic grasses are biologically

designed to take advantage of the excess nitrogen, while

Figure 4. This coastal sage scrub site near Riverside, California, has been

degraded by atmospheric nitrogen deposition. Note smog in the back-

ground.
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the sage scrub has lower rates of nitrogen uptake.

Exotic grasses are prolific seed producers and have an

increased fire cycle. These factors along with increased

productivity from nitrogen deposition are allowing

exotic grasses to replace the native sage scrub.

Susceptibility of ecosystems
These three case studies allow us to derive a number

of rules of thumb about the susceptibility of natural

ecosystems to nitrogen deposition in the near future. (In

the long run, if nitrogen deposition continues, all of

these ecosystems will likely change.) The closer an

ecosystem is to a large city the greater the likelihood for

ecosystem damage from nitrogen deposition (e.g., Front

Range of the Rockies and coastal sage scrub).

Ecosystems dominated by storms originating at sea that

do not move through major urban or industrial areas

are less susceptible to nitrogen deposition (e.g., the

Sierra Nevada, fig. 5). Terrestrial ecosystems that are

dormant during the peak time of nitrogen availability

are less susceptible to the impacts of nitrogen deposi-

tion, whereas aquatic ecosystems might be more sus-

ceptible (e.g., the conifer forests of southern California).

Ecosystems with high biomass (e.g., conifer forest) are

less susceptible to nitrogen deposition than those with

low overall biomass (e.g., alpine tundra and coastal sage

scrub). Ecosystems with low rainfall (e.g., coastal sage

scrub) are more susceptible to the effects of nitrogen

deposition than systems with relatively high rainfall

rates (e.g., southern California coniferous forests)

because the nitrogen is not substantially flushed out of

the root zone of most plants.

Implications
Work remains on the occurrence and susceptibility of

ecosystems to atmospheric nitrogen deposition. Still,

enough evidence has been compiled for managers to be

"Resource managers should

be encouraged to spend theii

time and funds on studying

[nitrogen deposition]."

Figure 5. Researchers conduct a survey of the quantity and quality ofsnow
in the Emerald Lake watershed in Sequoia National Park. Sierra Nevada

alpine watersheds appear to be unaffected by atmospheric deposition due

to the clean, marine-air origin of much of the precipitation in the range.

concerned about the possible impacts of nitrogen depo-

sition on the natural resources of our western national

parks. Western U.S. problems with nitrogen deposition

are more localized in areas impacted by urban air mass-

es. Thus these problems differ from the more wide-

spread, and in some cases more severe, problems pres-

ent in eastern national parks such as Shenandoah and

Great Smoky Mountains National Parks. In particular,

managers of western national parks near urban areas

(e.g., Rocky Mountain, Sequoia-Kings Canyon, Joshua

Tree, Yosemite, and Saguaro National Parks and Santa

Monica National Recreation Area) should be aware of

issues involving atmospheric deposition, and resource

managers should be encouraged to spend their time and

funds on studying this issue. The types of studies that

might be done to understand the susceptibility of

ecosystems to nitro-

gen deposition

include water quali-

ty monitoring in the

parks over a num-

ber of years, meas-

urements of soil or litter carbomnitrogen ratios, and

monitoring of vegetation to investigate nutrient ratios of

standing vegetation. [^
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DEVELOPMENT OF NATURAL RESOURCE PROFESSIONALS IN THE NORTHEAST REGION

An innovative training program

enhances science-based management By Kathiee„Kodish Reeder

The Northeast Region's FY 2001-2005 Natural Resource

Challenge plan emphasizes that information derived from rig-

orous scientific research is the best foundation for making

management decisions affecting natural resources. Many natu-

ral resource managers are working to make their parks centers

for broad scientific and scholarly inquiry by using science-

based standards to determine the condition of their natural

resources, and to evaluate the success of resource preservation

and restoration strategies. Accordingly, the Northeast Region

(NER) has established agreements with scientists at universi-

ties and research agencies such as the U.S. Geological Survey to

conduct research in the parks. In many instances, however,

natural resource managers believe that they can implement sci-

ence-based management most effectively by improving the

level of scientific expertise within the parks.

In 1998 this belief led the Northeast Region to create an

ongoing program designed to support two National Park

Service (NPS) employees, one from the New England Cluster

and the other from the Chesapeake-Allegheny Clusters, in

their pursuit of an approved, graduate-level course of study in

the natural and physical sciences. According to Marie Rust,

Regional Director, "It is our intent, through this Natural

Resource Professional Development Program [NRPDP], to

enhance the natural resource academic credentials and skill

levels of our region's resource managers so that we will have

the ability to effectively resolve the many complex issues

threatening our park resources." Once a participant has com-

pleted the development program, new applications are accept-

ed from that cluster for the subsequent fiscal year.

Program profile

Participants, who must be permanent park or support office

employees, are competitively chosen by a panel comprising

Figure i. Formed during

the last Ice Age, kettle

ponds are a primary

resource of Cape Cod

National Seashore. One

of the first participants

of the Natural Resource

Professional Develop-

ment Program, Krista

Lee, studied the geo-

chemical processes that

influence water quality

of the ponds.

regional and park natural and human resource professionals.

While individuals may pursue advanced training in any of the

natural or physical sciences, certain academic disciplines are

given priority: hydrology, limnology, coastal geology, fisheries

biology, aquatic ecology, botany, forestry, and wildlife ecology.

In the essay that accompanies the application, applicants

describe their previous or current graduate-level courses and

explain the field of study or research (if appropriate) they

would pursue. If selected for the program, they sign an agree-

ment that formally describes their objectives and stipulates the

length of time that they are expected to continue working for

the National Park Service after training (typically time equal to

the length of participation in the program). To remain in the

program, individuals must maintain a "C" grade point average;

employees who fail to complete the program or meet any of the

other requirements are liable for the full cost of any funds

received while participating in the program. Since the purpose

of facilitating advanced education is to raise the staff's level of

scientific expertise, the review panel gives priority to individu-

als who show promise, but have limited or no experience

designing or supervising research studies involving natural

resources in the parks.

According to Mary Foley, Regional Chief Scientist of the

Boston Support Office, the Natural Resource Professional

Development Program offers the flexibility and financial sup-

port that make pursuing advanced study more feasible than

traditional post-graduate or training options. For example, the

regional Natural Resource Program provides each participant

up to $25,000 per year to cover the costs of tuition, books, or

research activities while the employee continues to receive reg-

ular pay and benefits. After completion of training or study, the

employee returns to his or her duty station. The training objec-

tives are individually designed by the selected applicant, his or
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her supervisor, the support office chief scientist, and the

appropriate university faculty so that the skills being acquired

(and even the research activities themselves) can complement

the park's natural resource goals. Within the parameters of the

program (a maximum of three consecutive years), the natural

resource professional and his or her park manager can deter-

mine the best schedule for the employee and the park, result-

ing in a variety of possible combinations of part- or full-time

study and regular duty. Negotiations can also result in unused

program funds being made available to the applicant's park if

they are needed to fill the vacated position while the partici-

pant is in training.

With the recent completion of the program by the first two

participants, it has already become clear that there is a strong

"return-on-investment" on several levels. The knowledge and

experience acquired by these graduates have shown that the

program can benefit not only the individuals and their respec-

tive parks, but also the National Park Service as a whole, and

many of the agencies and institutions that are their partners in

natural resource conservation.

"To understand the influ-

ence of groundwater on

the kettle ponds, Ms. Lee

needed a basic under-

standing of Cape Cod's

hydrologic budget."

Cape Cod case study
Krista Lee, a chemist with the North Atlantic Coastal

Laboratories at the Cape Cod National

Seashore (Massachusetts), was accepted

into the development program in fall 1998

and concluded her studies in December

2000. Ms. Lee's course of study included

earning 32 credit hours at Boston

University and writing her master's thesis in

earth sciences with a concentration in envi-

ronmental geochemistry. When she was not

in classes or conducting field research, she

was working at her position with the National Park Service.

The motivation for her research was the need to analyze the

geochemical processes that influence the water quality of the

cape's freshwater kettle ponds. These ponds, formed during

the last Ice Age, are a primary and unique natural resource at

Cape Cod National Seashore.

To understand the influence of groundwater on the kettle

ponds, Ms. Lee needed a basic understanding of Cape Cod's

hydrologic budget. In this phase of her Figure 2 , An early participant

research she employed mathematical

hydrologic modeling and GPS (global

positioning system) technology to assess

the local hydrologic setting around two of

the ponds. Duck Pond, an isolated basin

primarily influenced by precipitation and

groundwater, and Gull Pond, which is

stream-fed, were chosen by Ms. Lee

because their differences offered the

opportunity to learn the effects of several

variables on kettle pond geochemistry

(fig-i).

In order to analyze the water quality of both sites and the

surrounding groundwater, Ms. Lee quantified trace elements

by using a spectroscopy technique that reveals very low levels

of elements in the samples based on the light energy those ele-

ments emit. Ms. Lee identified the nutrients present in the

pond water and groundwater by conducting flow injection

analysis, a technique that uses color chemistry to indicate lev-

els of nutrients in the samples. Identifying the primary internal

and external sources of nutrients yielded the "nutrient budg-

et" of the ponds. Knowing how to determine the typical annu-

al budget for a pond will be helpful in determining the source

and impact of nutrients and trace elements on the ponds in the

future.

Ms. Lee's advanced studies have already benefited Cape Cod

National Seashore because they quantify the trace elemental

and nutrient levels of the surrounding groundwater influenc-

ing the ponds. Since the quality of the kettle ponds will be

affected by future development and visitor use, managers must

have the ability to monitor groundwater and pond water

changes. With her new analytical skills, Ms. Lee will be able to

participate in ongoing monitoring programs and new initia-

tives, as well as recommend strategies to address external

threats, such as septic tank leaks. According to Ms. Lee, "I can

now provide additional analytical and

technical assistance to park management

regarding water quality issues, and I have

learned a bit about the hydrologic process-

es that influence the ponds on the cape."

She has begun sharing both her research

findings and the techniques she has

learned by attending professional confer-

ences and making presentations.

Assateague Island case study
The effectiveness of the development program has also been

evident in the accomplishments of Christopher Lea, a plant

ecologist at Assateague Island National Seashore (Maryland).

In 1994, Mr. Lea, a full-time National Park Service employee,

began using his personal time to take courses and gather field

data to earn his Master of Science degree at George Mason

in the Natural Resource

Professional Development

Program, plant ecologist

Chris Lea ofAssateague Island

National Seashore described

the relationship between the

plant communities near the

Potomac River Gorge and the

flooding of the river. Part of

the project involved recording

data on bedrock cover on

South Bear Island, which

floods every five to ten years

on average.
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University in Fairfax, Virginia. When the Northeast Region cre-

ated its professional development program in 1998, Mr. Lea

applied for the program to facilitate completing the last stage

of his studies. From August 1998 (when he was accepted in the

program) until April 2000, he continued to work for the

National Park Service while taking his last required course,

analyzing data, and writing his thesis. Although he most likely

would have completed the requirements for a degree without

NRPDP assistance, the program (combined with other

resources) alleviated educational expenses and enabled him to

expedite his studies and conduct a research

effort that was much more sophisticated and

challenging than a typical research project at

the master's level.

Mr. Lea's master's thesis reflects his desire

to understand ecological theory and to apply

his research to the resolution of park con-

servation issues. His two objectives were to

describe the nature of the relationship

between the vegetation (plant communities)

near the Potomac River and the flooding of

the river; and to classify and describe the

plant community types (associations) in the

Potomac River Gorge (Great Falls Park,

Virginia, and part of the C&O Canal National Historical Park,

Maryland) by using the National Vegetation Classification

System (NVCS) (fig. 2, page 35). The sophistication of this

research is evident in the cross-sectional diagram (fig. 3,

below) depicting an imaginary "slice" across the gorge. In this

side view (taken from a larger, conceptual model), Mr. Lea

depicts the correlation of plants growing at various elevations

with the frequency that flooding inundated those areas. As he

developed his conceptual model, he incorporated field data

"His study ... examines

fluvial environmental

effects on vegetation by

directly measuring

flooding frequency and

... measure [s] the effect

of river energy as a fac-

tor affecting riparian

vegetation."

Red Oak - Sugar Maple - Hop Hornbeam Forest

400 600

Horizontal Distance (m)

90-Year Flood

30-Year Flood— — Bankfull (2-Year) Flood

Figure 3. Takenfrom a larger conceptual model, this side view of the Potomac River Gorge

depicts the correlation of vegetation growing at various elevations with floodfrequency. Mr.

Lea was able to conduct a research effort that was much more sophisticated than a typical

research project at the master's level because of the support he received in the development

program.

about the various vascular plant communities relative to flood-

ing frequency and "flood energy." Concepts such as the energy

of a flood (river volume and speed) were based on calculating

the percentage of rock covered in "high energy" areas, and by

determining the mean soil texture in "low energy" areas.

The prestige of Mr. Lea's research has already enhanced

both his career and the reputation of the National Park

Service. His study has been one of the few that examines flu-

vial environmental effects on vegetation by directly measuring

flooding frequency, and one of the first to measure the effect of

river energy as a factor affecting riparian

vegetation. Mr. Lea has also provided vegeta-

tion classification data for several parks, and

the first classification of vegetation in the

Potomac River Gorge, an area well known

for its nationally significant biological diver-

sity. While classifying vegetation, he identi-

fied several community types that are cur-

rently believed to be globally rare, including

Quercus bicolor-Fraxinus pennsylvanica-

Chasmanthium latifolium woodland. His

survey also revealed new locations of rare,

threatened, or endangered plant species,

including some that had not been found in

the area for more than 70 years. These inventory results have

been used in two Expedition Into The Parks research projects

funded by Canon U.S.A., Inc., and included in the USGS-NPS

Vegetation Mapping Program.

Other professional opportunities for Mr. Lea to share his

findings have been plentiful. Individual parks in the Northeast

have asked for technical assistance in classifying vegetation,

and several conservation-oriented agencies and national asso-

ciations have asked him to address conferences and to assist

them in conservation planning. Among

those interested in—and benefiting

from—his research are The Nature

Conservancy, the Maryland Depart-

ment of Natural Resources, the

Ecological Society of America, the

Virginia Natural Heritage Program, and

the Washington Botanical Society. In

referring to the significance of these

interactions, Mr. Lea observes, "The

NRPDP allowed me to create profes-

sional presentations, both in the thesis

(which will be further used in publish-

ing) and at meetings. The public rela-

tions benefits and professional recogni-

tion for the National Park Service can-

not be underestimated."

From a management perspective, the

skills Mr. Lea developed while partici-

pating in the development program

have enabled him to conduct his duties

Potomac River,

Carderock Channel

1000
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with a degree of professionalism that has made him indispen-

sable. For example, when a threatened plant species, the

seabeach amaranth (Amaranthus pumilus) was recently re-dis-

covered on Assateague Island after an absence of 30 years, the

park needed a comprehensive protection and restoration plan

that included evaluating the species' habitat requirements and

testing several restoration strategies. Carl Zimmerman,

Assateague Island National Seashore's Chief of Resource

Management, states that "this effort demanded strong analytic

skills, the ability to research and synthesize a broad range of

disparate ecological information, and a thorough understand-

ing of research design and hypothesis testing—all of which

were markedly enhanced by Chris' participation in a graduate

degree program."

Acadia participant

Both Ms. Lee's and Mr. Lea's newly acquired skills have

clearly benefited their respective careers and their parks. Most

importantly, these participants are fulfilling the purpose of the

development program by using science-based standards when

they assess the condition of park natural resources and pro-

pose management strategies. A newly approved participant,

Linda Gregory, also illustrates the multiple—and mutual-

advantages of the program. On leave from her duties as a

botanist at Acadia National Park in Bar Harbor, Maine, Ms.

Gregory will receive full pay and benefits while attending grad-

uate classes and conducting research in her park. Moreover, as

part of a team examining the effect of exotic plants on the pol-

lination of native species, she will combine the results of her

graduate work in botany with the results of research by biolo-

gists with the USGS Biological Resources Division, the USGS

Patuxent Wildlife Research Center, and the University of

Maine.

Such a close synchronization of goals among career-minded

individuals, the National Park Service, and affiliated conserva-

tion agencies is what David Manski, Chief of Resource

Management at Acadia National Park, envisioned as one of the

developers of the Natural Resource Professional Development

Program. The equation for the program's success is aptly sum-

marized by his observation that "Park employees earned

advanced degrees before the NRPDP was established, but this

program formally promotes and supports graduate study in a

way that attracts and motivates employees." In effect, the

Northeast Region has confirmed that designating funds and

time for the development of the parks' human resources is one

of the most effective strategies for meeting the Natural

Resource Challenge. [^
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"Information Crossfile" continuedfrom page 13

The rain-drenched mountains and valleys of the Olympic

Peninsula are covered by a jungle growing on a jungle. This

small, attractive, spiral-bound field guide helps people to see

the jungle on top—the mosses, liverworts, and lichens. In

northwest Washington lichens and mosses seem to sprout

from any object moving slower than one mile per hour.

A short introductory section orients novices making their

first excursion into this minute world. Topics include struc-

ture and reproduction of lichens and bryophytes, their

human uses, and their important roles in the ecosystem.

The main part of the 109-page book features 101 species,

with mentions of 140 more. Featured species are illustrated

with a good-quality color close-up photograph, ecological

notes, the elevation range of its habitats, and pointers for dis-

tinguishing similar species. The species are grouped by sub-

strates: forest floor, logs, conifers, hardwoods, streamsides,

and rock.

An accessible, inexpensive, color-illustrated book like this

should open a new realm for lots of people. It should help

park managers and naturalists understand and appreciate

these components of biodiversity that are increasingly recog-

nized for their indicator value and contributions to the

ecosystem. This book should be sold in every bookstore,

interpretive center, and gift shop on the Olympic Peninsula.

Many people nearby in the Vancouver-Seattle-Portland swath

will find it useful, too.

I hope this book will inspire similar efforts for other wild

remnants of the continent, especially those with conspicuous

mosses and lichens, such as the north country of Minnesota,

the Acadian mountains and shore, the Appalachians, the

swamps and sand ridges of Florida, the alpine tundra of

Colorado, the forests of the northern Rockies, and of course

the Alaskan mountains and tundra. Si
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USING SURVEY RESEARCH
.

"

,1>X

to analyze regional economic impacts
from a change in park management

•

A CASE STUDY AT FORT SUMTER NATIONAL MONUMENT
By Benjamin Sigman and Naomi Kleckner

The Organic Act of 1916 charges the National Park Service with the primary responsibility of

preserving park resources and values unimpaired for the enjoyment of future generations.

Fulfillment of this conservation mandate requires managers to acknowledge that parks are com-

ponents of larger environments, influenced by activity outside park boundaries. Park Service

management policy directs park managers to address the effects of external activities on park pro-

grams, resources, and values. Furthermore, NPS policy instructs managers to consider the impact

that their park management decisions will have outside park boundaries. In striving to uphold

these goals of NPS policy, park managers rely on strategic planning, program coordination, sci-

entific information, communication, and other tools. Management policy affirms that managers

will use all available authorities to protect park resources and values, emphasizing the importance

of understanding the complicated union between a park and its locality:

Strategies and actions beyond park bound-

aries have become increasingly necessary as

the National Park Service strives to fulfill its

mandate.... Recognizing that parks are inte-

gral parts of larger regional environments,

the Service will work cooperatively with oth-

ers to ... protect park resources and values

and ... address mutual interests ... such as

compatible economic development and

resource and environmental protection.

(Department of the Interior, National Park

Service, Management Policies 2001, Section

1.5 External Threats and Opportunities)

Survey research may be employed to augment eco-

nomic input-output analysis and better understand the

regional effects of management alternatives. In cases

where positing the initial effects of a change in manage-

ment is difficult, survey work can help park managers

to better understand the implications of their deci-

sions. For example, if managers are unsure what visitor

reactions to modifications in management will be,

careful survey research can provide qualitative and

quantitative estimates of the

change. This article describes

an analysis of the new com-

mercial services plan at Fort

Sumter National Monument
(hereafter, the fort) in

Charleston, South Carolina.

It is a strong case study in the

use of survey research to

assess regional economic

effects attributable to compli-

cated management changes

with direct effects on area

attractions.

"Survey research

may be employed

to augment

economic input-

output analysis and

better understand

the regional effects

of management
alternatives."
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Case study:
Fort Sumter

National Monument
For over 40 years, the National Park

Service has sought a facility in his-

toric Charleston that would provide

permanent tour boat access to Fort

Sumter National Monument. Under

the previous commercial services

plan, a concessioner provided access

to Fort Sumter from two departure

points, the City Marina in

Charleston and Patriots Point in

Mount Pleasant (fig. 1). The

National Park Service had no con-

trol of the lease, operation, or man-

agement of the tour embarkation

points used by the Fort Sumter con-

cessioner. The Charleston peninsula

tour boat facility at the City Marina

on the Ashley River was inadequate, even on average

use days. Parking was limited; the site lacked an NPS
visitor contact station, NPS presence, and rest rooms. A
second tour boat dock provided in 1985 at Patriots

Point in Mount Pleasant had adequate parking and rest

rooms but did not have a visitor facility with NPS inter-

pretative services. Additionally, both locations lacked

adequate handicapped access. (Fort Sumter tour boat

facility webpage, http://www.nps.gov/fosu/dockside/

index.htm.)

After two failed attempts to develop a suitable dock

site and visitor center in historic Charleston in the late

1970s and early 1980s, the National Park Service

entered into an agreement to develop a site on the east-

ern side of the Charleston peninsula. In 1986, the Park

Service purchased this riverside site, and the master

plan was amended with a

cooperative proposal for the

National Park Service to co-

develop this site. The Fort

Sumter project was viewed as

a perfect match with the City

of Charleston, which was

seeking a site for a state

aquarium. This site offered

enough space for the integra-

tion of the NPS facility and

the envisioned South

Carolina Aquarium, an

IMAX theater, and a restau-

rant. In addition, a parking

garage was constructed

across from the NPS site.

Fountain Plaza (i.e., South

Ft. Sumter

Figure 1. Map showing location ofnew andformer departure points and visitor services

facilitiesfor Fort Sumter National Monument, South Carolina.

Carolina Aquarium and IMAX theater) and the parking

garage opened in 1999. The NPS facility opened to the

public in August 2001 (fig. 2), and a formal opening and

dedication was held in November. In addition to a

museum, which is free to the public, the new facility

provides docking space for the concessioner ferries

that facilitates access to the fort; offers shade shelters,

landscaped areas, and rest rooms; and creates a signif-

icant NPS presence in Charleston.

The opening of the NPS facility and its boat launch

called for a new commercial services plan. Under the

new plan, the National Park Service would consolidate

the ferry operations providing transport to the fort.

The new boat dock on the Charleston peninsula would

become the sole departure point from which the public

would access the fort.

Figure 2. The new Fort Sumter visitor center and boat dock began public operation in August 2001.
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Concerns surrounding
the management change
From November 1999 to January 2000,

Fort Sumter National Monument made
its commercial services plan available for

public comment. Several interested par-

ties raised concerns, including the

Patriots Point Development Authority

(the Authority). The Authority believed

that discontinuing the departure point at

Patriots Point would negatively affect the

town of Mount Pleasant, Patriots Point

Naval and Maritime Museum, and the

national monument.

In response to comments received

from the Authority and other stakehold-

ers, Fort Sumter Superintendent John

Tucker commissioned a study assessing

the potential regional economic impacts

of the new management plan.

Specifically, Superintendent Tucker

intended to estimate the impact on the

Mount Pleasant economy from changing

Fort Sumter's departure points; the financial impact on

Patriots Point Naval and Maritime Museum; and esti-

mate the change in fort visitation. In addition,

Superintendent Tucker hoped to learn whether fort

visitors would take advantage of a proposed water taxi

service from Mount Pleasant to downtown Charleston

and whether fort visitors would benefit from the

option to spend more time at the fort.

The analysis
Assessing the potential impacts of the change in Fort

Sumter commercial services faced several analytic

challenges. First, limited information existed to assess

the relationship between fort visitation and visitation

at Patriots Point and the South Carolina Aquarium.

Originally, both the National Park Service and Patriots

Point saw mutual benefits to the Fort Sumter departure

point at Patriots Point. The two attractions have similar

appeal to a subset of Charleston area visitors, and

Patriots Point had space capable of accommodating a

limited docking facility. The Patriots Point Naval and

Maritime Museum, like Fort Sumter National

Monument, is focused on American military history,

offering tours of a World War II aircraft carrier,

destroyer, and other exhibits. It was assumed that visi-

tors planned to visit both the fort and Patriots Point on

the same trip or that sharing a site generated incidental

visits among visitors planning to see only one of the

two attractions. These assumptions were supported by

visitation data that showed similar trends over time for

both attractions. The National Park Service was not

sure to what degree Patriots Point would be affected by

the management change and whether this type of rela-

tionship might be created between the fort and the

South Carolina Aquarium.

Furthermore, limited information was available to

characterize how fort visitors, especially those depart-

ing from Patriots Point, contributed to the economic

trends of the Charleston area. Mount Pleasant had

seen strong economic growth and development in

tourist services, especially overnight accommodations,

in recent years. Without primary research, the National

Park Service was uncertain of the extent to which the

Fort Sumter boat launch at Patriots Point had helped

support tourism growth in Mount Pleasant. Also

unclear was the extent to which fort visitors would alter

their selection and use of tourist services (e.g., location

of lodgings) in response to offering a departure point

only from the City of Charleston.

To complete this assignment, we developed three dis-

tinct surveys and administered them to fort visitors,

Charleston area visitors, and Charleston area residents

using a self-administered intercept approach (i.e.,

respondents complete questionnaires on-site). 1 The

effort to survey Fort Sumter visitors took place on the

boats returning from the fort, while Charleston area

visitors and residents were interviewed outside of the

recently opened aquarium. Collectively, the survey

results established a profile of Fort Sumter's role in the

region's tourism and economy, defined the existing

1 The survey effort was exempt from Office of Management and Budget survey

instrument review due to the litigant nature of the research.
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patterns in visitation, and projected the potential

changes due to the Fort Sumter visitor center opening.

The survey of Fort Sumter visitors asked respondents

about the details of their Charleston visit. The first sec-

tion of the survey gathered information on reasons for

visiting the area and how a fort visit fit into their plans

for the day and overall Charleston area visit. The sec-

ond section addressed satisfaction with the fort experi-

ence, followed by a section that gave respondents the

opportunity to choose between two carefully devel-

oped management alternatives (table 1). With each

alternative, respondents considered attributes of the

fort experience, such as the value of park ranger pres-

ence, interpretive displays, admission to exhibits, seat-

ing while waiting for the tour boat, parking, boat

departure times, and departure location. The choice

required respondents to collectively consider the

trade-offs among eight attributes pertaining to the two

management alternatives. The survey also asked which

factors were the most important in making their deci-

sion. Finally, the survey asked visitors about the logis-

tics of their visit, focusing on party size, length of stay,

lodging location, important attributes of accommoda-

tions (e.g., location, price, amenities), as well as demo-

graphic and socioeconomic information.

Charleston area visitors and residents interviewed at

the South Carolina Aquarium answered similar ques-

tions about the details of their visit to the aquarium,

activities planned for the day (and for area visitors,

overall plans for their trip to Charleston). The surveys

asked respondents about their familiarity and interest

in Fort Sumter National Monument (e.g., plans to visit

the fort), interest in the new visitor center, and how
they might have combined their visit to the aquarium

with a visit to the fort under the future commercial

services plan. Area visitors also answered the same set

of questions about their trip logistics (e.g., lodging

questions); both area visitors and residents answered

the demographic and socioeconomic questions.

The three surveys were carefully developed with

input from Superintendent Tucker

and several peer-reviewers and

then pre-tested. The administra-

tion of surveys to fort visitors took

place over three days in June 2000,

resulting in approximately 580

collected surveys. One month
later, a two-day survey took place

at the aquarium, with nearly 500

surveys collected. The scientific

approach to survey design provid-

ed reliable data defining baseline

trends in Fort Sumter visitation,

future trends in Fort Sumter visitation, and the region-

al economic impacts associated with a change in man-

agement practice.

Findings
The data suggested minimal impacts on the Mount

Pleasant economy as a result of consolidating the two

departure points. The analysis used questions about

lodging choice (i.e., lodging attributes such as cost,

"No evidence

suggested that

Charleston area

visitors will alter

their use of

tourism services

based upon Fort

Sumter's new
departure site."

Table 1. Potential management options for Fort Sumter from the survey of Fort Sumter visitors.

"[Below] are two options for boat departure points to Fort Sumter, Option A and Option B. The differences between the two options are

described for each. Considering all of these factors which option do you prefer?"

Option A Option B

A

B

C

D

E

F

G

H

Amount of time spent at the Fort. Stay at the fort for one hour. Option to stay at the fort longer than one hour.

Park rangers available to answer questions

and give historical talks.

Available only at the fort. Available while waiting for the boat, on the boat,

and at the fort.

Displays and exhibits about Fort Sumter while

waiting for the boat.

At Patriots Point: displays about Civil War on out-

side building wall.

City Marina: no exhibits.

National park museum about Fort Sumter at depar-

ture site. Also, displays in nearby park along walk-

ways.

Admission to the exhibits. At Patriots Point: free admission to displays.

City Marina: no exhibits.

Free admission to museum.

Seating while waiting for the boat. At Patriots Point: seating in shaded open air

food service area.

City Marina: no sheltered area.

Seating in air conditioned museum and shaded

outside seating.

Parking near the departure point. Free parking in a lot at Patriots Point. Street

parking near the City Marina.

Paid parking in garages across the street from the

departure point.

Number of times per day that a boat leaves

for the fort.

3 times per day (one boat every 2 1/2 hours)

from each departure point.

On average 6 times per day (about one every

hour).

Fort Sumter departure point location(s). Two departure points-Patriots Point (in Mount

Pleasant) and the City Marina (in Charleston).

One departure point-beside the South Carolina

Aquarium in Charleston.
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location, and proximity to attractions) as an indicator

of how area visitors might change their use of services

supporting area tourism and, consequently, of the mag-

nitude of regional economic effects. Responses to these

questions showed no statistical difference in the lodg-

ing choice of Fort Sumter visitors and aquarium visi-

tors (who did not plan to visit the fort). Lodging choice

was driven by the cost of the room and the ease of get-

ting to a variety of attractions in the Charleston area.

Consequently, no evidence suggested that Charleston

area visitors would alter their use of tourism services

based upon Fort Sumter's new departure site. The town

of Mount Pleasant should experience little, if any,

change in hotel revenues (and hotel spin-off revenues)

due to the new Fort Sumter departure site.

The survey research did confirm that the Patriots

Point Naval and Maritime Museum will experience

some loss in gross revenues on account of the new
commercial services plan.

"Patriots Point may Research indicated that

see a reduction ...
Pa'riots p° int may see a

reduction between two and
Ot itS annual grOSS twelve percent of its annual

revenues aS a result gross revenues as a result of

of the chanae in
the change in the Fort Sumter

+ u r r + departure point to downtown
tne hort bUmter

Charleston. The upper bound
departure point tO of the estimated change in

dOWntOWn total revenues is roughly equal

C ha rleston
.

"

to what thefthor^ hj
\
d pre"

sented as a lower-bound esti-

mate of lost revenue in their position paper.

An important finding of the survey research was that

the new visitor center would significantly increase fort

visitation. The new visitor center increases the exposure

of Fort Sumter National Monument to Charleston area

visitors, resulting in a significant increase in visitation.

This gain in visitation will more than offset the loss in

visitors who preferred the former departure options.

Specifically, we estimate that consolidation of Fort

Sumter departure points will lead to a net increase in

Fort visitation of 16,000 to 25,000 visits per year

(recently the fort has supported approximately 240,000

visits annually). We also estimate that the national mon-
ument will serve approximately 29,000 additional visi-

tors per year who are interested in seeing the visitor

center but do not have the time to visit the fort.

Additionally, the survey revealed information

regarding visitor preferences. For example, the

research determined that one-third of visitors to Fort

Sumter want to spend more time at the fort. Such infor-

mation supports the management change and informs

future boat scheduling options. The survey also inves-

tigated the feasibility of a water taxi, running between

Mt. Pleasant and downtown Charleston. Approxi-

mately one-third of fort and aquarium visitors, stated

they would "definitely" or "most likely" use a taxi serv-

ice. These results suggested that Patriots Point's rev-

enue loss could be significantly offset by offering a

commercial water taxi service between Patriots Point

and Fountain Plaza. The tourist traffic using a water

taxi would also increase Patriots Point's visibility to

Charleston area visitors who did not plan on visiting it.

Finally, survey research provided useful and specific

information on the visitors themselves. A strong under-

standing of Fort Sumter visitor gender, race, age, edu-

cational attainment, employment, income, and home
residence was obtained. This information will help

Fort Sumter managers to make educated decisions on

issues affecting the entire visiting population.

Conclusion
The regional economic analysis of a change in man-

agement at Fort Sumter National Monument proved to

be a successful exercise in using survey research to gain

information important to park management. A signifi-

cant amount of information on visitation, future trends

in visitation, and the regional economic impacts asso-

ciated with the change in management practice was

collected. This analysis was an essential first step in

understanding how Charleston area visitors and resi-

dents would react to management change at Fort

Sumter. Without the information provided by this sur-

vey effort, the ramifications of the change in manage-

ment could not have been quantified before the imple-

mentation of the new commercial services plan. In

addition, the completion of the analysis cleared the

path for further analyses that may include input-output

modeling or an examination of the changes in social

welfare associated with the consolidation of departure

points at Fort Sumter National Monument.

In the future, an analysis of visitation data collected

after the implementation of the new commercial serv-

ices plan will allow for verification of the survey's

accuracy. Tracking visitation trends under the new
commercial services plan will allow researchers to

compare visitors' actual behavior to their stated

responses to management changes. Examination of

the projected effects versus actual effects will allow

for methods used in this survey effort to be further

refined for future use. ©,
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Hindsight

makes
better

foresight:

PALEON
AS A NEW T
FOR CONSERVATI
By Dan Chure, Ph.D.

"In this chapter, we consider

what ought to be paleontol-

ogy's most vital calling: use of

the vast record of life's prehis-

tory to help understand and
conserve its threatened descen-

dants."
—Archer, Hand, and Godthelp

Figure 1. Caves like this one at

Glen Canyon National Recreation

Area often preserve fossils of

plants and animals that lived

during the Pleistocene (Ice

Age). Fossil surveys at sites

like this help document the

response of various species

to environmental change.

DINOSAURS!
DINOSAURS!!
DINOSAURS!!!
TV, movies, and popular books could easily lead one to

believe that those huge, brooding, bad-tempered rep-

tiles were the only life of the past. Although one can go

broke subscribing to the Dinosaur Book-of-the-Week

Club, there are some other popular books that focus on

the many other wonderful creatures that have populat-

ed our planet over the past millennia. These non-

dinosaur books introduce us to past life otherwise still

buried in the pages of scientific journals.

The recently published book Australia's Lost World:

Prehistoric Animals of Riversleigh by Mike Archer,

Suzanne Hand, and Henk Godthelp (2000) adds to the

limited list

of non-

dinosaur

works.

This

book

describes

the Riversleigh fossil

beds in northwestern Queensland,

among the richest and most extensive in the

world. Their significance was formally recognized by

the Australian government when the fossil beds were

incorporated into Lawn Hill National Park in 1992 and

when UNESCO designated them a World Heritage Site

in 1994. Among its important values, this fossil treasure

provides a record of how Australia's ancient rainforests

were transformed into a largely arid landscape in

response to climate change over the last 15 million years.
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PALEONTOLOGY AND
CONSERVATION

EFFORTS
However, Australia's Lost World is more than just a

book about spectacular fossils. It is also about conserva-

tion biology and how paleontol-
"Australia's Lost

ogy can provide critical informa-

tion for developing strategies for

conserving our living biota. The about conservation
authors make a strong case that biology and how
the conservation status of living

,

, , . ,

& paleontology can
species can not be determined

solely on information gathered

over a few decades of modern

field studies. As the authors write, developing Strate-

(p 9) "Rarity can not be interpret-
jes fQf conserving

ed as anything other than rarity.

To tell if a lineage is in the

process of decline, stability, or

„ -. rise, we must have an historical
Conservation .

perspective—and not just that of

the last few centuries." And for

species can not be that reason this book should be

determined solely °f interest to the readers of Park

on information
Sd™ce

;
,The book provides several

examples of how paleontology

can be important for conserva-

tion issues. One of the more

interesting ones involves the

recent "plagues" of the crown-

of-thorns starfish (Acanthaster planci) on Australia's

Great Barrier Reef. The recent blooms of this reef-eat-

ing starfish have been attributed to human interference,

such as the over-collection of Triton snails, an impor-

tant predator of this starfish. As a result, aggressive con-

trol programs were implemented to reduce the popula-

tions of A. planci, including having divers inject starfish

with heavy metal solutions. However, this strategy was

called into question when the fossil record of this

starfish was more closely examined. Walbran et al.

(1989) cored the Great Barrier Reef for just that data

and found evidence for episodic blooms of this starfish

going back more than 4,000 years, well before

Europeans came to Australia. This has raised serious

doubt as to whether or not these "plagues" are human
induced. It also raised the intriguing question as to

whether or not humans may have disrupted what may
well be a normal, if cyclic, process, and that disruption

might actually have had a detrimental effect on the very

reef systems those actions were designed to protect.

Might not these starfish population explosions be the

marine equivalent of a forest fire?

In some cases, paleontology can help identify both

positive and negative impacts of what the authors call

the "heavy hand of humanity." Using the Late

Quaternary record of fossil vertebrate accumulations in

caves, Alex Baynes (1990) determined that small to

medium-sized Australian mammals show remarkable

stability throughout the record preserved in caves.

Changes in distribution patterns since the arrival of

Europeans are many times greater than over the last

10,000 years. Here we can see that recent human activi-

ties have had a detrimental impact on species.

Flannery (1990), on the other hand, argues that the

loss of many medium-sized arid and semi-arid

Australian mammals is likely the result of a secondary

chain of extinctions (a "trophic cascade") following the

great extinction of Australia's megafauna some 20,000-

40,000 years ago. That this cascade did not immediately

follow the megafaunal extinction event is likely due to

the Aboriginal use of fire, which maintained complex

vegetation systems and thus delayed the trophic cas-

cade. With the arrival of Europeans, and the subsequent

loss of Aboriginal land management practices, extinc-

tions accelerated to Late Pleistocene levels. One conclu-

sion Flannery draws is that maintaining Aboriginal fire

practices may well be important in preventing further

extinctions.

IMPORTANCE OF THE
PLEISTOCENE AND

QUATERNARY RECORD
Australia's Lost World makes it clear that the

Pleistocene and Quaternary fossil record of Australia

has important information that needs to be incorporat-

ed into conservation plans for species and ecosystems.

In fact, ecologists are now working as co-investigators

on the Riversleigh projects because of their recognition

of the potential for establishing long-term trends in

Australian ecosystems.

The Pleistocene and Quaternary fossil record also

contains valuable information for the United States (fig.

1, page 43). An understanding of this history is funda-

mental to the preservation of our current biota. Over

the last 19,000 years in North America we have gone

from the maximum southern spread of continental ice

sheets to the present reduced glacier distribution.

During this same time period the ecosystems shifted in
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Figure 2. Discovered in Grand

Canyon National Park, Arizona, this

fossilized condor skull is evidence

that the large, scavenging bird

once lived in the area. This informa-

tion was important in considering

reintroduction of the species in the

past decade, copyright steve emslie

scientists and the modern

conservation and restora-

tion communities. There

is, however, some recent

work that shows just how
valuable such collabora-

tion can be. Cooper et al.

(1996) have used fossil dis-

tribution and fossil DNA
data for the Laysan duck

(Anas laysanensis) to show

that in the past this species

occurred on more islands

response to the retreat of the ice sheet, the arrival of the

first humans in North America, and a continent-wide

megafaunal extinction. These tremendous changes are

the crucible in which our modern biota was forged.

Quaternary geologists and paleontologists have

amassed a phenomenal amount of data for this time

interval. Correlation of physical events, flora, and the

fauna over the last 50,000 years of prehistory can be

excellent, thanks to refined C*4 dating techniques,

which can yield dates with errors of only ±50 years!

Thus, fine-scale calibration of events and species distri-

butions is possible. And while getting genetic material

out of dinosaur bones is something best left to the

movies, the wizards of molecular biology have success-

fully extracted DNA from more recent fossil bone. This

allows us to trace the stability of or changes in popula-

tion genetics, sometimes in still living species, over tens

of thousands of years.

The fossil record also often includes species that are

either still alive or are the immediate ancestors of living

species (fig. 2). Even DNA is

preserved! Here we have the

record of very recent extinc-

tion and evolution, biotic crisis

and biotic response. This is

critical data for understanding

how the present came to be

and where it may head in the

future. To ignore this record is

unwise.

Surprisingly, in spite of all

this branch of paleontology has to offer, there has been

a lack of communication between Quaternary earth

"There has been lit-

tle interdisciplinary

overlap between

Quaternary earth

scientists and the

modern conserva-

tion and restoration

communities."

than at present and that the fossil populations were

genetically quite similar to extant populations. This

information can be used to identify islands and areas

where the reintroduction of the Laysan duck may be

most successful.

The research of Wayne et al. (2000) is another exam-

ple of how paleontological information can help con-

servation efforts. Studying the mitochondrial DNA of

brown bears (Ursus arctos) preserved in the permafrost,

these scientists have been unraveling the complex pat-

tern of population genetics changes in this carnivore.

Some 36,000 years ago the brown bear was much more

diverse genetically, but by 15,000 years ago the level of

genetic diversity had dropped to that of modern popu-

lations. The details of this work suggest that relying

solely on the genetic diversity data of living brown bear

populations could lead to erroneous conservation man-

agement decisions.

NEW ROLES
FOR THE NPS

IN PALEONTOLOGY?
What does all this mean for the National Park Service

and the preservation of our living treasures? The

Service has an extensive Inventory and Monitoring

Program (I&M) under way—one that is monitoring

both the living and nonliving components of our

ecosystems. A predetermined core of basic data themes
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is being gathered nationwide, while more specialized

inventories, such as paleontology, are left to the respon-

sibility of individual parks. Now I have heard some

lamentations about fossils not being included in the

I&M Program. In my view as a research paleontologist,

fossils are generally not directly relevant to the problem

the I&M Program is addressing—systematically gather-

ing standardized information to establish a statement of

the condition of the present-day ecosystems in relation

to their unimpaired state. In particular, although we

have learned much about dinosaurs from fossils, it is

difficult to apply that knowledge directly to the prob-

lems of our present-day biota.

But do not get me wrong.

Fossils—even those that are not

dinosaurs—are extremely

be inventoried, important. They are, after all,

the record of the history of life

monitored, studied, ,
. x .

'
,on our planet. Many national

parks with fossils are interna-

because Of Our tional benchmarks for particu-

lar times in the past. Literally

scientific and
thousands of scientific papers

have been published on fossils

of the National Park System

value...." units and the list is continually

growing. Our fossil resources

need to be inventoried, monitored, studied, and pro-

tected because of our mission and their scientific and

educational value, regardless of what they may or may

not tell us about the future. Let us hope that the monies

available through the Natural Resource Challenge for

resource inventories will free up other sources (such as

the Natural Resource Preservation Program) to fund

systematic fossil inventories. Another possibility would

be to develop Servicewide funding for paleontological

inventories through the Natural Resource Program

Center, where such inventories could be prioritized by

resource and management needs.

It seems unlikely that the current NPS I&M Program

can fund fossil surveys—even those with an emphasis

on the Quaternary record. However, that should not

prevent us from exploring how Pleistocene and

Quaternary earth scientists might work with us to

understand the time aspect of the resources we care for.

Knudson (1999) and McDonald and Chure (2001) have

"Mavbe the recently made a similar plea.

This cooperation will require

partnerships with other land

management agencies as well

—

the canvas on which the recent

fossil history of North America

is painted is larger than the

lands administered by the

together."
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National Park Service. Maybe the Service, as the

nation's leading conservation agency, can help bring

the paleontological and conservation professionals

together. To do so may well reap great rewards. ©,
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Meetings
of &

Interest*
June 2-5 Indiana University, Bloomington, is the venue for the Ninth International Symposium on Society and

Resource Management, titled "Choices and Consequences: Natural Resources and Societal Decision

Making." This symposium centers on the contributions of the social sciences to a better understanding

of resource management issues. A major premise is that complex natural resource issues are societal

problems and must be addressed through an interdisciplinary social science perspective that includes

decision making within multidimensional social and cultural frameworks. Dialogue and interaction

among natural resource managers, social scientists, policy makers, and the public is anticipated.

Themes include: identification, management, and resolution of natural resource conflict; models, meas-

urement, and public participation in capacity management; emerging natural resource issues manage-

ment; and integrating natural resource management in a context of public norms, expectations, and

managerial systems. Further information can be found on the Web: www.indiana.edu/~issrm/.

June 2-7 The Society of Wetland Scientists is hosting its 23rd annual meeting in Lake Placid, New York, focused

on "Wetland Linkages: A Watershed Approach." Scientific dialogue will explore how wetlands are being

integrated into watershed management initiatives and how they are linked to issues about economics,

ecology, and energy. A technical program will examine wetland issues making news today. Visit

www.sws.org/lakeplacid/ for further information.

August 4-9 The Ecological Society of America (ESA) and the Society for Ecological Restoration (SER) will be meet-

ing jointly in Tucson, Arizona. The theme of the meeting is "A Convocation: Understanding and

Restoring Ecosystems." The organizers are calling this conference a convocation because it is the com-

ing together of two organizations, ESA and SER, that share the common purpose of using basic ecologi-

cal knowledge to solve practical environmental problems. The meeting will include practitioners, man-

agers, regulators, academic scientists, agency researchers, educators, and interested citizens. The organ-

izers also are encouraging ecologists and restorationists in Mexico and Latin America to attend.

Esteemed Harvard biologist E. 0. Wilson will be giving the keynote address to the conference. For fur-

ther information on the conference, consult www.esa.org/tucson, or contact the program chair: Paul H.

Zedler, Institute for Environmental Studies and Arboretum, University of Wisconsin-Madison (608-265-

8018; esa@mail.ies.wisc.edu).

The symposium "Innovations in Species Conservation: Integrative Approaches to Address Rarity and

Risk" will convene in Portland at the Oregon Convention Center. Focusing on the conservation of rare

and poorly known species, invited speakers and audience participants will discuss the ecological,

social, and legal contexts for various conservation strategies and the risks and uncertainties associated

with each species. Target audiences include public and private resource managers, scientists, policy

makers, conservation organizations, and the public. The symposium is sponsored by the USDA Forest

Service, U.S. Geological Survey, U.S. Fish and Wildlife Service, Bureau of Land Management, Oregon

State University, Society for Conservation Biology, The Nature Conservancy, and others. The registra-

tion fee is $150. More information is available at http://outreach.cof.orst.edu/species/.

October 2-5 The 29th annual conference of the Natural Areas Association will take place in Asheville, North

Carolina, exploring the "Power of Nature and the Empowerment of Natural Areas." Participants will be

challenged by new information and new ways of thinking about the conservation and management of

natural areas. Organizers hope to raise awareness and optimism among attendees who can make a dif-

ference in the conservation of natural lands and biodiversity. Several session tracks revolve around the

concept of adaptive management and include: adaptive management and climate change, adaptive man-

agement in fire-dependent communities, prioritizing invasive species management in an adaptive con-

text, and hydrologic alteration and adaptive management. Additional information is available at

www.natareas.org.

*Readers with access to the NPS Natural Resources Intranet can view a comprehensive listing of upcoming meetings, conferences, and training courses at

www! .nrintra.nps.gov/NRMeet/.
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