


PARK
SCIENCE

NATIONAL PARK SERVICE

SUMMER 1982

A r_eport to park managers of recent and on-
going re_search in parks with emphasis on its
implications for planning and management

In This Issue

Page
Representative Animal Community
Being Crealed at JamaicaBay .............. 3
QWS Strategy Conference set Oct. 18-20 .. ... 4
Aguatic Studies at IndianaDunes ........ ..., 5
Carrying Capacity Project Underway . ......... 6
Clark Namedto PNR Post . .................. 6
Fire Management Softwear Developed ..... ... 6
Research Note ............... ... ... ..... )
A Boreal Forest Park: ..................... 7
Peregrine Rescue Efforts Continue ... .. .. .. 9
Regional Highlights ....................... 10
Ever Tougher Fight Faces Everglades
OverWaterRights .. ...................... 12
Letterstothe Editor .................... ... 14
Superintendents’ Corner ................. .. 15
Information Crossfile ........... ... 18

Ecology Review Lauds Scientific Monographs .. 17
Biological Stuties and Materials Comparisons

on a Puget Sound Arificial Reef ............. 18
Ecological Systems Analysis

Draws Global Group ...................... 20
Composting: Solve a Problem

and Create a Useful Produet ................ 21
Resource Information Tracking System

(RIT8) Software Started . ................. 23

The Greenhouse Effect Attracts Speculation ... 23

Cover Pholo: Volunieers at Gateway NAA (New
York City) place brush in created freshwalter pond fo
provide cover and caliing sites for introduced Spring
Paepers. Story page 3.

In the Next Issue: "An Efficient Resource Mapping
Altemative” by Carl H. Key; “Soil Drainage Problems
in Wrban Parks,” by Dan Irtani; “Communication
Techniques and the Scientist,” by Jerry Shimoda.

Please adoress raquests ‘o informatior 10 appropriate Aegiora: Chig' Scerhsts

Fied, Donad A

PACIFIC NORTHWEST REGION
Aoom 1920 Westin Buildirg
G00T Sath Avenue

Seafie. WA 98121

8-339-1335 1 206) 442-1355

Arderson. Weliam H
NATIONAL CAPITAL REGION
1100 Qg Drive SW
Wasningtor J C 20242
8-426.5660 202 426-6660

Buchley Pau A
NORTH ATLANTIC REGION Fleei. Harvey
15 State Street Chiel. Science Center

From the Editor

Three well-planned days of intensive focus on the world biosphere reserve concept - June 22-24 at Kalispeli,
Montana — resulted in unanirmous expressions of support from the 120 participants in “Toward the Biosphere Re-
serve: Exploring Relationships Between Parks and Adjacent Lands.”

This conterence, unlike so many others, was not a one-legged stoot with science as its only subject and support.
Conceived by NPS Biologist Cliff Martinka and co-hosted by Glacier NP Superintendents Botr Haraden and Bernie
Lieff, Waterton Lakes NP superintendent across the Canadian border, the conference was a rich, lively mix of park
personnel (research and management), engineers, cattle ranchers, tounty commissioners, regional citizen ac-
tivists, and other management agency personnel spanning local through federal and international levels.

Waterton and Glacier parks are world biosphere reserves, representing together a spectacular example of a
mountain bicme, their world designation coming from UNESCO's Man and the Biosphere (MAB) program. The
meeting followed immediately on the heels of a gala 50th anniversary celebration of the two parks’ establishment
as an International Peace Park. NPS Director Russell Dickenson spoke at that ceremany on June 18.

For any who doubt the need for a network of world biosphere reserves, the three day conference in Kalispell was
rich food for thought. Instead of presenting research results that could just as well have grown out of park or other
research programs, conferees spent their time documenting the need for coordinated collection of information
worldwide, for disseminating that information in ways that demand public attention and action, and in exploring
ways to build into biosphere reserve programs the participation of surrounding areas.

Conferees concluded that the 10-year period since the idea was born had been a necessary “hatching” time. in
the intenim, global environmental problems have arisen to ungerscore the need for, and usefulness of, the “paired
area” concept - the unique pairing in each reserve of a largely natural core area with an experimental area where
manipulation is catried aut. The fact that no overall biosphere reserve program of structured research and funding
has yet emerged was viewed at Kalispell as a plus.

The rationale was that formulation of a structured program has been deferred untii precisely the time when an
open regional approach to such programming is becoming recognized as a way to handle a whole nest of newly-
emerging needs,

“The beauty of the biosphere reserve idea," said Haraden, “is its lack of rigidity. It has attracted the participation of
world science and government and at the same time has remained free to grow and adapt to the changing needs of
the world. That's what we're doing here at this conference — inviting regional interests to come in and be pari of the
design.”

They came, and they took part. Representatives of the ranching community, for instance, endorsed the goal of
coordinated research worldwide, and added to the paired-area concept the idea of studying existing uses of adjoin-
ing lands. Cooperating private landhelders and other public land managers would be parties to the research and
would engage in the search for compatible uses. At the same time, the ranchers presented problems from the
ranchers’ poirt of view, and expressed willingness to explore with the biosphere reserve people ways in which their
interests could be served within a framework of genetic preservation and ecosystem integrity.

The chairman of the Flathead River Basin Environmental Impact Study steering committee summed up the need
1o involve all local interests in the ongoing studies “so that the research results are internalized within the region,”
and the necessity of acquainting the regions around biosphere reserves with the direct tie-in between a healthy
ecosystem and their own water taps, dinner tables, bank accounts, schools, ¢lubs and churches.

Bill Gregg, NPS coordinator for MAB, called the biosphere reserve concept “a whole new dimension in world con-
sefvation,” and Robert Scace of Reid, Crowther & Partners, Lid,, a Canadian fimm of consulting engineers and plan-
ners, sounded the closing note — a recognition that biosphere reserve studies include man as the most important
change agent in the environment:

"Let us not leave here,” he said, “without recognizing that in biosphere reserves we witness the coming together
of the biophysical and the human ecoiogical ends of the biosphere spectrum.”

Kansk. John F
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Water Resources Lab, “Desirable Types of Baseline
Studies in Biosphere Reserves;” Valerius Geist, Uni-
versity of Caigary, “Necessary Wildiife Management
Programs in Biosphere Reserves;” Stephen Kellert,
Yale University, “Enhancing Public Appreciation of
the Role of Biosphere Reserves: Some Educational
Prerequisites;” Boy Evison, Sequoia/Kings Canyon
NP, "How Do We Monitor the Effectiveness of the
Biosphere Reserve?”;

John Atkinson, Reid, Crowther and Partners, Ltd.,
and Marty Marlinson, Parks Canada, “The Sold
Waste Solution; Introducing a Centralized System in
Banff NP and Adjacent Lands;" Mike Fay, Parks
Canada, “Riding Mountain NP and Adjacent Lands: A
Model Approach;” Wiliam Worf, U.S. Forest Service
{ret.), "Developing Service Programs fo Meet the
Challenge of Biosphere Reserves;” R. Michael
Wright, World Wildlife Fund, “Providing Funding for
Biosphere Reserves and Similar Areas;”

Jeffrey A McNeely, World National Parks Con-
gress, ‘Biosphere Reserves and Human Ecosys-
tems;" Ossie Lindquist, University of Kuopic, Finland,
“Biosphere Reserves from the European Perspec-
tive;” Effendy Sumarjda, Indonesta, “Biosphere Re-
serves from the Southeast Asian Perspective;” Bruce
Wilcox, Stanford University, “Biosphere Reserves
and the Preservation of Biological Diversity;” William
P. Bregg, NPS, “The View from the United States;”
George P Francis, University of Waterloo and
Canada/MAB, “The View from Canada;” and Harold
Eidsvik, World National Parks Congress, “A Global
Perspective.”

WASO Region

The Urban Forest Soils Workshop held in Aprit at
the University of Maryland's Center for Adult Educa-
tion was co-sponsored by USDA-Forest Service
through the Consortium for Environmental Studies,
State University of New York — College for Environ-
mental Science and Forestry, and the National Capi-
tal Region — NPS. There were fifty-two registrants for
the 2% day workshop, which included two informal
evening information exchange sessions.

The Monday afternoon session focused on general
soils information followed by hands-on soil texturing,
a look at soil drainage classes in the field and an op-
portunity to observe a natural soil profile in the field.

Tuesday's activities consisted of an all-day field trip
through the parks of NCR to observe trees and ptants
in their urban settings with the focus on urban soils
and soil management techniques.

Wednesday in the classroom dealt with case
studies, new product review, problem soil situations,
amending existing sod situations and most impor-
tantly interacting early in the planning activities for
proposed sies.

We have had considerable feedback from partici-
pants and have been requested to perform a similar
task at North Carolina State University and at the
American Society of Landscape Architects (ASLA}
meeling in West Virginia. Others have expressed
similar interest.

The workbook has been published and is available
from: Dr. David Karnosky, Executive Secretary, Con-
sortium for Enviranmental Forestry Studies. . Gary
Arboreturn, Box AB, Millbrook, NY 12545

]

*x

The Natural Science Division announces publica-
tioh of two Ecological Services Buletins {ESB} and
ancther pubtication in the Scientific Moenograph
Series. Numbers 6 and 7 in the ESB series are Dutch
Elm Disease and fts Management and Herbicidal
Control of Firetree in Hawaii VWlcanpes Nafional
Park: A New Approach. Ecology and Social Behavior
of the Collared Peccary in Big Bend National Park is
the 16th publication in the Scientific Monograph
Series.

Gary Johnston, science editor for the Natural Sei-
ence Division, expects publication of three additionaf
manuscripts later this year. They are The Ciimate of
Yellowstone and Grand Tefon National Parks, Ecol-
ogy of the Saguaro Hii: Growth and Demography, and
The Value of Conserving Genetic Resources. Copies
of the Scientific Publications List and Reprint List are
available by writing to the Natural Science Division
(494), National Park Service, U.S. Depariment of the
Interior, Washington, D.C. 20240. Guidelines for sub-
mitting manuscripts for publication in the Servicewide
Publications Program have been distributed to the
Regional Chief Scientists; researchers who want to
submit manuscripts should contact their Chief Scien-
tist for copies of the guidelines, Johnston said.

Western Region

An update on the latest (April 30, 1982) volcanic
eruption in Kilauea Caldera was a highlight of the
Fourth Conference in Natural Sciences, held June 2-
4 at Hawaii Volcanoes NP and co-sponsored by NPS
and the University of Hawaii CPSU. Presentations by
51 individuals were given to the 101 registrants, with
special sessions on Hawaian goose (nene} biology
and management, Metrosideras (ohia) dieback, and
research and management of Hawaiian Park re-
sources, especially exotic plants and animals.

Agendas are available from C.P. Stone, research
scientist at Hawaii Volcanoes NP, HI 96718 late this
summer the Proceedings may be obtained from C.W.
Smith, CPSU director, Botany Depariment, University
of Hawaii at Manoa, 3190 Maile Way, Honolulu, HI
96822,

Four publications by Dave Parsons, research sci-
entist at Sequoia/Kings Canyon NP in Califomia are
now avaiiable from Parsons at the park. They are
“The Historicai Role of Fire in the Foothill Com-
munities of Sequoia National Park,” in Madrono, Vol.
28. No. 3, pp. 113-120; "Survival of Severe Drought
by a Non-Sprouting Chaparral Shrub.” (with Philip W.
Runde!, Richard P. Hedlund and Gail A. Baker}, in
American Journal of Botany, Vol. 88, No. 7, pp. 973
979; “Establishing Backcountry Use Quotas: An Ex-
ample from Mineral King, Galifornia,” (with Thomas J.
Stohigren and Paul A. Fodor), in Environmental Man-
agement, Voi. 5, No. 4, pp. 335-340; and “The Role of
Fire Management in Maintaining Natural Ecosys-
tems,” from Jn Fire Regimes and Ecosystem Proper-
tias, USDA Forest Service Generat Technical Report
WO-26, pp.469-488, 1981.
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Pacific Northwest Region

The U.5. Army Corps of Engineers is soliciting pub-
lished or unpublished Iiferature dealing with any as-
pect of raptor ecology in the Pacific Northwes, in-
cluding management plans, distribution, food habits,
productivity, surveys, theses, dissertations, etc. The
Corps is compiling the information for a Raptor Refer-
ence Manual, designed to consolidate the considera-
ble research that has been cenducted in the North-
west, much of which is unpublished and:or generally
unknown. This state of affairs has led to duplication or
lack of research and/or management efforts, difficulty
in referencing obscure but relevant literature, and in-
tensive research into certain species and habitats
with others being relatively ignored. Reference
material for this manual should be sent to Tracy L.
Fleming, P.O. Box 102, Rosatia, WA 93170. Phone
(509) 523-5085.

Jim Agee, research bioiogist stationed at the Uni-
versity of Washington CPSU in Seattle, has been
ramed by the Washington Commissioner of Pubtic
Lands 1o an 18-member advisory committee to help
the Washington Department of Natural Resources
prepare managment plans for its proposed 13,500-
acre Tiger Mountain State Forest southeast of
Issaquah, WA.

“Foreign Visitors and Interpretation: A Sociological
Look at the Japanese Tourist,” by Gary Machlis,
Donald Field, and Mark Van Every, was published in
May as University of ldaho CPSU S82-1. The secon-
dary data presentec provide a description of the dis-
tribution of Japanese visitation to the U.S. with spe-
¢ial emphasis on implications for interpreting to this
special visitor population. The report is the first in a
series on foreign visitation being prepared by ihe
Pacific Northwest Region's science staff. The second
report, on a pilot study of foreign visitation to Grand
Canyon, wil be completed and distributed shortly.

A 25-page report on the January 27-28 Crater Lake
research planning meeting and workshop, hosted by
the CPSU on the Oregon State University campus. is
now available. Selected research resulis given at the
meeting are summarized in the report, available from
James Larson at PNR headquarters in Seattle.

Midwest Region

Beginning in summer 1982, the Midwest, South-
west, and Rocky Mountain Regions will cooperate in
contracting for studies of prairie communities in parks
in the Great Plains as one of the Washington Science
Office’s Interdisciptinary Programs. Initially, a list of
parks with prairie and the type, acreage and condition
of prairie within these parks will be produced. The
studies will identily and consolidate known informa-
ticn on prairie management and management tech-
nology into formats and quidelines usefu! to the park
resource manager.









letters to the editor

Editor's Note: The following Lefter to the Editor
was received by the George Wright Sociely FORUM,
in response fo the "Review and Recommendations
on Animal Problems and Related Management
Needs In Units of the National Park System,” by
Durward L. Aflen, Larry Erickson, E. Raymond Hall,
and Walter M. Schirra, which appeared in the Au-
tumn 1981 issue of FORUM. It /s run here because
of its pertinence to National Park management and in
the hope that it will elicit Jurther comment.

To the Editor:

In the autumn issue of The George Wright Forum,
Allen ot af. (1981), p. 27-28, state that “even the
most superficial review of animal problems in the
parks reveals that overpopulations are at the root of
many difficulties.” They further suggested that
perhaps deputized hunting, “to take surplus big game
within nationaf parks will need to have greater consic-
eration in the future.” Although | am confident that the
authors were nol proposing that ungulate manage-
ment in national parks be based on superficial
analyses, | believe that they understate the complex-
ity of the issue.

The term “overpopulation” implies that there are
too many individuals of a given species in a given lo-
cality. However, determination of acceptable popula-
tion sizes or densities is difficult, except in cases of
exolic animals in national parks, where even one indi-
vidual represents an overpopulation. Even that policy
is based on a social judgment and is subject to
change with changing societal values.

Identification of overpopulations of native animals
is considerably more compiax, Allen ef al. (1961} felt
that overpopulations existed when man-caused
habital changes or other influences caused a species
to increase to a level which was destructive of its food
supply or damaging to pristine piant and animal com-
munities. If it were easy to identify man-cause
changes and to document damage to food supply
and pristine ecosystems then animal management
decisions would be fairly simpie. However, identifying
those impacts usually is difficult.

An important problem is our lack of understanding
of primeval systems. In order to measure ecological
change caused by man, we must understand how the
system functioned prior fo his amival. Because we
were not present to describe those environments, we
must rely on historical accounts and current studies
of contemporary habitats and wildlife populations that
usually are conducted over a relatively short time
span. As one would expect, this frequently results in
oversimplification, conflicling opinions, and perhaps
even misinterpretations and erroneous conclusions.

As a result, our understanding of processes by
which wildlife populations were regulated primevally
is fairly rudimentary. With regard to ungulates there
are basically two perspectives; one emphasizes the
role of predation and the other suggests that un-
gulate-habitat relationships are most important. H
seems unlikely, however, that a single factor is in-
volved in natural regulation of ungulates.

Peek, {1960, 1981} and Caughley {1981) provide
excellent discussions of those two approaches.
Briefly, predation hypotheses emphasize the impor-

tance of predators in limiting prey populations, beth
by direct reduction of numbers and impacts on be-
havior and distribution. Habitat-ungulate hypotheses
postulate that ungulate populations were limited prin-
cipally by availability of forage. Much of the latter
apprcach has been derived from cbservations of sud-
den increases or irruptions of ungulates following im-
provement of habitat (i.e. by fire} or their introeduction
to previously unoccupied areas. Caughley (1979)
considered irruplion to be a basic pattern of popula-
tion growth for ungulates, with estabfishment of new
herbivore-plant equilibria following peak populations.

Clearly the park manager is faced with a dilemma.
It extiroated predators were the principal factors limit-
ing ungulate populations, hunting or direct reduction
could be appropriate. On the other hand, it irruptive
growth of ungulates is natural, high densities would
not necessarily represent overpopulation.

Even if an unnatural increase in a population oc-
curred. and reduction was desirable, we still must de-
fermine an appropriate population density. In cther
words, a “carrying capacity” must be established.
This term requires careful definition. Caughley (1979)
pointed out that it has been used commonly to denote
a density of animals that provides a maximum sus-
fained yield. Caughley calls this density “economic
carrying capacry,” In contrast to “ecolegical carrying
capacity,” which typifies an unharvested equifitbrium.

Populations managed at economic carrying capac-
ity typically will be at low to moderate denstties, have
high reproductive and survival rates, and individuals
will be in relatively good physiological condition. The
converse of these wil be true for populations at
ecological carrying capacity.

Neither of those two versions of carrying capacity is
right or wrong. Rather, the two reflect differences in
management ojectives; i is critical that park mana-
gers know the difference between them, State game
agencies most often will manage for economic carry-
ing capacity, while the Naticnal Park Service appro-
priately should manage for ecoiogical carrying capac-
ity. Population censities that would be considered
to be overpopulations on non-park lands may be per-
fectly natural in a national park.

Managers also should recognize that reduction of
population densities will result in increased productiv-
ity and survival, thus making control even more diffi-
cult. This is precisely the technique that is used to
manage ungulate populations for maximum sus-
tained yield. Therefore, confrols such as hunting
would be required indefinitely. Not only will control
change the demography and dynamics of the ungu-
late population, but behavior and distributicn also will
be influenced.

Thus, in view of our incomplete understanding of
natural regulation, any decision te hunt or control na-
tive populations should be critically scrutinized and
based on specific scientific research. This research
should focus on the mechanisms of population regu-
lation for the species and population in question,
Superficial analyses may suggest that surpius indi-
viduals should be removed, when in fact populations
are simply at ecological carrying capacity. On the
other hand, increased knowledge of natural regula-
tion would allow early identification of man-caused
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changes and pemmit timely implementation of
management programs to either control or augment
populations.
Edward E. Starkey, Research Biologist
Cooperative Park Studies Unit,
Oregon State University
Corvallis, OR 97331
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To the Editor:

I am writing about program pricrities: the urgent.
the cntical, the routine.

Considerable emphasis has been placed on the
establisnment of park. Regional, and Servicewide
priorities 1o cover diverse projects, ranging from con-
struction, Park Rehabilitation and Improvement Pro-
gram (PRIP), park planning. research, resource
management, and any other task that can be ranked
numericalfy. Priorities can be an exiremely useful tool
in making “eitherior” decisions in times of limited
funds, such as funding one project and deferring
another, or emphasizing cne program over another.
Health, life and safety issues of PRIP make up a good
example of the latler. However, priorities are not a
substitute for, nor should they override, common
sense. This is especially true in resource manage-
ment.

Several schemes have been developed to rank
projects in terms of a variety of legislative, ecological,
or other pertinent factors with a goal of identifying
those projects which are most criticat and urgent.
These, of course, are the projects given the highest
priority ratings. As a general rule, high priority pro-
jects also are the most costly. The implication that the
Service should address only the highest priority re-
source projects is myopic and can only lead to the de-
gradation of cultural and natura! resources. Nipping
problems in the bud stage. {i.e., low priorty), is
sounder and more efficient than waiting for them to
bioom into unmanageable crises. An old Service
motto for cultural resources reflected this philasophy:
“It's better io maintain than repair; it's better to repair
than restore: it's befter to restore than reconstruct.”

| haven't seen or heard that saying for a number of
years. but despite the fact that it appears in conflict
with our current priority ranking of culturai resource






cert with management requirements. University con-
tracts and ineragency agreements fill the voids.
Scientific research demands are increasing and an
expanding data base is helping us protect and man-
age park resources.

Glacier Naticnal Park was established as an Inter-
national Bicsphere Reserve in 1976 . . . recognizing it
as a representative area for its conifer forest and
alpine tundra and its designated responsibility to pre-
serve genetic integrity in the plant and animal
communities.

We are providing specific Man and the Biosphere
{MAB;) exhibits at the park and weaving MAB into our
inferpretive  programs and  environmental study
areas, into our talks t¢ service clubs and other out-
side speaking engagements, and into our information
releases 1o the various media outlets.

A severe lack of public knowledge about MAB
exists at present, but as we tell the story, we heighten
public awareness of the global significance of na-
tional parks and equivalent reserves. Our June
(1982) symposium at Glacier, in concert with the
Canadian Waterton Lakes National Park, addresses
management of the parks in relationship to their adja-
cert lands. It examines the issues and problems in
the context of research, monitoring, and education,
and seeks to identify research and management
strategies that might contribute to improved adminis-
tration and use of complexes of multipurpose and
multiagency lands in the future.

The introduction of exotic fish into the park be-
tween 1912 and 1972, the recent detection of
measurable degrees of acid precipitation in Glacier
NP, and other examples of degrading changes. all
draw attention to the importarice of MAB-oriented re-
search. The research cannot be accomplished too
iast. Managers cannot always wait for results; they
are liable to find themselves dealing with multipie
environmental threats before all the information is at
hand.

To gain the support for such research, we need
public understanding . . . good brochures, technical
aids such as slide‘tape programs, video presenta-
tions and other good exhibitry.

While national parks are ideal barometers of the
world's environmental condition, they depend for their
support on human use. For this reason, seme of our
research needs to be directed toward people man-
agement. For me, as a manager, this is as important
as research directed toward the grizziy bear. One is
unalterably tied to the other, just as is everything else
in the universe.

Park interpreters play a key part in explaining the
role of resource management and 7esearch 1o the
public. We may not be able to save Glacier NP as we
know it today unless there is a change in the attitude
of people about how we manage the lands surround-
ing the park. Such a change would constitute & new
tand management ethic. | would hope that the re-
search, education. training. and public information re-
sulling from the fact that Glacier is an International
Biosphere Reserve, would lead toward public support
for that new ethic.

Robert C. Haraden, Superintendent
Glacier National Park

Information
Crossfile

Harold Morowitz, in his February Science 82
column “Of Minds and Molecules,” describes an inter-
view he had as a young scientist, in which he tried to
explain what he was doing in terms of “adenosine tri-
phosphate” and similarly arcane language. At every
turn the reparter balked ‘and we had to go back to
square one” The article that finally appeared was
garbled and gave a confused account of the research
in progress. “The troubling issue persisting over the
years,” Morowitz writes, ‘is that one of the great intel-
lectual triumphs of all ime is written in tongue-twisting
polysyllabic words such as nicotinamide-adenine-
dinucleotide-phosphate. How is one fo tell the story of
this important achievement in biochemistry to a gen-
eral public unfamiliar with such language? One of the
most significant advances in understanding the na-
ture of life remains unknown to most people because
it is inseparable from very long words that intimidate
the uninitiated and keep them from insights that hoid
a wide range of unexplored implications.”

Tincke Bodde of BioScience has related thoughts
on science information transfer, Inthe Marchissue he
quotes James Grunig, professor of journalism at the
University of Maryland, on the subject. The greatest
contribution a scientist can make toward an accurate,
informative news story about his work, Grunig be-
lieves, is “framing the story for the writer, putting his
work into some kind of context — telling the writer, for
example, why he or she wanted to do the research,
what the problem was that he was frying to solve, or
what the importance is of his research, basic or ap-
plied, to science or to practical life situations.” Most
scientists assume, rightly or wrongly, Bodde thinks,
that the writer knows these details. A word 0 wise
scientists is sufficient.

One of the papers given at the Third International
Conference on State-of-the-Art in Ecotogical Model-
ing, held May 24-28 at Fort Collins, explores the eco-
nomic and energetic measurement methods for ob-
taining the relative values of natural vs. mechanical
systems for solving environmentat problems. Pre-
pared by Ane D. Merriam and Shirley P. Burggraf, the
paper is a model for determining “appropriateness” in
using environmental systems in appropriate technol-
ogy applications. Both energy and economic analysis
are applied in two case studies, and the political
feasibility factor also is taken into account. Merriam is
director of Water Resources, Institute of Science and
Public Atfairs, Florida State University, 361 Bellamy
Building, Tallahassee, FL 32306; Burggraf is profes-
sor of economics, Florida A&M University, 301 Lee
Hall, Tallahassee, FL 32307.

L]

16

The current issue of Trends, Vol, 19, No. 1, is de-
voted to natural rescurce management. The issue
addresses the latest developments in fire manage-
ment, integraled pest management, endangered
species, wildlife populations, and mineral manage-
ment. Alsc included are articles on resource manage-
ment plans, natural resource management training,
the complexities of resource management in the
parks, and a manager's perspective of natural re-
source management.

Science Record, the Oregon State University Col
lege of Science bulletin, carries word in its Spring
1982 issue that the entire collection of imagery taken
by NASA's Landsat | - the first Earth Resources
Technology Satellite — is now the property of the OSU
Department of Geography. The collection, conserva-
tively estimated at more than $7 million in worth, con-
sists of more than 700,000 fiim negatives of earth's
surface taken between 1972 and 1978. The donation
to 05U was made by the U.S. Department of Agri-
culture.

The smaller collections of negatives taken after
1978 by Landsat Il and Il are being shared by the
University of Arizona, the University of California at
Santa Barbara, and the University of Wisconsin at
Milwaukee. All four universities have agreed to code
and classify the imagery in the same manner, to sim-
plify intetinstitutional exchanges.

“America’'s MNational Parks: A Heritage in
Jeopardy,” is the fitle of a five-part series that ran, be-
ginning June 14, 1982, in The Christian Science Mon-
itor, Written by Robert Cahn, who won a Pulitzer Prize
14 years ago for a similar series entitled “Will Suc-
cess Spoil the National Parks,” the currenl seties
takes a look at the new concemns — external threats,
untraditional additions to the System, and political
and budgetary restraints that “often work against
parks getting the expert help needed 1o care for their
rescurces adequately.”

Midwest Regicn NPS scientists are keeping cur-
rent with literature through weekly circulations of
“Current Contents." They receive weekly editions in
the following areas: (1) agriculture. biology and en-
vironmental science; {2} physical, chemical and earth
sciences.

Each edition lists the table of contents from re-
cently published scientific journals in these areas. Au-
thor addresses also are given so that reprints can be
ordered. The scientists, especially those far from |-
braries. have found “Current Contents” to be a valu-
able tool. Once each issue circulates through the Re-
gion {about 4-5 weeks), it comes back to the Regional
Office and then is routed to Alaska Regional Office,
Western Regional Office, and Mid-Atiantic Regional
Office. If anyone else is interested in looking at these
“spent” issues, please contact Gary Larson (Midwest
Regional Office, 1709 Jackson Street. Omaha, NE
68102) and your name will be added to the routing
shp.
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A University of Oregon researcher and her col-
leagues have found fossil evidence for plant life exist-
ing as long as 475 million years ago in Libyan rock
samples recovered from oil-drilling explorations. The
dating, by UO biologist and geologist Jane Gray and
others, appears to push back by about 75 million
years the earliest kriown time plant life established /-
self on land, beyond dafings of previous finds in the
North Atlantic Region. Resutts of Gray's latest work —
done in collaboration with geologist Arthur Boucourt
of Oregon State University and Dominique Massa, a
geologist with the French petroleurn firm Compagnie
Francaise des Petroles — are reported in the April
1982 issue of Geology: The evidence is in the form of
“cuticle-like” sheets of cells and microscopic spores
of some form of land plant that once existed near an-
cient ocean shorelines - now pant of inland basins
isotated from the Mediterranean Sea in western and
southern Libya.

The Seattle monthty alert Westfornet (Westemn
Forest tnformation Network) for May contains news
of:

An article by R.F. Strayer and M. Alexander in Vol.
10 No. 4 (October-December 1981) Journal of En-
vironmental Qualty, p. 460-65, that deals with the ef-
fects of simulated acid rain ¢n glucose mineralization
and some physico-chemical praperties of forest soils.

A piece by Max W. McFadden (et al) on integrated
pest management in China's forests, in the Journal of
Forestry, Vol. 79 No. 11 (November 1981}, p. 722-26.

An article by David J. Parsens in Madrona, Vol. 28
No. 3 (July 1981) on the historical rofe of fire in the
foothill communities of Sequoia National Park.

A posttion paper on managment and protection of
western riparian stream ecosystems by the American
Fisheries Society, Western Division, Riparian Habitat
Committee of Tualatin, OR.

Science 82, in its June issue, describes the ef-
forts of three Woods Hole Oceanographic Institution
biologists to assess the role of ballast tank water in
accelerating the spread around the world of fish,
plankton, shrimp, crabs, worms, and other sattwater
creatures. Ballast tank hitchhikers recorded within 10
minutes of the opening of the ballast tank hatch of a
ship in Delaware Bay included sticklebacks picked up
in the Weser River in West Germany 12 days earlier,
plus several kinds of epossum shrimp, copepods,
bristle worms, and lots of phytoplankton. A few acci-
dental introductions — like the Atlantic soft-shell crab
{Mya arenaria) and the Japanese cockle {Tapes
japonica) — both introduced on the shells of oysters
brought for cultivation to the west coast of North
America — have been economically beneficial. But
‘many of the accidental introductions have followed
the usual pattern of exatics, oulcompeting native
species and crealing general econornic and environ-
mental headaches.

The Crosscutrents section of June's Science 82
provides this issue's laugh. It concems “The Name

Game” a /a Carolus Linnasus, who ordained in 1753
that all plants and animals should have a generic and
a specific name, preferably in a language approxi-
mating Latin or Greek. When a colleague named
Evans sent Arnold Menke of USDA's Systematic En-
tomology Lab two wasp specimens from Australia,
Menke iooked at them and exclaimed "Aha!l” He then
announced the species in a paper entitled ‘Aha, a
new genus of Ausiralian Sphecidae.” The first he
named Aha evanst, the second Aha ha. “If the gods
{and Evans) are kind enough to provide him with such
an opportunity again,” the item reads, “Menke now
says he will name the new genus Ohng, and will re-
port the discovery in a paper entitied “Ofno, another
new genus of Australian Sphecidae.”

The Summer 1982 issue of Forum contains an arti-
cle by Jim Bennett of the NPS Air Quality Division,
describing the development of a computerized floras
(systematic lists of the planis of an area} for all natu-
ral area parks in the National Park System. The proj-
ect, kept deliberately small for purposes of economy
and efficiency, was begun in 1982 and is expected o
continue in Fiscal Year 1983. Gary Waggoner of the
Denver Service Center is directing the entry of the
floras, checking the synonomy, and collecting some
of the floras. Eventually, it is planned to make the
data base accessible to users outside the Air Quality
Division, Bennett says.

Ecology Review Lauds
Scientific Monographs

Words of praise for the National Park Serv-
ice's Scientific Monograph Series appeared in
Ecofogy (Vo!. 63, No. 2, p. 801-2) from the pen
of Norman L. Christensen, department of
hotany. Duke University. Some excerpts:

“Several volumes deal with the ecology of
large mammals and the imporiance of National
Parks as refuges for such beasts. The first vol-
ume on the bison in Yellowstone National Park
{by M. Meagher) is a data-rich treatment of the
factors controlling their populations. It also pro-
vides a detailed description of the historical
changes in bison poputations in Yellowstone.
The biology of the grizzly bear in Mount McKin-
ley National Park is the topic of the fourleenth
number in the series. This volume represents
the life work of Adolph Murie and deals primanly
with the habits and behavior of the grizzlies.
Written almost in the style of a diary, itis a
beautiful glimpse into the wonderings and wan-
derings of a superb naturalist. Unlike other vol-
umes, we are not confronted here (for better or
worse) with 1ables or statistics. To quote Murie,
1 have, | think, avoided the ecologists jargon,
the scientific phrases so frequently created by
ecclogists and animal behavionists 10 make
simple facts sound profound and impressive.”
Nonatheless, we are convinced by this volume
that careful empirical observations, even if ex-
pressed in the common tongue, siill are of areat
value in ecology.

“Numbers 8 and 12 (Ecology of the Saguaro
by W. F. Steenbergh and C.H. Lowe and Gian!
Sequoia Feology by HT. Harvey, H.S. Shell-
hammer and R.E. Stecker) are detailed and
comprehensive accounts of the ecology of
single species. . .. The basic ecological infor-
mation provided more than justifies their exis-
tence. However, | found the final chapters in
each volume on management problems and
strategies to be equally informative. Both vol-
umes provide ample proof of the essential con-
nections between ecological studies and sound
management policy.
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*. .. Four volumes together form one of the
most comprehensive treatments | know of on
the ecology of Atlantic Coast barrier islands.
Number 7 (by H. Art} is an ecosystem-ievel
study of the sunken forest on the Fire Isfand Na-
tional Seashote, Numbers 6 (by S. Au} and 9
(by P. and M. Godfrey) deal with the history and
dynamics of barrier island ecosystemns south of
Cape Hafteras. Number 3 (by A.S. Johnson,
H.O. Hil'stead, S.F. and G.F. Shanholtzer) is a
survey of the variety of ecosystemns associated
with barrier islands along the coast of Georgia.
This volume treats in greater detail than the
other three the faunal ecology of these ecosys-
tems, including invertebrates.”

In summation of the series review, Christen-
sen asks a question and then provides nis own
answer.

“Is the publication of such a monograch
series justified in an age of competing needs
and budget constraints? After reading these
volumes, | answer with an emphatic yes. These
are not 'coffee table’ picture books and, i fact,
may seem pretty dull reading to the average
park wvisitor. However, each book gives a very
factual look at interesting organisms and unique
ecosysiems, and makes clear the problems in-
volved in integrating this information into policy
decisions in the context of the mulliple goals of
the Park Service. For several years | have used
two of the barrier island volumes as case his-
tory studies in my plant ecology course. Be-
cause they are less austere than scientific
papers, students find them interesting to read,
yet each one explicitly outlines methods, re-
sults, and conclusions in a very scientific style.
Their modest cost makes them afiractive for
this purpose. It would be a great ioss if the Na-
tional Parks were not major laboratories for
ecological research. These volumes represent
an appropriate vehicle for synthesis of that re-
search and deserve much more attention than
they have yet received.









Ecological Systems Analysis
Draws Global Group

By William H. West

The Third Imernational Conlerence on State of the
Artin Ecological Modeling was held at Colorado State
University in Fort Colfins, May 24-28, sponsored by
the International Society for Ecological Modeling
(ISEM) in cooperation with the National Park Service
Waler Resources Laboratory and hosled by the CSU
Naturai Resource Ecology Laboratory. Scientists and
land managers from Egypt, France, Austria, New
Zealand, Denmark, Argentina, and The Netherlands
as well as the United States, Canada, and Mexico at-
tended the five-day conference fo advance the devel-
opment of ecological and environmental modeling.

The conference had as specific objectives: 1) to
provide the first forum in North America for the inter-
national exchange of research results and applica-
tions in ecological modeling; 2) to expand the subject
matter of the first and second cenferences; 3) to pro-
vide more focus on specific problems in systems
ecology and their solution by employing ecelogical
modeling for managing the environment; and 4) to
create a North American Chapter of ISEM to
strengthen the international communication and inter-
change in this subject area. In pursuit of these objec-
lives, papers were presented during technical ses-
sions in five general areas: Energy Development,
Theory and Methods, Water Resources, Animal Life,
and Land Resources.

Papers presented in each of the five general areas
ranged from theoretical, to applied, to aids and tech-
niques useful in systems ecology. Many of the papers
presented in the methods and theory session deait
with the problem of guantifying the interactions be-
tween different elements of an ecosystem. Questions
were raisec concemning the magnitude of direct ver-
sus indirect effects and how to determine these inter-
actions. Many new and varied approaches to these
problems were presented and while the proposed
solutions are still highly theoreticai, their applications
1o practical problems can be plainly seen.

Among the papers addressing today's practical
problems were applied models in such areas as
Spruce budworm outbreak and control, determination
of optimal resource sampling, the effects of cultiva-
tion on crop yields, and recreation carrying capacity
of ecosystems. Each of these models, and many
more presented, was designed with the manager in
mind. Limited data inputs and conversational inter-
active programs were just two of the methods used to
make ecological modeling more responsive to the
land manager.

New techniques, and old technigues newty disco-
vered, were presented in papers to aid the modeler.
In many instances, the procedures presented allow
the modeler o better provide for the needs of the
manager. Papers in the areas of curve fitting, modular
programming, paramater estimation, and sensitivity
analysis provide the systems ecalogist with the tools
necessary to better model an ecosystem and to
evaiuate the results of their modeling effort. These

procedures, in many cases, provide the modeler with
the simpiifications needed to convert ecological mod-
eling from primarily a research tool fo that of a man-
agement lool.

The c¢losing session consisted of state-of-the-art
reports in each of the five general areas with sum-
maries of the previous sessions and an opening of
the meeting to comments and discussions from the
floor. In the course of the discussion, a clear consen-
sus of the state of the arl in ecological modeling
emerged. It was widely accepted that the artis at a
very primitive state. The field has made some strong
advances over the last few years, as demonstrated
by the quality of papers presented, but is not currently
at the point where it can fruly be called a discipline or
concentration. The need was expressed by some for
a unified approach to quickly advance the modeling
field beyond its current condition. An opposing view
was expressed by those who felt that because
ecological modeling was still in its infancy it was pre-
mature to develop a unified approach, It was appar-
ent thal ecological modeling will evolve at its own
pace and explore all avenues of thought.

Closely linked with the unified approach to ecologi-
cal modeling was the concept of a global ecosystem
theory. Although generally believed to be a decade
away, and in some aspects a generation away, it was
strongly felt that systems ecology provided the best
opportunity for ceveloping a general ecosystem
theory. A global ecosystem theory advanced through
syslems ecology could remave much of the ambiguity
currently faced in resource management, benefiting
both the researcher and manager.

One concept universally expressed was the need
for the medeler to become more in tune with the
needs of the manager. To accomplish this the man-
ager must be brought into the modeling process and
made aware of the benefits and limitations of ecologi-
cal modeling. The modeler must design programs
with the user in mind through such technigues as lim-
ited data inputs, user friendly interactive programs,
and modular programming. Additionally, the systems
ecologist must gain a befter understanding of the
needs of the manager by better communications with
management and through the concept of a modeler:
manager dual training.

In general, the third international conterence on
State of the Arl in Ecolegical Modeling was a suc-
cess. Through the exchange of ideas and the discus-
sion of new approaches the field of systems ecology
was advanced. The concepts presented and the
courses plotted will provide resource managers with
new tools, and a clearer understanding of the ecosys-
tem, bath now and in the future. Through meetings
such as this the field of systems ecology will become
an ever-increasing segment of ecosystem research
and management. Those interested in a copy of the
conference proceedings, which include all papers
and the five state-of-the-art summaries, may write to:
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ISEM
Langkaer Vaenge 9
DK-3500 Vaerloese {Copenhagen), Denmark

Wesi is with the BLM Division of Resowce Sys-
fems, stationed at the Denver Federal Center.

Editor’s Note: A Pacific Northwest modeiing proj-
ect, described in the most recent OSUCPSU Annual
Report (for 1981), is reported here.

Models to simulate ecological changes in Mount
Rainier, Olympic, and North Cascades NPs have
been developed for NPS by Jerry Frankiin of the U.S.
Forest Service, and Mark Harmon of the Oregon
State University Department of Forest Science.

Study objectives were: (1) to develop a computer
model that will simulate the birth, gromth and death of
trees in west slope forests of the Pacific Northwest;
{2) to verify the model using a known data set from
H.J. Andrews Expenmental Forest and produce a
document explaining model structure, limitations, and
potential uses; {3} to use the model for comparing ef-
fects of clear-cutting, blowdown. and fire disturbance
on succession of Douglas-fir forests in Otympic NP;
and (4) to incorporate the influence of elk browsing
and nurse-logs into the mode! and assess the impact
of these variables.

The mode! has been constructed and verified,
using the H.J. Andrews data set. A paper has been
prepared explaining the structure of the model and
potential uses, and a manuscript of the model
documentation, by Dr. V.D. Adams, describes the
subroutines used to stock, grow, kill, and disturb the
simulated forest. The rationale for the equation forms,
model results and validation also are presented, to
give potential users of the model confidence in the
model's ability to simulate changes in forest structure
over time,

The model now is being used to test effects of
clear-cutting, fire, and wind-throw on stand structure.
Modeling effects are being combined with research
conducted by James Agee (PNR research biologist)
in Olympic NP. The influence of elk on structure of
sitka spruce-western hemlock was investigated in
13881 via the model and has been submittec for publi-
cation to Northwest Science.

The study's basic conclusion was that flucluation in
elk populations during the last 150 years have had lit-
tle cbvious effect on forest structure. Preliminary field
work on development of trees on nurse-logs was
completed and more extensive work is planned for
summer 1982. The goal is to determine probability of
a seedling growing on a log becoming a canopy tree.

In another spase of research on the role of nurse-
fogs, a set of experiments has been undertaken in the
Hoh River Valley 1o determine factors that coniribute
to heavy use of logs as seed beds. The experiments
will test the effect of seed predation, competition with
other ground cover (e.g. mosses), flooding and soil
pathogens. These experiments will be completed this
summer.









Resource Information Tracking
System (RITS) Software Started

By Ro Wauer

Inadequate information is an extremely serious ob-
stacle to sound planning and decision-making. it is
even more Serious when the protection of a nationally
significant resource depends upon that information,
And it is a gross malfeasance when significant infor-
mation is available but can not be retrieved when
necessary.

The demand for available information far exceeds
the present capability of the National Park Service to
provide it. This shortcoming affects every facet of
management in the parks, regions and the central of-
fice. It leads to delays, redundancies in efforts and
costs, increased paperwork, and erors that directly
affect the very resources the Service is mandaied to
preserve.

Although the Service has initiated many well
conceived data-gathering projecls, ranging from in-
ventories to long-term environmentat monitoring, the
majority fast only as long as the principal investigator
remains on site; the products from these endeavors
often are ufilized only so long as the users know
where to lind readily the necessary information.
Important and worthwhile information is often lost or
forgotten because of its inaccessibiity,

This problem of inadequate information flow was

identified in the 1981 State of the Parks Prevention’

Mitigation Report, a followup to the initial State of the
Parks — 1980 Report to Congress. The Prevention/
Mitigation Report outlined a strategy for threat iden-
tification, assessment, manitoring, and prevention
and mitigation. This systematic approach begins with
comprehensive  Resources Management Plans
{RMPs} required for every park unit. Each Plan must
include a series of Project Statements that document
all of a park’s resource projects; they range in detail
and importance from such housekeeping activities as
vista-clearing or hazardous tree control to more seri-
ous problems of internal and external impacts to park
values. The framework outlined in the Prevention
Mitigation Report encompasses an information man-
agement system, built upon the numerous Project
Statements, and capable of tracking those activities
throughout their existence, including all resultant re-
ports. This information management system is RiTS,
A Resource Information Tracking System.

R1TS will serve three major functions:

1) It will track all ongoing and proposed
NPS resources management activities that
have been classified as either resources
management, monitoring, or research and
documented within area RMPs;

2) Htwill incorporate a process for putting in
new and pertinent information at the regiona!
level and at some park areas as the informa-
tion becomes available; and

3) It will provide storage and instant re-
trieval of information about management,
monitoring and research within each park unit
and throughout the service. Key words wilt be
utilized for information retrieval.

R 1T S will consist of three subsystems:

1) natural and cultural resources manage-
ment data derived from the park’s RMPs as
described above:

2) abstracts of all reports derived from
monitoring and research projects described in
Project Statements, as well as from other
closely related reporis from a wvariety of
sources; and

3) resource activities that are approved
through special use permits issued by park
personnel for studies and other resources
management activities. These Resource Ac-
tivity Permits include research and monitoring
underiaken by non-NPS scientists or re-
source managers, and will replace the
Superintendent’s Annual Research Report.
The Resource Aclivity Permit subsystem will
provide the system with the most up-to-date
information available from the parks.

The first step in the evolution of R1 T § software is
underway. A functional requirements document is
being written and will provide information about
details of the system sufficient for actual design to
begin by late summer or early fall,

Also underway is a complete review of area RMPs
to determine compliance with the guidelines. Seme
clarification of the guidelines wit be required to as-
sure Plan consistency to the degree that they can be
utilized as the basis for R 1 T S.

Itis anticipated that R | T S will be a reaiity by 1984.
It is expected to function on either IBM or HP
hardware; that decision will be made by late summer,
1982. The Washington Office plans to develop and
maintain the systern; users at the parks and regions
will be charged for system use on a time basis.

Taken together, records of the various activities will
conslitute a significant information base. R 1 T S will;

—document the resources management, monitor-
ing and research activities (as outlined in area RMPs)
through all stages of conception, implementation and
projec! reporting;

- provide reference on state-of-the-art methods
and techniques for accompiishing (1) resources man-
agement tasks, (2) monitoring tasks, and {3) research
tasks.

Because area RMPs will provide the basis for
R1T S development, it is especially imporiant that the
Plans, which are the responsibility of park superinten-
dents, be as complete and concise as possible. Con-
sistency is of greatest importance!

R 1T 8 will provide Service personne! instantane-
ously with up-to-date information and tie together the
functions of resources management planning, man-
agemeni, monitoring, research, and reporting into a
cohesive and integrated program. It will help to move
the Service into a more modem mode 1o cope with
the resource threats of our modern technological so-
ciety.

Wauer is chief, NPS Natural Resource Marage-
ment Division, Washington, D.C.
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The Greenhouse Effect
Attracts Speculation

The January issue of Agroborealis, published by
the University of Alaska Agricultural Experiment Sta-
tion, Fairbanks, AK 99701, carries an article by Glenn
Juday, a wisiting asseciate professor and ecological
reserves coordinator, titled "Climatic Trends in the In-
terior of Alaska: Moving Toward a High CO, World?"
Juday's analysis begins with the peak of the last gla-
cial period, about 14,000 years ago, and notes that
the change from full glacial to modem climate condi-
tions “was very rapid in northwestern North America,
being essentially completed in 1,000 years." He
traces the forest-tundra treeline in the central Cana-
dian Arctic as a shifting climate marker readable in
terms of the past several thousand years, and adds to
that record the ground and soil temperatures “since
the ground ‘remembers’ the temperature to which it
has been exposed by storing the heat {or cold, de-
pending upon your point of reference.}"

Juday concludes that “perhaps the most far-reach-
ing consequences of CO, induced climatic warming
would come about if the hypothesized collapse of the
west Antarctic ice shelf occurred, rapidly raising world
ocean levels by nearly 16.5 feet (Mercer, J.H. 1978.
West Antarctic ice sheet and the CO., graenhouse ef-
fect: a threat of disaster. Nature 271:321)." On the
other hand, he points out, although much of western
and northern Alaska’s coastal region would be inus-
dated, a real warming could enhance the prospects
for success of Alaska’s new agricultural development
projects.

An arlicle {"Computing Climate,”) in the May issue
ol Science 82 on long-range climate modeling with
computers, suggested that the chances for accuracy
from such forecasts were “0 to 100%.” A letter to the
editor of Science 82 in the July-August issue dis-
agrees on the basis of a National Academy of Sci-
ence panel (in 1979} that tried, with no success, to
find a factor that would diminish to negligible propor-
tions the effects of a carbon dioxide rise. The panel
concluded that a global temperature rise of between
two and five degrees Celsius was likely.

Please add my name to your sub-
scription list,

Name

Street

City, State.

|

Zip.—




POSTAGE AND FEES PAID

SCIEN E U. S. DEPARTMENT OF THE INTERIQOR 4
——
INT @17 UsS MaiL
——

PARK NATIONAL PARK SERVICE
U.S. Department of the interior ’




	Cover Vol 2, No 4
	In This Issue
	From the Editor
	Representative Animal Community Being Created at Jamaica Bay
	GWS Strategy Conference on Resources Protection set Oct. 18-20 in D.C.
	Aquatic Studies at Indiana Dunes
	Carrying Capacity Project Underway
	Clark Named to PNR Post
	Fire Management Software Developed
	Research Note
	A Boreal Forest Park: Problems and Approaches
	Peregrine Rescue Efforts Continue at Crater Lake
	Regional Highlights
	Ever Tougher Fight Faces Everglades Over Water Rights
	letters to the editor
	superintendents’ corner
	Information Crossfile
	Ecology Review Lauds Scientific Monographs
	Biological Studies and Materials Comparisons on a Puget Sound Artificial Reef
	Ecological Systems Analysis Draws Global Group
	Cornposting: Solve a Problem And Create a Useful Product
	Resource Information Tracking System (RITS) Software Started

