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PER.SONNEL NOIES

The following people received graduate degrees in Wildlife Ecology, or Wildlife Conservation, in
December, May or August:

BRAD BLACKWELL is a research associate continuing to work on fisheries/cormorant issues at the
Univenity of Massachusetts, Amherst. PHILLP d€il,IAYNADIER was appointed to a Research Associate
position in the Deparment of Wildlife Ecology and will be working in collaboration with Malcolm Hunter and
Robert Seymour on a book entitled 'Ecological Forestry on Private knds."

The following people received graduate degrees in Zoology in August:

CIIRISTOPIIER HARTLEB joined the frculty of the University of Wisconsin-stevens Point as Assisant
Professor. ANDREW II,IADDEN accepted a biologist position with the Chesapeake Bay Biological
hboratory in Solomons, Maryland.

COLI,ABORATING AGENCIES AND ORGANIZATIONS

Audubon Society of New Hampshire-ASNH
Baxter State Park - BSP
Boise Cascade - BC
Bowater-Great Northern Paper, lnc. - BGNP
Champion International Corporation - CI
Connecticut Deparment of Environmenal Protection -

Wildlife Division4DW
Cooper Ornithological Society
Davis Conservation Association - DCA
Hirundo Wildlife Retuge - I{WR
Holt Woodlands Research Foundation - HWRF
James River Corporation - JRC
Maine Association of Wetland Scientists
Maine Atlantic Salmon Authority - MASA
Maine Audubon Society - MAS
Maine Bureau of Public lands - MBPL
Maine Deparment of Consenration - MDC
Maine Deparment of Enviromenal Protection - MDEP
Maine Deparment of Inland Fisheries and Wildlife - MDIFW
Maine Dqnrment of Marine Resources - MDMR
Maine Forest Service - MFS
Maine Geologic Survey - MGS
Maine Image Analysis lab - MIAL
Maine Office of Geographic Information Systems - MOGIS
National Biological Service - NBS
National Council of the Paper Industry for Air and Stream Quatity Improvement - NCASI
National Wild Turkey Federation -

ConnecticutChapter - CC NWTF
New Bnrnswick Fish and Wildlife Branch - NBFW
New Hampshire Fish & Game Deparment - NHFG
New Hampshire Deparment of Resources and Economic Develop'ment -

Division of Forests and I-ands - NHDFL
Oak Ridge National I:boratory
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Environmental Sciences Division - ORNL
Penobscot Valley Conservation Association - PVCA
Seven Islands Irnd Company - SILC
Switzer Environmental Fellowship Program - SEFP
University of Maine - U of M

Association of Graduate Snrdents - AGS
College of Natural Resources, Forestry, and Agriculture

Cooperative Forestry Research Unit - CFRU
Deparment of Forest Management - DFM
Deparment of Wildlife Ecology - DWE
Forest Ecosystem Research Program - FERP
Mclntire-Stennis - MS

Maine Agricultural and Forest Experiment Station - MAFES
U.S. Deparment of Commerce

National Maine Fisheries Service - NMFS
U.S. Environmental Protection Agency - EPA

Environmental Laboratory, Conrallis, OR
U.S. Fish and Wildlife Service - FWS

I-ake Umbagog National Wildlife Refuge - LUI{\MR
USDA Agricultural Research Service
USDA Economic Research Service - ARS
USDA Forest Senrice - USFS

Forestry Sciences I;boratory, Corvallis, OR
Pacific Northwest Region, Portland, OR

USDI National Biological Service - NBS
I-eetown Science Center - LSC
Cooperative Park Snrdies Unit - CPSU
Patuxent Wildtife Research Center - PWRC

USDI National Park Service
Acadia National Park - ANP

Wagner Forest Management, Ltd. - WFM
Wildtife Forever - WF



Investigator:

Advisors:

Cooperators/
Project
Suppon:

CONTAMINANT BURDENS AND ECOLOGY
OF BALD EAGLES NEAR ACADIA NATIONAL PARK

A. C. Mae

J. R. Gilbert, Co4hairperson
A. F. O'Connell, Co4hairperson
K. E. Can
W. E. Glanz
D. J. Ilanison
W. B. Krohn
R. B. Owen, Jr.
C. A. Todd

University of Maine -
Deparment of Wildlife Ecology

National Park Service -
Cooperative Park Studies Unit
Acadia National Park

Maine Deparment of Inland Fisheries and Wildlife
Maine Deparment of Environmental Protection
U.S. Fish and Wildlife Service

1) Measure contaminant levels in eggs, chicks, adults, prey items, and
sediments or sessile madne enimals within nesting territories of bald eagles
on Maine's central coast.

2) Describe disnrbance stress, winter stress, home range and foraging areas
for selected nestiqg pairs.

3) Relate dl ftctors to eagle productivity using a multivariate analysis.

Objectives:

SCOPE: The reproductive rate of Maine's eagles is l040Vo below rates of other recovering populations.
This 4-year, Ph.D. level study will identiff factors responsible for low productivity in coastal eagles.
Contsminants xvs s mein focus, as this study follows a2-yar U.S. Fish and Wildlife Service/University of
Maine shrdy which found extremely high levels of persistent compounds (PCBs and organochlorine
insecticides) in coasal eagle nestlings.

PROJEtr STATUS: In 1996, blue mussels (Mytihn eduhs'; and American eels (Anguilla rostata) were
collected from throughout the study area. All archived samples, including bald eagle nestling blood, are
scheduled rc 6s rnatyzed for contaminants over the winter of 1996-97. A report on disnnbance at selected
nests near Acadia is in the National Park Senrice peer review prccess; major findings were that fledglings may
be more sensitive to disturbance tlan nesting adults, and tbat human activity close to the nest result€d in
higher levels of disuubance. Management recommendations include a 500 m buffer zone around nests,
maintained through August.

FUTURE PI'/INS: Final funds have been received and will allow analysis of archived samples. Weather and
food supply daa are being rnrlyzed to determine effects on eagle productivity. Project completion is expected
in 1997.



Investigator:

Advisors:

Cooperators/
Projeu
Suppon:

Objectives:

POPULATION STATUS AND HABITAT USE OF
BLANDING'S AND SPOTTED TURTLES IN SOUTHWESTERN MAINE

L. A. Joyat

M. L. Hunter, Jr., Chairperson
M. A. McCollough
D. J. Harison
K. E. Gibbs

Davis Consewation Association
Maine Depaxment of Inland Fisheries and Wildlife
Maine Audubon Society
University of Maine

1) Estimate population size; density; and sex, size, and age stnrcture.
2) Characterize home ranges and terrestrial movements, and determine if they

are affected by wetland isolation.
3) Document harching dat€s, hatching success, harchling movements, and

habitat use by harchling turtles.
4) Chanc0erize wetlands and upland areas used by each species and determine

if cerain habitats are used at different times of the yeax or for different
activities.

SCOPE: Both the Blanding's and the spotted turtle are believed to be declining throughout their geographic
range. Although both species are listed as threatened in Maine, the past and present population saars of each
species is poorly known. Nevertheless, known populations of Blanding's and qpotted turtles occur primarily
in York Cotmty, where the human population is rapidly growing. Increased dwelopment associated with
human grovtth has rezulted in the filling of many wetlands and possibly the pollution of others. Development
may also fragment habitat and cause turtle porpulations to become isolated and face a geater risk of local
extinction. Wetlands lss5 rhan ten acres, commonly used by both species, axe not protected through existing
state legislation. Habitat information is needed in order to implement habitat protection measures through the
Maine Endangered Species Act and Naoral Resources protection Act.

PROIECT STATTIS: Dxaanalysis is in progress.

FUTURE PLIINS: Revise thesis.

FISIMRIES RESOTIRCES:

POPULATION STUDTES OF MAINE INTERTIDAL FISHES

Investigator:

Cooperators/
Project
Suppon:

Objectives:

J. R. Moring

University of Maine

1) Identify environnental conditions associated with arrival and deparnre of



fishes in the intertidal zone.
2) Identi$ and quantify algal and food associations ofintertidal fishes.
3) Sardy movement paftems of Maine tidepool fishes.

SCOPE: Inrcnidal fishes are unique membere of the intertidal ecosystem. Tidepools serve a rursery function,
and youag of economically imporant offshore fishes utilize tidepools as refuges and nnmeries. Because of
specific algal ad habiat associations, these fishes can be zusceptible to enviromental contaminants in coastal
waters, both of a dfuect and indilect nahre.

Suweys siDce 1979 have identified 23 species of tidepool fishes in Mairc. The movements of the
rock gunnel have been exanined in marking shrdies, aDd algal associations aod food habits of lumpfish and
Atlantic seasnails have been quantified. Three study pools on Schoodic Peninsula have been snrdied since
1981, and work has also involved the first description of rock gunnels as the first intermediate host of the
digeuean flnlrr, Crypncoile Angw.

PROJECT STATUS.' Experiments with movements ofjuvenile grubbies and shorthorn sculpins are ongoing.
One paper on intertidal fishes was published in 1996 and several talks were presented.

FUTURE PUINS: Work dealing with intertidal movements of sculpins will continue in 1997, along with
experiments on Atlantic seasnail feeding and innovative fish marking techniques. Additional manuscrips are

being prepared.

GROWTH, SURVIVAL, AND PERFORMANCE OF STOCKED
BROOK TROUT IN LAKES WITH HEAVY COMPETITION

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objective:

C. F. Hartleb

J. R. Moring, Chairperson
J. H. Dearborn
K. E. Gibbs
W. H. Howell
I. L- Kornfield

Maine Deparment of Inland Fisheries and lVildlife
Maine Cooperative Fish and Wildlife Research Unit

Compare growth and nrrrdval of stocked spring yearling brook trout in waters with
heavy competition and \rat€rs with limited competition.

SCOPE: The state of Maine currently stocks yearling brook rout in bodies of water where angling demand is
high, but where competition from other species (smallmouth bass, yellow perch, white perch, suckers, chain
pickerel) may make srrch use cost-ineffective. There are no data on suwival or performance of such stocked
fish in these marginel waters, but this policy is relatively common in southern and central MaiDe. The snrdy
involves a umpling pro$an in rno lakes to analyzr growth of brook trout and food habits of trout and
competing species over two seasons. Growth rates and survivd wil be compared and used in a model to
predict potentid success of stocking in Maine lakes.

PROJECT STAZUS; All requirements for the Ph.D. degree (in Zoology) were completed in Augustl996.
The abstract follows:

Performance by stocked brook trout (fulvelims fontinalk) differs with respect to the native species
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present in the community into which the trout arc placed. Understanding the dietary and habitat requiremeuts
of the native species, and how the brook trout al0er the ecosystem, can lead to better trout m2nrgemeut.

I investigated diet composition and prey abundance and location in order to determine the foraging
habiat and dietary overlap of non-salmonid species in nvo Maine ponds that received harchery-reared brook
trout. Golden shiners (Notemigontts crysoleuau) and chain pickerel (Esox niger) had specialized diets,
feeding on plans/algae and other fish, respectively. Yellow prch (Percaflavacau) and pumpkinseeds
(Izpomis gibbostu) had broad diets, but coexisted because of abundant pr€y and habitat partitioning.

Stocked brook trout growth and survival were poor in one pond because of unsuitable texnperafire
and oxygen conditions. Brook trout were resricted to foragi4g in epipelagic water, which altered the foraging
pattems of yellow perch.

The diet of brook trout stoclcd in the other pod did not overlEr with any other qpecies and brook
trout occupid foraging habiat that was undenrtilized by the fish commuoity. Introdrrced brook trout did not
seem to affect the interactions of the native species, and the brook trout apeearcd 0o fill a niche where suiable
temperature, oxygen and prey allowed continued sunrival.

In the final section of this study, I develo@ a bioenergetics model based on a synthesis of studies on
the energetics of brook trout and other salmonids. Temperatures that exceeded optimel conditions for brook
trout decreased growth and survival. l,owest naintenance rations were required by brook trout at 13t and by
snaller-sized trout. Food limilalien5 and interqpecific competition affected larger brook trout less than
maller-sized firy. No differences were observed in the snnrival and growth of frll-fingerling and spring-
yearling brook trout and either size could be socked when conditions arc sub-optrmal.

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objective:

COMPETITION BETWEEN WHITE PERCH AND
ILLEGALLY-INTRODUCED BLACK CRAPPIE

A. P. Madden

J. R. Moring, Chairperson
J. G. Trial
'W. E. Glan-

Maine Deparment of Inland Fisheries and Wildlife
University of Maine

Document the impacts of illegally-introduced black crappie on growth and
population stnrcture of white perch.

SCOPE: Black crappie have been illegally introduced into several watea of Maine. In recent years, the
species has been introduced into Herman Pond, long the home of a popular white perch fishery, as well as
fisheries for snrallmouth bass and chain pickerel. Btack crap'pies have successfully reproduced and the
population ntmben have increased subsantially, possibly to the detriment of white perch. This project
examines the impact of this innoduced centrachid on the native white perch.

PROJECT STAZUS; All requirements for the M.S. degree (in Zoology) were completed in August 1996. The
abstract follows:

The invasion of black crappie (Pomoxis nigromaculnau) in Hermon Pond continued an expansion of
the species range into central Maine. Black crappie are rapid colonizen, a characteristic which could have
potentially detrimenal effects on resident fish populations. Coinciding with crappie invasion was a reported
decrease in quality of the historically important recreational white perch (Morone anericam) fishery in
Hermon Pond. I compared individual growth rates of white perch before and after the appearance of black



cnppie to detect eftcts of black crappie invasion. I firther conducted diet comparisons to dercrmine the role
of feeding in white perch-black crappie interactions. White perch growth in each of the prime growing years
greatly decreased when crappie densities were presumably highest. White perch and black crappie diets were
similer, but evidence of inrcrspecific competition for food resources was irconclusive.

ECOLOGICAL INTERACTIONS BETWEEN FISHES AND INVERTEBRATES
IN AN ESTUARY IN SOUTHERN MAINE

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objective:

M. A. Carturight

J. R. Moring, Chairperson
J. G. Trial
J. H. Dearbom
M. Dionne
R. S. Steneck

Maine Deparment of tnland Fisheries and Wildlift
University of Maine

Analyze benthic and planktonic prey items available to fishes utilizing the Little
River estuary and relate availability !o selection in a dynrmis syst€xn.

Gallagher

Moring, Chairperson
Kling
Trial

Maine Deparment of Inland Fisheries and Wildlife
University of Maine

Determine the sanrs of grass and/or redfin pickerel in the state and ro esablish a
biological data base for chain pickerel.

SCOPE: Estuaries are commonly assumed to be important nursery grounds for juvenile marine fishes. In
r@ent years, the stocking of brown trout (Salrno tutta> in the lower rivers of several coasal estuaries has

shown rapid growth when fish move into estuaries. This project svemines this ecosystem from both the
predaor and prey aspects. Collections ofjuvenile fishes in the estuary will be rclated o salinity and tidal
differences and shifting availability of prey items over tine, season and tidal cycles.

PROJECT STAZUS; Two field seasons have been completed at the Wells National Esnurire Research Reserve
and data are being analyzed to prepaxe three chapters of the disseration in Fall 1996. APh.D. disseration is
expected in early 1997.

DISTRIBUTION AND STATUS OF PICKEREL (Esox spp.)
IN CENTRAL AND SOUTHERN MAINE

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objective:

M.

J. R.
L. J.

J. G.
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SCOPE: Three nnusual pickerel, identified as a grass pickerel (Esox amcricams vermiculotw) or redfin
pickeiel (E. a. anuricatun), wete collected in streams near Bath, Maine inl9ftl and the Pemaquid River, in
192. Since that time there have been unconfirmed reports of other non+hain pickerel (E. niger) esocids
obsewed near that location and in other parts of the state. If grass pickerel or the closely-related zubqpecies,
redfin pickerel still exist in Maine, tbey may be candidates for special protection under Maine's laws. Despite
the wide distribution and popularity of chain pickerel, little biological data on age stnrcture, length/weight,
age specific length, spawning characrcristics, and distribution are available. This project will address both
questions during field work in 1996.

PROJECT STAIUS.' Field work began in 1996 and viable populations of either redfin or grass pickerel have
been discovered in two watersheds of central coasal Maine. Genetic analyses will be conducted in Fall 1996
to determine whether these esocids arc true redfin or grass pickerel or are some form of hybrid with chain
pickerel.

FUTURE PI'/INS: Genetic studies are scheduled for Fall 1996, followed by thesis writing. A Master of
Science thesis is expected by August 1997.

Investigator:

Advisors:

POPULATION DYNAMICS OF SEA-RUN ALEWIVES

J. F. Stahlnecker. III

J. R. Moring, Chairperson
J. D. McCleave
J. G. Trial

Maine Deparment of Marine ResourcesCooperators/
Projeu
Suppon:

Objective: To undersand the interactions and between stocking rates and the resultant numbers
ofjuvenile and adult alewives in Maine ponds.

SCOPE: The Maine Sate Iegislature has instnrcted the Deparment of Marine Resources to restore sea-nrn
alewives to their original range in Maine. To do this requires information on stocking rates appropriate for
producing adequate numbers of adult alewives. Some data from a restricted number of ponds are available,
but a wider range of stocking rates is necessary to identify the appropriate stocking rates for the future.

PROJEtr STAIUS.' The new work will begin in 1997. Site identification and planning will continue in
t996-r997.

FWURE PUINS: The investigator is enrolled on a part-time status, but is conducting the additional work in
cooperation with the Deparment of Marine Resources. A Master of Science thesis is expected in December
1999.

AUTUMN MTGRATION OF AMERICAN EELS

L. R. DanielsInvestigator:



Advisors: J. R. Moring, Chairperson
J. D. McCleave
A. Huryn

Cooperators/
Project
Suppon:

Objeuive:

Maine Deparment of Marine Resources

Investigate aspects of the life history of the American eel, eqpecially factors
influencing the fall migration of the silver eel stage.

SCOPE: Maine supports abundant populations of American eel, but there has been a rapid increase in hanvest

of the elver stage in recent years. Elvers ascend local rivers, taking up residence for many years in lakes and

rivers, before migrating back to the sea as silver eels in fall months. There has always been a fall fishery on

silver eels, but this accelerated fishery on the elver stage means that the populations are being harvested at

three sages fuing the life cycle (including the yellow eel sage). As a rezult, this project examines one

component of the freshwater sage-the sunmer feediqg by eels and the fall migration of adult silver eels-and
the abiotic and biotic frctors riggering strch migration.

PROJECI STAlf,IS: The project has just been firnded and preliminary field work will commence in Fall 1996.

FUTURE PLANS: Froject planning will occur during 1996-l9n, with field work in summer-full 1997. A
Master of Science thesis is expectcd in May 1998.

TIABITAT RESOT]RCES:

PATTERNS OF MOVEMENT AND HABITAT USE BY AMPHIBIANS
IN MAINE'S MANAGED FORESTS

Investigator:

Advisors:

Cooperators/
Project
Suppon:

P. de Maynadier

M. L. Hunter, Jr., Chairperson
W. E. Glanz
D. J. Ilarison
M. A. McCollough
R. J. O'Connor

Maine Agricultural and Forest Experiment Sation
Mclntire-Stennis
Hirundo Wildlife Refuge
University of Maine -

Association of Graduate Students
National Corrncil of the Paper Industry for Air & Sneam Quality Improvement

1) Document the amphibian community of clearcut and mature forest stands

and identify microbabiat variables of potential importance.
2) Investigate the effects of forest+learcut edges of various contnast on the

habiat use of resident and dispersing amphibian populations.
3) Determine the effects of logging roads on patterns of abundance and

Objeuives:
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movement by adjacent forest amphibian populations.
4) Conduct a comprehensive review of forestry-amphibian relationships and

fffff,t;ffit3* 
guidelines for amphibian conservation in managed

SCOPE: Forest fragmenation may threaten some native wildlife populations by eliminating blocks of once
continuous habitat or by degrading the quality of re,maining habiat for those species sensitive to an increase in
the amount of forest edge. While the process of fragmenation in forested landscapes lnay generate only
tempomry impacts at the stand scale, cumulative impacts to sensitive wildlife populations may be significant at
the landscape scale. Formerly continuous populations that become reduced in size and isolated from other
populations can become increasingly susceptible to stochastic extinction prccesses. Species characterized by
relatively limited dispersal capabilities and an association with forest interior conditions are likely o be most
affected by the disnrbance of formerly continuous forest.

Amphibials are the most abundant vertebrate class in many t€mperate forest-types and their
populations may play a critical role in forest ecosystem dynamics. However, the effects of forest
foagmentation, and of edge effects in particular, remain largely "nshrdied for this taxon. Specific aspects of
the natural history of amphibians, including their often small home ranges, relatively poor dispersal iapability,
highly permeable skin, and sensitivity to chemical, temperature, and moisnre gradients, suggest that this
taxon may be especidly reqponsive to the change in microhabiat and climate that occurs following canopy
removal. This study is designed to increase ou knowledge of the effects of clearcutting and forest road
coNtruction on paftems of movement and habiat use by Maine's amphibian commgnity.

PROJEtr STAZUS: All requirements for the Ph.D. degree (in Wildlife Ecology) were completed in August
1996. The abstract follows:

Forested landscapes dominated by logging are often characterized by an extensive network of logging
roads and hanrest+reated canopy openings. This thesis explores the effects of forest roads, clearcuts, and
their associated forest edge habiats on the local abundance and movements of northern tenperat€ forest
amphibians in order to better understand the effects of silviculnual canopy removal. In the first chapter, I
examined the effects of a wide, heavily used logging road and a narrow, less used forest track on the roadside
abundance and crossing rates of eigbt species of amphibians in Maine. Salamanders avoided roadside habitat
and crossings !o a greater extent rhan anurans with the wide logging road filtering movements more than the
nanow road. The barrier effect of the wide road also varied depending upon the specific type of lifE history
movement made (i.e., home-range, dispenal, and migration).

In Chapter Two I contrasted the forest amphibian community (14 species) sampled from clearcut
stands and paired control stands to exanine the short-term effects of even-aged man2gement. Concentrating
the sampling effort along tnrnsects bisectiag forest edges permitted analyses of species-specific respons.r to th"
spatial and temporal habitat gradient that occurs along stand boundaries of different age and mrn4gemenr
intensity. Salamanders were generally more sensitive to canopy removal than anurans, but closed- canopy
habiat generalists and specialists were identified within both groups. Degree of edge contrast between
treament and control stands affected the magnitude of edge effects for a subset of management-sensitive
species (Plethodon cirurans, Amystoma spp., and Raru sylvatica) for whom detectable edge effects penetrated
approximately 25-35 meters into forest stands abutting recent clearcuts (< 12 years old). Stnrctural
microhabiat variables identified as potentially limifag to amphibians near forest edges included canopy cover,
litter cover, and a measure of stumps, snags and their root channels.

The third chapter examined the effect of carcpy removal on dispersal movements of recently
metamorphosed pool-breeding amphibians. Artificial breeding pools were installed along the abnrpt forest
edge of a powerline right-of-way and sunounded by a 20 meter diameter continuous drift-fence. Juvenile
wood frogs selected closed-canopy habitat immsdixtely upon met morphosis, and responded positively to
understory vegetation density. Nanual populations of dispersing juvenile wood frogs and spotted s4lemandels
sampled along clearcut edges abutting mature forest stands showed similuly distinct selection for closed-
qmopy forest habiat.



Chapter four provides a synthesis of the North American literature on forestry-amphibian
relationships. Clearcut hanesting generally bas negative short-term impacts on local amphibian populations,
especially among salemanders in the frmily Plethodonridae. 6l analysis of the results of 18 snrdies which
examined the effects of clearcutting on amphibians yielded a 3.5 fold median difference in abundance of
amphibians on controls over clearcuts. However, research on the influence of forest age suggests that the
long-term effects of forest hawestiag on amphibiens are variable, and for many species these effects can be
mitigated if regeneration practices leave adequate microhabitat stnrchue intact. Other forest practices

reviewed for their effect on amphibians include planations, gescribed fire, logging roads, and streamside
harrresting. Mrnrgement recomnendations relevant to consewing upland and riparian zone amphibian habiat
during forest harvesting arq offered.

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objectives:

SEED PREDATION BY SMALL MAMMALS ON
THREE TREE SPECIES IN SOUTHERN MAINE

K. E. McCracken

M. L. Hunter, Jr., Chairperson
W. E. Glanz
D. J. Harrison
R. J. O'Connor
A. S. White

Holt Woodlands Research Foundation
University of Maine

1) Determine whether intensity of seed predation varies among habiats
(continuous forest and four types of forest gap).

2) Determine wfuisfo rnimals ale relatively more effective at removing tbree
qpecies of tree seeds (i.e., "small" rodents lmice and voles], "lalge' ents

[squirrels], or other potentid avian and memm4lian seed predaors).
3) lnvestigarc other possible correlates ofseed predation (i.e., seed size, seed

preference, time of day, lunar cycle).
4) Investigate the response of mall mnmmals (population levels, anind

condition) to temporal and spatid variation in seed frll.

SCOPE: Many species of srnall mammels in temperate forests depend on ftee seeds for a substantial portion of
their diet. Thus, temporal and spatial variation in seed fall nay profoundly affect animal condition,
reproduction, and zurvival, resulting in dramatic intra- and inter-annual fluctuations in population levels. This
study examines how temporal and spatial variation in seed ftll of three species of trees ftdmaple Q{cer
rubruln), northern rred oak (Querats rubra), and white pine (n'nzs strobus)], affect small memmel populations
in the Holt Forest, an oak-pine ecosystem in southern Maine.

PROJECT STATUS: I examined spatial and temporal patten$ of seed predation by small memmats e1
three tree species in an oak-pine forest in southern Maine. Predation rates varied with tree
species, and exposure to three zuites of seed predators (all seed predators, medium-sized
rodents, and small rodents). Acer rubrum seeds were removed more slowly than s€eds sf
either Qucrcus ntbra or Pinus strobw. I*vels of cumulative removal varied with year,
but not with microhabitat (four types of forest gap and intact forest). Field data and
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feeding trials with captive Peronryscus leucopus afr Clethriononrys gapperi suggest that
ft'zar seeds are more likely to be eaten when detected, whereas Queras:rcoms axe more
likely to be cached.

I also analyzed ten years of daa (I983-19y2) to imrestigate relationships benrreen
seed fall and population characterisacs of Perontyscus arrd Clahriorurrys. Spring
populations of Peronryscus were positively associated with magninrde of previous years'

Quercus alod, Pirus crops, whereas summer populations were correlated with Quercus crop
only. Adult male and female Peromyscus were heavier in sprirys following years of high
versus low Quercus prodtrction. This difference was gf,eater for females, perhaps because
more individuals were pregunt these years.

Spatidly, Peromyscus captures were positively associated with the number of live
Qucrctn trees > l0 cm DBH per quadrat following two yErs of high acorn production.
Group selection logging was associated with increased captures of Peromyscus pr
quadrat for two out offour years, probably due to increases in both herbaceous cover and
ftrit production of shnrbs. In summary, seed prodrction of Querau was associated with
several population characteristics of Perontysan, but not Clethriornmys. Seed production
of. Piruu ard, AcerhN little or no effect on population characteristics of either species.

The influence of lunar period, month, babitat, and microhabiat on patterns of
noctulal seed predation was also exemined. Predation rates varied with all of these
variables. However, results were not consistent among years, suggesting that (i) smatl
mammals rnay vary their foraging activity relative to the risk of predation at both large and
smdl scales, and (ii) o determine which scales are relatively more important, longer-term
studies may be needed.

FATIIRE PUINS: Graduation is anticipated in December 1996.

Investigators:

A LONG-TERM FOREST ECOSYSTEM STUDY

M. L. Hunter, Jr.
A. J. Kimball
A. S. White
J. W. Wirham
E. H. Moore

Holt Woodlands Research Foundation
Mclntire-Stennis

Cooperators/
Project
Suppon:

Objectives: l)

2)
3)

Describe the structure of the plant and animal communities in an oak-pine
forest ecosystem.
Investigate the effect of woodlot nranlgement on coqmunity structue.
Document phenologicd, interannual, ffid long-term changes in community
structure.

SCOPE: Thousands of people own woodlots, and they control a resource that is not currently being
adequately ma"aged despite a growing demand for forest products. To many landowners, perhaps most,
economic return from timber extraction is secondary to considerations such as recreation, aesthetics, and
wildlife. In the absencg sf manags6ent advice, these people often choose not to manage their land at all.
Thus, there is a great need for information on how to mrnrge small woodlots, particularly in ways that
m*inteia or enhance wildlife and similar values.
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This study is bing condrrcted for 20 years on a 120 ha, red oak-white pine woodlot in Arrowsic,
Maine, calld the Holt Forest. We have selected a 40 ha tract and divided it into forty l-ha blocts with 20 ha
serving as a control area and 20 ha as an experimental area.

Ou primary objective is to describe the stnrcture of the plant and anind community. We are
undertaking (l) a LN% invenory of trees (> 10 2 cm DBII) and intensive inventories of uee regeneration,
(all trees ate berng individually numbered and, on 12 tracts, mapped); (2) a complete description of the
vascular plant vegetation using the relw€ technique; (3) an invenory of all breeding bird territories; (4)
trarsect $weys of nonbreeding birds; (5) small mammal napping; (6) salamasler quadrat counts; (7)
observations of reproductive efforts (flowering and fruiting) for 13 herb and shrub qpecies; (8) estimates of
seed and fruit production; (9) general suweys of cano'py insect abundance; and (10) meteorological
observations. These data, largely population estimates, are integrated by uea units (usrully 0.25 ha blocks)
and analyzed to portray the forests' community structure. After five years of gathering baseline data, in 1987

we began managing the experimental area with three objectives: (1) increase wood production; (2) increase
wildlife diversity and abundance; and (3) maintaia the forest's aesthetic value. By continuing 0o monitor
populations and processes, we can attain the second objective. Over the course of 20 years, we will begln to
understand how the community changes seasonally and from yeax to year; this is the essence of the third
objective.

PROJEA STAZUS.' In 1996, tasls 1,3, 4, 5, 6,7,8, 9, and 10 as outlised above, were completed, and three
graduate snrdent projects (red oak regeneration, salamender abundance and distribution, and insects associated
with the bark of dead trees) continued their work.

FUTURE PLANS: T\e 1997 field season will replicate the 1995 field season with additional work on
salamander disuibution and abundance, snags, and forest gap dynemiss and their effects on forest understory
plants.

EFFECTS OF HEAVY METALS ON FISHES AND EAGLES
OF THE NORTHEASTERN UNITED STATES

Investigators:

Advisors:

Cooperators/
Project
Suppon:

Objecrive:

T. A. Haines
R.'W. Perry

T. A. Haines, Chairperson (for Eignor, Powell)
I. J. Fernandez
S. A. Norton
J. R. Moring

USDI National Biologicd Service -
Leetown Science Center

Analyze aspects of heavy metals in waters of northern New England and the
potential influence on fishes and bald eagles.

SCOPE: High concentrations of mercury have been found in fish and wildlife in locations remote from
industrial discharges or mercury-bearing rock. Such conditions have been documented for fish and bald eigles
in Maine. Amospheric deposition of mercury emitt€d to the atuosphere from fossil fuel combustion, refuse
incineration, or industrial processes and deposited with rain and snow is believed to be the major source of
mercury to these areas. The problen occurs prinarily in areas where waters are low in acid neutralizing
capacity. Other frctors such as acidification, construction of impoundments, and increased temperatue may
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Inincrease bioavailability of mercury. Conversely, treament of uaters with lime may reduce bioavailability.
order !o mrnrge this threat, information is needed on the source of mercury, the ftctors that control
bioavailability, and possible remedial techniques.

PROJECT STAITIS.' Project has ended. Atr M.S. thesis from M. Powell is anticipated by May 1997.

Investigator:

Advisors:

cooperators /
Projeu
Suppon:

AN ASSESSMENT OF TERRESTRIAL VERTEBRATE
DIVERSITY IN MAINE

R. B. Boone

W. B. Krohn, Chairperson
M. K. Beaxd-Tisdale
M. L. Hunter, Jr.
G. L. Jacobson, Jr.
M. A. McCollougb
R. J. O'Connor

USDI National Biological Service
University of Maine
Maine Deparment of Inland Fisheries and Wildlife
Maine Deparment of Conservation
Maine Office of Geographic Information Systems
Qhemlrion International Corporation
Bowater-Great Northern Paper, Inc.
New Bnrnswick Fish and Wildlife Branch

1) Develop deailed range naps of non-fish vertebrate species in Maine, using
literature on species-habitat relations, and expeft review.

2) Create species richness maps for various gpoups ofqpecies (e.g.,
neotropical migrant birds), and compare them to argas man ged for
natural vegeadon, o identify gaps in biodiversity protection.

3) Correlate species richness disributions with woody plant distribution,
climatic variables, and geomorphology, to cbaracterize factors determining
the distribution of Maine terrestrial vertebrates.

4) Determine the usefulness of selected ecologicd frctors to measure the
likelihood ofa species' occurrence being correctly predicted by Gap
Analysis.

Objectives:

SCOPE: Developing and implementing recovery plans for species that are threatened or endangered is
expensive, disnrptive, and may be unsuccessful. Conservation plans are best implemented when species are
conmon and with broad ranges, when more options are available fel m?nag€rS. Gap Analysis is a tool that
identifies, on a regional scde, areas of high species richness and relates these locations to arcas ahea.dy
managed for nahual vegetation. Mrn gers can use the results of the Maine Gap Analysis in regional land
man4gement decisions, specifically o provide adeqnate habiat to mainain species populations.

In additional resealch, I wish to determine why groups of species in Maine are distributed unevenly.
I will compare species richness maps with woody plant species richness, climatic variables, and
geomorphology, to prioritize the importance of variables in determining vertebrate species richness. I will
relate my findings to: 1) the utility of plant diversity in predicting verrebrate divenity; 2) theoretical
predictions of the relationship of amphibians, reptiles, birds, and m4rnmals to landscape variables; and 3)
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potential effects of global climate change on vegetation in conservation lands.

PROJECT STAZI/S: Draft species synopses have been completed for all inland terrestrid vertebrates. We met
with experts in the region, and reviewed portions of the synopses. Comments regarding the synopses were
favorable. We have provided copies of the synopses to inrcrested commercial forestland owners, and have
assisted them in applyiqg Gap Analysis methods o their lands. Ultimately, the species synorpsis volumes will
be published, perhaps accompanied by a computer cCInpactdisk ssntaining species-habiat relations and
distribution maps.

Development of a 1:100,000 scale conservation land ownership GIS database is nearing completion.
In cooperation with Richard Kelly of the Sate Planning Of6ce, and with the strpport of several intenested
paaies (e.g., Maine Deparment of Intand Fisheries ad Wildlife, U.S. Fish and Wildlife Sewice), the Unit is
digiti"ing maps of lands owned by federal, state, and non-profit organizations.

I have completed analyses that tested the avian ranges I bad defined in the synopses, rrsing the
Breeding Bird Survey for comparison. Species that I had judged a prioi to be represented well in the survey
had a median disagreement of 8%. I dso quantified the error introduced into ranges by mapping using
different tessellations. For example, mapping ranges with torvnships introduced 1.5% enor and using Maine
counties introduced an enor of 20%.

Bird species that breed yithin the state (n=182) bave been ranked as !o how lilaty they are to be
observed in future surveys. These rankiags were tested using Crap Analyses from areas with habiat naps or
babiatdescriptions. Ranlcings tested well, with species with high ranks more lilcely to be correctly predicted.
Researchers may use ranks derived for their region to provide more informative r€ports of the accuracy of
their modeling efforts.

For ricbness maps for amphibians, reptiles, birds, mrmmals, and all vertebrates, I partitioned the
variation they conained into four components: environmenal, q)atial, a environmental-qpatid interaction, and

rmexplained. I used multiple regression and regression trees to correlate geomorphologic, climatic, and floral
characteristics to richness. Reptiles were most closely correlated with enviromental variables, followed by
memmefs, amphibians, and then birds. In general, 79% of the variation in totd species richms was
explained by environmenal variables with multiple regression, 91% using regression rees.

FWURE PLANS: In the upcoming year we anticipate that Maine Gap Analysis will be completed. A draft of
my thesis will be complete in late Ocober, with graduation in December 1996 anticipated. Throughout this
and the following year, Dr. Krohn, working with a research associate and other cooperators, will: 1) complete
the habiat map,2) incorporate new species-habiat information into models aad predict the occunence of each
terrestrid vertebrate species in the state, 3) complete the ownership map, and 4) prepare x finel report on
Maine Gap Analysis.

DEVELOPMENT AND TESTING A VEGETATION COVER MAP FOR MAINE

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Z. Yin

S. A. Sader

W. B. Krohn

USDI National Biological Service
Maine Cooperative Fish and Wildlife Research Unit
University of Maine -

Deparment of Forest Management
Maine Image Analysis laboratory
Deparment of Wildlife Ecology
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Objeaives: 1) Use aerial videography as ground truth in classification and testing.
2) Classify satellite images and create a vegetation cover rnap of Maine at a

100,000 scale.

3) Evaluate the map accuracy and make it at least 80% accuracy for major
oover type.

4> Prepare fiml report ald publications.

SCOPE: As biodiversity is decreasing and many wildlife species and their habitats are becoming threatened,
. we need more comprehensive information for conservation efforts. A -ajor requirement for conservation is a
reliable sabwide vegetation cover Inap to provide a base for predicting distribution of wildlife species.
Ground investigation is time corurming, expensive and inefficient for large area surveys. Satellite i-ages
have advanages for satewide land cover mapping. This research utilizes aerial videography and satellite
imege processing to map land cover types for Maine.

PROJEC| STAIUS; kndsat-Thematic Mapper (TM) imagery recorded in summer l99l and frll 1993 were
acquired from a variety of goverment agencies and private sources. Portions of eight TM scenes at each date
were required to cover the entire Sate of Maine (16 scenes total). All scenes have been geometrically
corrected and co-registered. Clouds, shadows, water and urban areas were stratified from these scenes to be
processed separat€ly. I:nd cover classification methods were tested on a selected study arca to determine
appropriate methods to be conducted on the satewide basis. Aerid videography transects covering ?100 km
were collected in summer and fall 1994. Systematic samples at one minute intewals along each flight line are
being'photo" interpreted to identify land cover types. The samples will be stratified for compurer
classification training and testing. Classification of the first scene in northern Maine has been initiated.

FUTURE PLANS: The research associate position has been vacant since mid-summer L996, slowing progress
on the work. Recnriting for the RA position will be conducted in fall 1996. Classifications will be performed
on each scene starting from north to south. Cloud, cloud shadows, and water are being stratified and
processed separately from the non-cloud affected terrestrid data. The strata will be merged after
classification. Rule-based strategies using existing GIS coverages (urban area boundary, wetland, ownership,
opography) will be developed to mitigate some of the spectral confirsion that causes misclassification between
two or more land cover tn)es. Classification accuracies will be tested using random samples of video
interpreted land cover types.

AN ANALYSIS OF BIODIVERSITY ALONG THE MAINE COAST:
INSULAR HABITATS AND VERTEBRATE DIVERSITY

Invesrtgator: C. M. Johnson

Adisors: W. B. Krohn, Chairperson
R. L. Dressler
J. R. Gilbert
W. E. Glanz
A. E. Hurchinson
J. R. Moring

Cooperators/ USDI National Biological Service
Projea U.S. Fish & Wildlife Service
Support Univenity of Maine -

Deparment of Wildlife Ecology
Maine Deparment of Inland Fisheries and Wildlife
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Maine Office of Geographic Information Systems
Mairc Creologic Survey

1) Develop a daabase detailing historical surveys of Maine's seabird oesting
islands, and measure curent use ofselected islands by three species of
hseding seabirds.

2) Compare current use and nest density data for seabirds with historical
patterns of island use to assess the temporal sability of breeding sites.

3) Evaluate habiat and social frctors affecting the distribution of breeding
seabirds in Meine and develop habitat models.

4) Create species richness maps for vertebrates breeding and wintering along
the mid-Maine coast, and compare their location to conservation lands to
identify gaps in biodivenity protection.

SCOPE: A Gap Analysis is currently underway for the Sate of Maine, identifying areas of high vertebrate
qpecies richness and gaps in the protection of such areas. However, the vast majority of islands along the

Maine coast hll well below the minimum mapping rmit size used for this terrestrial satewide analysis. As
part of this study, I will be assessing vertebrate species ricbness along the mid-Maine coast; base mapping for
this larger-scale coasal analysis will ioclude both aquatic and terrestrial habitat types. This qpatid database

will be used in combination with other biotic and abiotic variables, to formulate eoasal species-habitat

models. These models will be used to predict seasoqal Oreeding and wintering) distributions of vertebrate
species along the Maine coast.

Beyond determining patterns of species richness, I will be glaminiag the temporal stability of insular
habitat use in this dynamic enviroment. I will assess annual (1993-97) variability in island use by cormoriuts
and gulls in the Penobscot Bay area. Iong-term temporal patten$ of habitat use also will be exemined for
selecrcd seabird qrcies, using survey daa collected periodically over the past 80 years. Spatial patterns of
seabird island use will be examined in relation to a variety of physicd and biologicd habitat frctors.

PROJECT STATTIS: Datacollection for the coasal Crap Analysis portion of this study is complete, with the
exception of a finalized habitat map. A preliminary vegetation/substrate map has been developed for the
Penobscot Bay area and is currently being tested for accuracy; a finalized map for this area is expected in the
near funue.

Aerial phoos of more than 100 islands in Penobscot Bay known to have $ryported breeding
populations of cormorants, black-backed grrlls or herring gulls were taken periodically during the breeding
sErsons of 1994-96. I have finished photo nest counts for these islands and have begun analysis of annual
peak counts. This daa is being used, in coqiunction with the historical seabird database, !o assess long term
temporal pattems of habiat use, and to dwelop habitat models for selected species.

FaTURE PLtl,NS: Over the coming months, I will be complenng rn4lyses of the seabird daa I have gathered,

creati4g babitat models, and assessing the long-term value of particular islands, or groups of islands for
breeding seabirds. I also will be writing my thesis over the next year.

TOXTCOLOGTCAL AND ECOLOGTCAL EFFECTS OF MOSQUTTO CONTROL
METHODS AT BOMBAY HOOK NATIONAL WILDLIFE REFUGE. DELAWARE

Investigators:

Advisors:

D. M. Eignor
T. A. Haines

T. A. Haines, Chairperson (for Eignor)
R. J. Van Benneden
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Cooperators/
Project
Suppon

Objective:

J. H. Dearborn
J. R. Moring

U.S. Fish and Wildlife Service
USDI National Biological Service -

Panxent Environmental Science Center
I*etown Science Center

Determine the effects of pesticides used for mosquito control on non-target
organi$ns in salt marsh habitat at Bombay Hook National Wildlife Refuge.

SCOPE: For many years, Bombay Hook National Wildlife Refuge hrs been sprayed with a variety of
pesticides to redrrce mosquito breediag. Aerial sprayiag is initiated on short notice, based on field counts in
breeding areas. The pdmary larvicide is the organophosphate temqhos (Abate). The bacterial toxin, Bacillus
tlwringiauis, and the growth hormone methoprene (Altoside), have been used to a much lesser extent. The
prinary adulticides are the organophosphate naled @ibrom), and Scourge (the synthetic pyrethroid remethrin
plus piperonyl butoxide). With the exception of several caged fish and sbrinp nials performed about 20 miles
south of Bombay Hook, no recent field tests have been conducted to examine possible non-taxget impacts of
mosquio control spraying at the Refuge.

PROJECT STAZUS; Project has been terminated and sediment samples have been rpfiuned to U.S. Fish and
Wildlife Sewice for analysis by their personnel.

FACTORS AFFECTING FOOD CHAIN TRANSFER OF MERCURY IN THE
VICINITY OF THE NYANZA SITE, SUDBURY RIVER, MASSACHUSETTS

Investigators: T. A. Haines
R. W. Perry
M.'W. Powell
R. T. Finlayson

T. A. Haines Chairperson (for Powell)
L. E. Yxatz

J. R. Moring
S. A. Norton

LJ.S. Fish and Wildlife Service, Region 5

U.S. Environmental Protection Agency, Region I
USDI National Biological Service -

ketown Science Center

Determine total and methyl mercury conceruradons in water, sediment,

Advisors:

invertebrates, and fish in reference and coataminated sites in the Sudbury River in
order to determine the importance of sediment reservoirs of mercury in the
continuing contamination of fish and wildlife rcsources in the river.

SCOPE: The Nyanza site on the Sudbury River was used by several companies involved in the manufacturing
of textile dyes and dye intermediates during the period from 1917 to 1978. As a result, large quantities of
chemical w:rstes were disposed of on-site, or discharged into surfrce waters draining into the Sudbury River.
The contaminants of concern include mercury plus other metals. Previous studies have documented exlensive

Cooperators/
Project
Suppon:

Objectives:
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mercury contamiution of sediments and bioa in the Sudbury River downstrean of the site, but zufficient
information is not available to make a risk-based cleanup decision for the contaminated river reaches. This
study addressed some of the daa needs required for the cleanup decisions.

PROJECT STAZU.9: All field sanples have been collected. All samples for total mercury have been digested
and analyzed. Approximately 75% of the samples for methyl mercury have been digested and enalyzed. All
samples are anticipated to be completely anqlyzed, by January 1997. A computer model has been developed
and tested, and is now being polished by addition ofuser-friendly features to enable use by non-technical
personnel.

FATURE PUNS: One M.S. thesis is anticipated in May 1997 aad a seeond in August 199.

WILDLIFE COMMUNITIES OF VERNAL POOLS IN SOUTHERN MAINE

Investigator:

Advisors:

Cooperators/
Project
Support:

A. M. Perillo

M. L. Hunter, Jr.
M. A. McCollough
K. E. Gibbs
S. C. Gawler

Maine Deparment of Intand Fisheries and Wildlife
University of Maine -

Deparment of Wildlife Ecology
fJ.S. Fish and Wildlife Service
U.S. Forest Service
LJ. S. Environmental Protection Agency

1) Describe the biotic community of vernal pools in southern Maine,
including reptile, amphibian, macroinvertebnrc, and plant species;

2) Charactewle the physical, chemical, and biologicd parameters that
contribute to the value of these pools for wildlife; and

3) Develop guldelines for predicting wildlife values of vernal pools in
southern Maine.

Objeuives:

SCOPE: Wetlands are well-recognized as highly productive communities, and in Maine are used by a
disproportionate number of sate-listed rare, threatened and endangered species. Currently, Maine laws
generally protect only wetlands greater than 10 acres. Small wetlands in southern Maine are in immediate
peril, due prinarily to residential development causing habitat degradation and loss. Recent studies have
demonstrated that several populations ofthe state-threatened qpotted and Blanding's turtles are centered in
wetland complexes in southern Maine dominated by vernal pools. Vernal pools are also extremely important
breeding habitat for m4ny amphibian species, serving as centers for mating, egg deposit, embryonic
development, lawd development, and metamorphosis. Many amphibian species rehrn to their natal pools to
breed. Therefore, local populations of sate-threatened turtles and many amphibian species could be severely
limited or extirpated by loss of vernal pools. The informadon collected in this study will provide a basis for
consideration of additional protection initiatives for smell lryegands in Maine.

PROJECT STAZUS: Forty-five vernal pools were selected for snrdy in York County, Maine. Field workryas
completed during April-September 1994 and 1995. Data collection included counting amphibian egg messes,
trapping larval amphibians and aquatic invertebrates, surveying to determine the presence and abundance of
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reptiles, amphibians and other vertebrate qpecies using the pools, and condrcting aural surveys of breeding
frogs and toads using the pools. Other dara collected included water temperaffe, depth, pH, and
conductivity, pool shrinkage and hydroperiod, pool flora, vegetation q(re, stnrcftre and percent cover for all
vegetation growing within or overtanging pools, aud average tree height and forest type of area srrounding
pools.

FATURE PI'ANS: Currently invertebrate umples are being sorted for identification to frmily or general
levels. After completion of invertebrate identification, all data will be analped and final thesis prepared.
Data analysis continues.

REPRODUCTION OF AMPHIBIANS IN ANTHROPOGENIC AND
NATURAL TEMPORARY POOLS IN INDUSTRIAL FORESTS

Investigator:

Advisors:

Cooperators/
Project
Suppon

D. DiMauro

M. L. Hunter, Jr., Chairperson
W. E. Glanz
M. A. McCullough

University of Maine -
Deparment of Wildlife Ecology

Mclntire-Stennis
Penobscot Valley Conservation Association
Maine Association of Wetlands Scientists
James River Timber Corporation

1) Evduate the reproductive success of amphibians breeding in natural and
anthropogenic temporary pools in industrial forest.

2) Evaluate the landscape-scale use of temporary pools by breeding

Objectives:

amphibians in industrial forest.
3) Characterize the features of temporary pools which best predict use by

breeding success.

SCOPE: Temporary pools are unique habitats filled by meltwater, rain, or runoff, and characterized by
annual drying and the lack of permanent inlets or outlets. Because of ttreir ephemeral nature, temporary pools
are unsuiable habitats for fish, and thus are particularly hospiable for amphibian species with vulnerable
lawae incapable of withsunding intense predation pressure. In the Northeast, species zuch as the wood frog
(Ruu syhntica), spotted salamaoder (Anbystona maculatum), and blue-spotted salamander (A. taterak), iely
heavily on productive, fishless water bodies for reproduction.

Several amphibian species deposit eggs in pools which form in roadside dirches and machinery ruts in
industrial forests, but no studies have quantified the reproductive success ofanimals breeding in anthropogenic
pools of this type. The availability of zuch pools may or may not benefit amphibian populations. Successful
reprodwtion in additional pools could mitigate the loss of breeding habiats demaged in the course of
harvesting operations or road construction, but unsuccessful reproduction might suggest that anthropogenic
pools function as ecological traps. To better understani these interactions, I am studying populations of
amphibians breeding in temporary pools located in industriat forests. This study focuses on the relationships
between amphibian reproduction and a set of environmental factors which may differ between anthropogenic
and nanrral pools.
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PROJECI STAITIS; In the 1996 field season I identified utO temporary pools conaining amphibian egg-
nrasses. I counted the wood frog and qpotted salamander egg{usses in each pool, and measued the
dinensions of egg urasses in several pools. I dso monitored pool depth, periodically measured tadpoles, and
recorded dates on which pools dded. I trapped, counted, and weighed emerging, recently-metamorphosed
wood frogs and spotted salamanders at several pools.

FUTURE PUINS: Althoug[ I have already identified several natural (control) pools for study, this fall I am
attempting to locate additional natrual pools to improve my sample size. I will begin prelininary daa analysis
this winter. Next year I plan to closely monitor the darcs of egg deposition and numben of egg nasses in each
pool, and will again measure tadpole growth, patterns ofjuvenile energerpe, and pool depth. I will also
survey transects to determine the density of pools in the landscape, and will collect microhabiat daa for snrdy
pools. I will conduct final daa analysis after the 1997 field season.

souRcES, FATE, AND EFFECTS OF MERCURY IN AQUATIC SYSTEMS
AT ACADIA NATIONAL PARK, MAINE,

AND CAPE COD NATIONAL SEASHORE. MASSACHUSETTS

Investigators:

Advisors:

Cooperators/

Objeuives:

Project
Suppon:

J. R. Burgess
H. M. Webber

T. A. Haines
J. H. Dearborn
J. R. Moring
W. E. Glanz
R. J. Van Beneden

USDI National Biologicd Services -
I"eeoown Science Center

National Park Service

1) Characterize the extent of mercury contamination in fish and piscivorou
wildlife species in Acadia National Park (ANP) and Cape Cod National
Seashore (CCNS), and assess the environmenal frctors controlling mercury
bioavailability to aquatic organisms.

2) Demonstrate food chain transfer of mercury, and determine geochemical
and biological factors tbat regulate bioavailabitty of mercury in order to
predict fish and species at risk from mercury contamination.

3) Determire historical trends in mercury deposition to aquatic environments
at ANP ald CCNS.

4) Develop a precipitation chemistry monitoring prognm at ANP ro assess

long-term changes in mercury deposition.

SCOPE: High concentrations of mercury have been found iu fish and wildlife in areas that are remote from
industrial pollution. Thousands of lakes have health advisories against human consunption of fish because of
the threat of mercury poisoning, and these levels are an even greater threat to wildlife. Previous research
identified high levels of mercury in fish from northern Maine lakes. Bald eagle nestlings in the same area
conain very high levels of mercury in feathers, up to 33 ppm. Analysis of the distribution of lakes in Maine
containing fish with high levels of mercury indicates that geologicd or industrial point sources are not the
likely sources of mercury contamination. Deposition from the amosphere has been implicated as a major
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souce of mercury in lakes. There is considerable evidence tbat pre-indusrial amospheric deposition of
mercury was subsantially lower (by a hctor of three or more) ihen present deposition. Coal-fued electric
power plants and municipal solid waste incinerators axe reported to be the two most imporant anthropogenic
souces for airborne mercury. The Clean Air Act Amendments of 1990 Title III classified mercury as a
hazardous air pollutant, and provides for the regulation of industrial mercury emissions if damage to natural
resources from amoqpheric emissions can be demonstrat€d. The mercury content of rain and snow in Maine
ranges 5-16 ng/L, which is similar to that in other regions where fish are conuuninat€d with mercury.
Although the environmenal hctors that conrol bioavailability of mercury to fish are poorly understood at
present, fish mercury content seems to be highest in lakes that are softrvater (low in dissolved ions and in acid-
neutralizing capacity) and slightly acidic (pH<7) - conditions that ane coInmon in ANP and CCNS lakes.

PROJECT STAIUS: Fish were collected from 5 lakes in CCNS and 10 itr ANP and analyzed for mercury in
whole-body and edible tissue. Two lakes in ANP were selected for intensive study and samples of fish, fish
prey, sediment, and water were collected and analyzed for mercury. Sediment cores from tno lakes and one
ombrotrophic bog at ANP were dated and aue.lyzed, for historical trends in mercury deposition. A
precipiation chemistry station affiliated with the Mercury Deposition Nenvork was insalled in ANP and has
been operating since Ocober 1995.

FATURE PLI{NS: Analysis of samples collected during the field se:tson will continue. An M.S. thesis is
anticipated in May 1997 afra second in August 1997.

THE EFFECTS OF AGRICULTURE ON WILDLIFE:
A STUDY OF NON-USE VALUES

Investigators: K. Boyle
R. J. O'Connor
R. Bishop
M. Welsh

USDA Economic Research ServiceCooperators/
Project
Suppon:

Objectives: 1) Estimate the vdues of selected wildlife closely associated with agriculture.
Emphasis will be on non-use, rather than use, values, with the Farm
Conservation Receive Program receiving special attention because of its
immediate policy implications.

2) Eliminate biases in the valuation process.

SCOPE: The Farm Consen'ration Reserve Program (CRP) is a long-term (ten years, and probably to be
renewed) Federal program to retire highly erodible farmland from cultivation. The program costs are known,
as are some of the consequences, largely beneficial, for wildlife. This project seeks to develop methods of
assigning valuation to these wildlife benefits, so :rs 0o properly value the full costs and benefits to society of
this program.

Initial analysis of the Birds and Agriculnue daabase in the Deparmeff was used to document the
areas of and trends in bird species changes with respect to the CRP. This information was used to design a set
of sunrey questions describing scenarios of CRP change and their wildlife consequences and asking
respondents to describe how tley value these changes. Following testing in a series of focal groups, the
$rrvey was administered to natural and regional demographicdly+onuolled samples totalling ca. 3,000
people.



2r

PROJECT STATUS: Project completion is scheduled for December 1997.

Investigator:

Advisors:

THREATS TO BIODIVERSITY

J. G. Bartlett

R. J. O'Connor, Chairman
D. M. Mageean
M. K. Beard-Tisdale
M. L. Hunter, Jr.
G. L. Jacobson

U.S. Environmental Protection AgencyCooperators/
Project
Suppon:

Objectives: 1) Compile selected daabases of information about anthropogenic stressors of
biodiversity.

2) Develop methods of quantifying the impacts of stressors on biodiversity.

SCOPE: Many anthropogenic factors impact biodiversity, but their effects have rarely been quantified.
Recent work by O'Connor ani his students has developed methods of using remotely sensed land use and
pattem daa in conjunction with climate data to quantify their effects on avian species divenity within the
coterminous U.S. The pr€sent project is a collaboration with researchers at the University of California at
Sana Barbara to compile antbrcpogenic stressor daa for use with these mehods.

A review of ptentid sources of data as to stressor effecg has been completed and the daa available
classified into three groups, namely those that defrnitely'deserve incorporation into the analysis, those that
might possibly be cost+ffective to use, and those that either because of daa qulity or because of cost cannot
be so incorporarcd. The datasets 0o be analyzed are ultimately needed in terms of the spatial units provided by
USEPA's Enviromenal Monitoring and Assesment Program (EMAP), namely a grid of 12,500 hexagons'
spread across the 48 states, with each hexagon approximately @ kilometers in area. Methods for translating
data from other spatid units to this grid have been developed. Several of the daabases alrcady available in the
Deparment ftom other projects have been converted to this grid. Subsantial effort has been invested, in
collaboration with Professor Deirdre Mageean of the Margaret Chase Smith Center for Public Policy at the
University, in incorporating data from the Bureau of the Cennrs into the analysis. These datasets provide
much information on the distribution of humans and their activities across the Unitd Sates and thus provide a
soruce of information as to the intensity of anthropogenic ftctors. Eight datadets available in the Bureau of the
Census were extracted to provide information on porpulation density, population change, income, building, and
information as to farming and urban sanrs. These data have been extensively investigated using classification
and regression tree (CARI) methods. These analyses were primarily conducted to study the extent to which
the different datasets were cross-correlated, but much useful information has been obained and has been
presented in a series of seminars and conference papers. The most striking outcome was the development of a
method of segregating the incidence of population growth associated with new consbr,rction of housing and
other buildings from the background/pattern of change associated with existing human settlement. Analysis of
these results in relation to the climatic and land use daa available from the satellite imagery showed that this
expansive po'pulation growth is selectively located in fragile ecosysterns, such as the banier islands, coastal
sand dunes and desert edges. This pattern hes not been previously reported.

In addition to this work several agu,, amlytical approaches have been devised for handling the
complexity of data involved in this project. The ap'plicability of these methods is currently being investigated.
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PROJECT STATUS: Completion is scheduled for December 1997.

SPATIAL PATTERNING OF WATERSHEDS AND THE DEVELOPMENT OF
AVIAN BIOINDICATORS OF LAKE QUALITY

Investigator: A. P. Allen

Advisors: R. J. O'Connor. Chairman

Cooperaors/ U.S. Environmental Protection Agency
Projea University of Maine -
Suppon: Deparment of Wildlife Ecology

Obieaives: 1) Refine and evaluate candidate avian indicators of the environmental quality
of northeastern lakes.

2) Determine the role of spatid patterning of land use as a stressor of lake
quality.

SCOPE: Earlier research developed preliminary indicators of lake quality in the northeastern U.S. based on
the proportional representation of different guilds of bird species qrithin the lake bird community. These
indicaton were shown to be correlated with lake chemistry and with road density in the surrounding
watershed.

A variety of satistical analyses have been conducted to investigate the determinants of these
ecological indicators. Several models of individual components of indicators (such as the proportion of the
bird community comprised by particular guilds) have been developed, with considerable success. The
pnedictive error of these models mnges from I w 22 prcent In addition to this high predictive power, these
models allow incorporation of known anthrorpogenic frctors: for exanple, if a town is akeady present on a
lake shore, or if the lake is already being menaged as a fishery, then one would not expect the lake to have the
same indicator values as a pristine lake, but this deparnre from pristine conditions should not be regarded as a
mEuure of environmental pollution. Instead, it constitutes the outcome of a decision as to the management of
that lake, and the effects of this man4gernent need to be recognizable as due to that mrnrgement decision and
not to rn nticipated pollution. The new models, hierarchicd in strucnre as a result of analysis by
classification and regression tree methods, permit one to recognize and quatrtify such influences. Residuals
about the predictions of these models then constitute indicaors of environmental pollution.

Substantid effon has been devoted to recognizing the effects of regional frctors and of local factors in
understanding the indicator values for lakes. Given the large biogeographic variation that prevails across the
northeastern states, one needs to allow for these effects: the bird community of the Maine north woods is quite
different from that of New Jer-sey, and this needs to be taken into account. Trend surface models based on the
use ofBreeding Bird Survey data and ofthe daa gathered in our own surveys ofthese lakes have been
compared and shown to yield similar results. Deviations about these trend surfaces can then be used to
distinguish local factors at these lakes from the more regional effects. The problem of recognizing interactions
between regional and local effects needs further study.

PROJECT STAZUS; Completion is scheduled for December L996.

MULTI-TAXON INDICATORS OF LAKE QUALITY

Investigators.' R. J. O'Connor



Cooperators/
Project
Suppon:

Objective:
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T. E. Wdls

U.S. National Biological Servicei
U.S. Enviromenal Protection Agency -

Environmental Iaboratory, Corvallis, OR

1) Assess the extent to which a variety of axonomic groups respond similarly
or difbrentially 0o environnental stress.

2) Evaluate the utility of fitzzy logic as a technique for assessing
environmenal indicaror information.

SCOPE: The Environmenal Monioring and Assessment Progrzm (EMAP) of the U.S. Environmental
Protection Agency seeks to develop a variety of indicators for different types of resources in the country.
Much of the research to date has been focused on determining the effectiveness of methodology with specific
indicators, whose taxonomic identity varies from resouce to resource. Little resqrrch has been devoted to the
problem of integratiqg the information from a spectrum of indicators for a particular resource. In the case of
EMAP Surface Waters, indicator information has been collected on the same lakes in the eight northeastern
states for birds, fish, zooplanlton, dialoms, and benthos. The present project seeks to better develop means of
integrating the information in these indicaors.

The information contained in a suite of indicators could be toally redundant, with all indicators
providing the same information, or could be completely independent with different indicators responding o
different facets of the enviromenal stress present on the lakes. The present project examines the possibility
of distinguishing the extent to which these two exhemes are present in the rhta, both identifying the extent !o
which a cornmon signal is present in the suite of indicaton and help determine the extent to which differential
information is being provided by particular groups. This will help determine the exrent to which information
is redundant, thus reducing the cost of collecting information on these indicators, and the extent to which
panicular indicators provide unique insights into environnental stress.

PROJECT STATUS: The initial methods being used consist of multivariate analysis of the data. An initial set
of 19 pilot lakes gathered ouside the sandard EMAP sample grid have been used to resolve methodological
issues and to clarify concepts. These results suggest that about one-third ofthe variation indicators is in
corlmon, with subsantid additional information coming from different combinations of the remaining taxa.
Thus, birds and benthos, for example, seem !o serve as generalized indicators of stress, while cerain fish
metrics convey information about specific qpes of stress. This initial pilot investigation has been completed.
The next phase will consist in exploring the complete EMAP Surface Waters dataset for the northeastern lakes,
developing this work in conjunction with the principal investigators who bave headed up the various projects
focused on particular taxonomic groups. This large-scale investigation will then show the extenr to which the
methods developed in the pilot are effective and will document the extent to which the different types of
stressors are actually manifest in the Northeast.

One of the staldard problems with ecological indicators is that while the measuremenrs taken, e.g.,
counts of fish, are often exact, their relationship to the underlying concept of interest, e.g., the presence of a
particular stressor, is often less well defined. There is thus a high measurement error as to the relevant
stressor. One way of analyzing this is to use the emerging techniques of fiizzy logic, a set of techniques from
artificial intelligence tbat is designed to allow systematic analysis from illdefined information. In parallel
with the full multivariate an4lysis, this project is exploring the utility of the fizzy logic approach.

FWURE PUINS: This work is being conducted as an M.S. thesis project and is scheduled to be completed by
September 1997.
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WILDLIFE RESOT]RCES - MIGRATORY BIRDS:

ECOLOGY OF THE DOUBLE.CRESTED CORMORANT IN THE LOWER
PENOBSCOT RMR: EMPHASIS ON SMOLT PREDATION

B. F. Blaclwell

W. B. Krohn, Chairperson
J. R. Gilbert
J. R. Moring
W. E. Glanz
F. A. Sewello

U.S. Fish and Wildlife Service - WO, Federal Aid
USDI National Biotogical Service
Maile Deparment of Inland Fisheries and Wildlife
Maine Atlantic Salmon Authority '

1) Monitor cormorants at roosting and foraging areas, determine time of roost
de'parrure and return, and locate foraging locations relative to molt
migration.

2) auntify seasonal variation in cormorant food habis during spring and
sunmer.

3) Estimate the number of cormorant days of predation during the spring
migration of Atlantic salmon molts through the Penobscot River.

4) Estimate the number of Atlantic salmon smolts eaten by cormorants in the
Penobscot River ecosystem.

SCOPE: Populations of double+rested cormorants (Plnlacrocorax auius) increased in size and distribution
dudng the past 30 years across the United States and southern Canada, most likely reqponding to protection
afforded by amendments to the Migratory Bird Treaty Act and redrrction in DDT contamination. With this
increase has come the perception of cormorants competi4g with humans for fish. Potential loss of commercial
and sport fisheries !o connorants is a growing concern in Maine, paaicularly given the multi-million dollar
efforts by federal, stale, and privare organizations to restore the Atlantic salmon (Salna salar).

Measures to control double+rested cormorants have been implemented in Maine. However, control
programs can prove to be counterproductive by increasing the proportion of young birds attaining breeding
satus, and possible shiftiag of breeders to other areas. Further, control progftuns implemented without
accurate prediction or quantification of the effects of predation on individual prey species ciunot be justified.

The most accurate means of estimating the biomass of prey re,moved from a system by cormorants is
direct sampling of food habits via collection of stomach samples. By comparison of food habits daa relative
to time ald feeding location with estimates of cormorant days of predation, quantities of prey species
consumed can be estimated.

PROJECT STATUS.' All requirements for a Ph.D. (in Wildlife Ecology) were completed in May 1996. The
abstract of the dissertation follows:

During 1992-94,I examined tempord and spatial variation in habitat and prey use by double-crested
cormorants (Plnlncrocorax auius) over 288 lm of the Penobscot River, Maine. In 1993, I also examined
foods of nestling double+rested cormorants on 10 island colonies located in Penobscot Bay, Maine, a 35 x 60
km estuarine/marine ecosystem. My objectives relative to the Penobscot River were to examias variation in
habiat use, quantify seasonal and spatial variation in cormorant foods during spring, estimate the number of
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cormorant daysof-predation, ad estimate the number of molts eaten by cormorants. With regard to nestling
connorants my objectives were to compare, temporally and qpatially, the diet of nestling cormorants in
Penobscot Bay, determine the extent to which Atlantic salmon molts contribute to the nestling diet, and
compare my findings to hisoric daa. To obain diet information from birds using the Penobscot River, 190
cormoxants were collected and somach contents en4lyzed, I used aerial and ground surveys to estimate
foraging disribution and cormorant numbers. Nestling foods were recovered from 743 regurgiant samples.

In all years ground and aerial surveys of the Penobscot River were significantly @earson correlation
coefficient, P < 0.01) correlated, zuggesting that the same birds were counted on both surveys. Cormorants
were first seen on the Percbscot River between 15 and 20 April, I9y2-94. Total roost counts peaked on 4
May L9V) (969 birds), 10 May 1993 (532 birds), and 3 May 1994 Q92 birds). Birds with immanue plunate
characteristics were not obsewed until the fint week of May lg92-94.

Cormorants consistently selected @onfenoni frmily confidence coefficients, P < 0.05) against use of
two large tributaries and the extreme northern sections 9f 1fos mainstem of the Penobscot River. From late
April through early June of all years, birds selected (P < 0.05) for use 6f meiaslem dams and the esnrarine
portion of the river. Cormorant use of dams remained at or above expected levels until the second week in
June in all years.

Cormorants foraging above the head of tide consumed 11 qpecies (including freshwater, anadromous,
and catadromous types), whereas birds foragi4g below the head of tide consumed 27 freshwater species and
seasonally available estuaf,ine, marine benthic, maxine invertebrate, and pelagic taxa. Salmon smolts were not
recovered from stomachs collected in April, rare during the first week of June, and absent thereafter. ln
contrast, smolts were among the five highest ranking Uey taxa across all three river sections throughout May.
Assuming that all solts recovered from cormorants were hatchery-reared, cormorants consumed on aver 7.3
+ L.2% (range = 6.4 + I.2% ta 8.6 + L.0%\ of the toal number of smolts stocked per yeax.

In nestli4g diets, five benthic axa, sculpins (Cottidae), sand shrinp (Crangon septemspinosa),
wrymouth (Cryptaclnnthodes nwculaas), rock grrnnel (Pholis gttwtclhts), rnd gunner (Tautogotabrus
adspersus) were consistently anong the highest ranking prey talm in temporal and spatial comparisons. Only
one Atlantic salmon smolt was recovered from743 regurgiant samples. Furthet, in contrast to historic data,
groundfish species were negligible componens of the nestling diet. The weak contribution of groundfish
species to the current nestling diet in s;upportive of concerns regarding declines in grormdfish populations in
the Gulf of Maine and shifts in community structure touards small, noncommercial, benthic species.

MACROINVERTEBRATES IN BROOD-REARING WETLANDS OF WATERFOWL
(ANATIDS) IN FORESTED AND AGRICULTURAL

LANDSCAPES IN NORTHERN MAINE

Investigator:

Advisors:

Cooperators/
Projeu
Suppon:

Objectives:

L. J. Boobar

K. E. Gibbs (Advisor)
J. R. lnngcore (Field Advisor)
R. B. Davis
'W. A. Hdteman
R. B. Owen, Jr.

U.S. Fish and Wildlife Service
University of Maine

1) Determine if macroinvertebrate diversity is different ?mong
waterfowl brood-rearing wetlands in two landscapes (forested and
agriculturd) in northern Maine.
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Relate invertebrate diversity and productivity to wetland water
chemistry, periphyton production, vegetation stnrcture, and wetland
morphology.
Evduate the suitability of incorporating these data in a Geographic
Information System.

SCOPE: Druing the field seasons of 1993-1996 selected wetlands in each landscape will be sampled for
macroinvertebrates using several techniques (cylinder sampler, activity traps, sweep nets). Data on
invertebrates will be related o wetland feahres, includi4g water chemistry and cblorophyll-a. Hypotheses of
differences in variables benveen forested and agriailtual landscapes will be tested.

PROJECI STAftlS; (Activities for the period October l, 1995 o September 30, 1996). We compleled
entering taxa and enviromenal data into a dBase file for the 1,472 sanples collected during 1993-1995. Daa
verification was completed and data analysis is rmderway. Voucher specimens were placed in the local NBS
macroinvertebrate reference collection nainained for research purposes and in the University of Maine Insect
Collection, which was upgraded somewhat. Three publications associated with the dissertation have been
prepared. One of the three manuscripts 'New records of predaceous diving beetles (Coleoptera; Dytiscidae) in
Maine" has been accepted for publication in Entomological News (November, 1996). A second paper entitled
"Reliability of data from activity traps in ranking aquatic communities" was presented at the annud meeting in
June, 1996 of the North American Benthological Society, and bas been submitted for publication in Wetlands.
The remaining paper is in peer review. After the methodology paper was finished further analyses were
started on relating macroinvertebrate distribution to wetland chemistry and to landscape variables.

FaTURE PLANS: Exploratory data analyses will continue using standard ecologicd and spatial techniques on
relating environmental variables to macroinvertebrate distribution and abundance. Mean difbrerces will be
tested and results integrated with the literature and the thesis will be prepared and defended by the Graduate
Assistant in late 1996 or arly 1997. Additional appropriate sections of the dissertation will be submitted to
peer-reviewed journals for publication.

NATIONAL PATTERNS OF BIRD ABUNDANCE AND DIVERSITY

2)

3)

Investigators:

Cooperators/
Project
Suppon:

R. J. O'Connor
M. T. Jones

U.S. Environment Protection Agency -
Environmental laboratory, Corvallis, OR

U.S. Forest Service -
Forestry Sciences L^aboratory, Corvallis, OR
Pacific Northwest Region, Portland, OR

Oak Ridge National I-aboratory, Oak Ridge, TN -
Environmental Sciences Division

Objectives: Develop a database of avian qpecies distribution compatible with the
EMAP hexagon grid from 1990 Breeding Bird Survey data and develop
maps of avian species richness.
Evaluate the effects of scale on the correlations between bird and AVHRR
land classification distributions.

2)

SCOPE: Patterns of species richness are poorly understood. This snrdy will evaluate the correlations of avian
distribution and richness with land cover characteristics derived from I kilometer resolution Advanced Very

l)
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High Resolution Radometer (AVHRR) satellite im4gery. AVHRR daa, when combined with existing species
distribution dara (e.g., Breeding Bird Sunrey), lnay prove to be a cost-effective method of evaltuting changes
in species richness over time. Additionally, by varying the ntrmber of land cover classes we will sfirdy the
effects of scale on the correlations betrneen species disributions and land cover classes.

PROJECT STAITIS: Breeding Birds Survey (BBS) data were used !o obtain the qpecies richness daa for each
location with a route. In addition, the incidence of each qpecies at each route (the proportion of nrweys
benveen 1981 and 1990 on which the qpocies of interest was detected at the route) was calculated for each
species. The diversity data and the individual species incidence data were each related to sat€llite imagery daa
using Classification and Regression Tree (CARQ techniques. The satellite daa was complemented with
climate data from the Hierarchical Climate Netrrork (HCl9 and with some other data (road densities,
waterways densities, land ownership).' When the land use data were consolidated to yield an Anderson Level II classification (14 land cover
classes), the CART analysis yielded a statistical model discriminating eleven types of regions. Within each
region species richness uas determined (insoftr as this may be infened from the essentially correlative analysis
conducted here) by unique combinations of climate and land use. The dominant predictors of species richness
were average July temperature, average precipiation, and geographicd location. I ^nd use variables with
predictive power included the proportion of mixed deciduous/coniferous forest and the extent of mixed
grass/rangeland and the prcsence of large water bodies in the area. Since the independent variables were
known for all 12,500 spatial units in the 48 states, it is possible to map the renrlts of these models o the
whole country, thus effoctively creating ecoregions based on the discrimination by birds of the environmental
corrclates of these rcgions.

FWURE PII/JM S: This project is now complete under its present auspices and manuscripts are being prepared
for publication.

SITE FIDELITY OF SONGBIRDS IN SELECTIVELY HARVESTED
AND UNHARVESTED MIXED WOODS

Investigator:

Advisors:

Cooperators/
Projea Suppon:

M. J. Hartley

M. L. Hunter
R. J. O'Connor
A. S. White
W. B. Ilalteman
W. A. Glanz

Univenity of Maine
Forest Ecosystem Research Program
Deparment of Wildlife Ecology

Maine Deparment of Inlad Fisheries and Wildlife
U.S. Forest Service
Cooper Ornithological Society

1) To describe changes in breeding bird communities on sites that are
experimenally harvested (with selection silviculture) and rrnharvested.

2> To estimate site fidelity (i.e., annual return rates) of breeding migratory
songbirds on experimental sites, and determine if timber harvesting affects
site fidelity.

3) To compare productivity indices of breeding songbirds irmong harvested

Objeuives:
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and unharvested sites.

SCOPE: Forests are dynamic ecosystems that may only be understood through long+erm research projects

that focus on mrny different aspocts of stnrcture, firnction, and bioa vithin and between stands. The Forest
Ecosystem Research Program (FERP) was recently formed to address such long-term research issues. The
FERP has established nine long-term researrch sites at the Penobscot Experimental Forest. These 10 ha stands
are grouped into three replicates of 'triplets" (three plots) that ale treat€d with light selection cutting (1 %

annual hawest, with many retention trees), moderate selection cutting (2% anm:ial hawest, with some retention
trees), or no cuti4g (i.e., coutrol). These tbree rcplicates are all within one 1400 ha mixed-wood forest that is
set aside for long-term ecosystem research. My role in the FERP is o snrdy how these treaments affect one
aspect of biodiversity in the foresc breeding bird commuities. If selective timber hanresting causes

migratory songbirds to be displaced from their tenitories of previous years, then hawesting would negatively
affect breeding productivity.

PROJECT STA?US.' My first field season took place during the summer of 1995. No FERP areas had been
hanrested, so this season served as a pre-treament bencbmark for comparisons to future years. All tenitorial
birds were spot-mapped on the nine research areas. Over 366 migratory songbirds were individually color-
marked on FERP research areas. During 1996 the first return data were obtained, yielding return estimates of
50% for Hermit Thnrshes, end ca. 30% for Ovenbirds. Captgres of these two focal species avenge over 40
individruls per species, per summer.

FATURE PLANS: During the winter of 1996197 the second of three triplets will be hanrested. Next summer
(Jgn) I will continue to spot-map and intensively color-band birds on all nine research areas. By hll of 1997
I will analyze rehrrn rates on four hanrested areas compared to five unharvested areas. By summer of 1998
(my projected final season) I will have retum rates for six hanrested stands, including stands that are one and
two yEus post-hanest. These data will yield valuable information on postdisn[bance breeding dispersal of
adult Ovenbirds, Hermit Thnrshes, and possibly other Neotropical migrant songbirds.

DEVELOPMENT AND APPLICATION OF OBSERVATION-BASED TECHNIQUES
FOR ASSESSING FOREST SONGBIRD NESTING SUCCESS

Investigator:

Advisors:

Cooperators I
Projeu
Suppon:

C. R. Foss

M. L. Hunter, Jr., Chairperson
W. A. Haltenran
'W. B. Krohn
R. J. O'Connor
R. S. Seymour

University of Maine
Switzer Environmental Fellowship Program
Mclntire-Stennis
U.S. Fish & Wildlife Service -

Neotropical Migratory Bird Program
USDA Forest Senrice
Lake Umbagog National Wildlife Refuge
N.H. Fish & Gaure Deparffient
N.H. Deparment of Resources and Economic Development

Division of Forests and Lands
Wagner Forest Management, Ltd.
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Boise Cascade

James River Corporation
Maine Bureau of Public knds
Seven Islands L:nd Company
Wagner Forest Management, Ltd.
Audubon Society of New Hampshire

1) Assess the effectiveness of reproductive index ranking of teniories and
fledgling surveys as indices ofnesting success in forests.

2) Identify any behavioral biases tbatmay skewreproductive index ranls for
particular qpecies.

3) Determine the relative effectiveness of sampling points and transects in
fledgling suweys.

4) Determine effective sampling radii for fledglings.
5) Determine ap'propriate seasonal and diumal periods for fledgling surveys.
6) Assess effects ofpartial cuttiqg in spruce-fir forests on species

co'mposition, abundance, and nesting success of breeding bird communities
using behavior mapping and reproductive index ranking.

SCOPE: Recent colrcerns about the relationships between forest fragnentation, hanresting practices, and
biological divenity have increased the need for dara on avian distribution, abundance, and productivity in
forested landscapes. Recent population declines of some songbird qpecies, notably some neotropical migrants,
have underscored the need to understand patten$ of reproductive success for forest songbirds. Selection
menrgement, has been championed by some consewation groups as an alternative to clearcutting which
provides for both timber and wildlife habiat needs uftile minimizing ecosyst€,n disturbance. Research has
yet to address rnany important questions 

"6eu1 
impacts of selection hawests on native wildlife.

This study explores the potential for obsewation-based survey techniques to provide relatively cost-
effective indices to avian assting success in forested habiats, and uses a combination of esablished and newly
developed field sunrey techniques to study relarionships betweeu cutting intensity in spnrce-fir sands and
species composition, abundance, and nesting success of forest birds.

STATAS: Pilot field work was conductd during May-August 1994, involviag surveys on 12 2}-haplots, 4
each in menagsd hardwoods, spnrce-fir forest, and regenerating clearcuts in northern New Hampshire.
Suneys included a modified qpot-napping method, which focused on observations of breeding behaviors, and
polnt and transect suneys, which focused on detection and identification of fledged young. Results indicated
that transect surveys werc more effective than point surveys in detecting fledgtings, and that morning surveys
werc more productive rhan ftesg conducted in late afternoon. The combination of survey techniques in the
pilot year documented 60 bird species which appeared to be mainainiqg tenitories on the 12 study areas, and
403 encounters with fledglings e1 f"mily gloups of 50 species

The snrdy of effects of partial cutting in qpnrce-fir foress began in 1995. Field work conducted
during May-August 1995 and 1996 involved behavior mapping of all birds encountered on 11 20-ha plots in
maneged spnrce-fir forests. Treaments on the 11 plots ranged from no cutting in the past 60 years through
commercid thinning to progressively heavier ftial cuts, conducted during the past 4-6 years. Nest-searching
and monitoring were conducted on 10-ha subsets of 3 plots during the 1996 field season ro enable a
comparison of results from this technique with those from behavior mapping. A oollaborator has conducted
both behavior mapping and constant-effort mist neuing on a plot elsewhere in Maine, enabling comparison of
those techniques as well. Vegeation surveys of the 11 plots are underway during September-October 1996.

FATURE PL4INS: Preparation of a techniques paper addressing fledgliag suneys, behavior mapping, and
comparisons of behavior map'ping with nest searching/monitoring and constant-effort mist netting will be the
priority for the 1996-97 academic year. Plans for the L997 field sqN(m are pending evaluation of 1995 and
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L996 behavior-mapping data.

EFFECTS OF LANDSCAPE PATTERN ON BIRD COMMUNITIES IN
AGROECOSYSTEMS, A,T MULTIPLE SPATIAL

SCALES AND LEVELS OF HABITAT RESOLUTION

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objeuives:

J. G. Poulsen

R. J. O'Connor, Chairperson
M. L. Hunter
J. R. Gilbert
F. A. Drummond
K. J. Boyle
W. A. Halteman

United States Deparment of Agriculture -
Agricultural Research Service

1)

2)

3)

Test an extant model predicting bird species richness of windbreaks.
Examine the effect of habitat class aggregation in predictions of bird
community components.
Determine the spatial scale at which variance in bird community
composition,s is best explained.

SCOPE: The effect of land use and landscape pattern upon pafierns of breeding bird communities in Nebraska
fumland is explored.

The decline of many wild flora and ftuna qpecies bas been severe in agroecosystems around the
world. In Europe and North America, changes in abundance of species and communities of the huna and
flora during the past two or three decades have been associated with the intensification of farming practices,
and similar pattems have been suggested for Asia and fustralia. Since about 50% of the earth's tenestrial
ecosystems is managed for agriculture, including open range and highly mrneged pashres, biodiversity also
need to be maintained and enhanced in agroecosystems.

Bird distribution patten$ are affected directly by the methods sf manegement of non+rop areas (e.g. ,

hedgerows and adjacent naaral habiat), and at a larger scde by the agricultural landscape structure.
I-andscape structue and management of non-crop arqrs arc in turn afbcted by agricultural practices. Only a
few snrdies have however looked at landscape level patterns ofagricularal practices, and distribution ofcrop
versus non-crop land on bird species communities.

Nebraska has been chosen to be a case snrdy to test a Eird Species Richness Index @SRI) model in
the Great Plains. The model predicts wildlife species richness in shelterbelts on the basis of specific habitat
variables: foliage height diversity, number ef snngs/ha, average height of the tallbst shelterbelt row, and
shelterbelt size.

It has also been asserted that the BSRI model for windbreals could potentially be used to explain bird
species richness at the larger farm or landscape level. A larger area (65 ha), in which the windbreak was
located, was therefore also srrveyed. This allows an investigation of how bird community patterns in the
windbrcak was related to that in the larger area. The implications of this upon the wider applicability of the
BSRI model is investigated.

A separate sildy was also conducted, designed experimentally to compare bird community patterns in
heterogeneous and homogeneous frrmland in several areas of Nebraska. This study was conducted at several
spatid scales.



3l

PROJECT STAZUS; The field surdies were completed in 1995. The breeding birds in windbrcat6 a116
surrounding area in each of 23 study areas in Nebraska were sunreyed, and habiat, landuse, and additional
landscape variables were collected, the latler to provide context for frrms. Analyses have been completed, and
reports are being delivered to the sponsoring agencies.

FaTIIRE PUINS: Target date for project completion is December 1996.

WILDLItrE RBSOIJRCES. OTHER TTIAN N,IIGRATORY BIRDS:

POPULATION ECOLOGY OF FEMALE BLACK BEARS IN MAINE

Investigator:

Advisors:

C. R. Mcl^aughlin

R. J. O'Connor, Co-chairperson
G. J. Matula, Jr., Co-chairperson
'W. A. Halteman
D. J. Harrison
W. B. Krohn

Maine Deparment of Inland Fisheries and WildlifeCooperators/
Projea
Suppon:

Objectives: 1) Describe the suwivd, fecundity, and population densities of female black
bears living in MDIFW snrdy areas from 1982-1990.

2) Assemble the above paraneter estimates into a predictive population
model.

SCOPE: The black bear has evolved into an imporant Fophy big-game species in Maine, with considerable
public interest in the welfrre of the resource. Since 1985 Maine Deparment of Inland Fisheries and Wildlife's
(MDIFW) lsar management goal bas been to nainain 1985 levels of bear distribution and abundance (21,000
bea$).

Increasing hawest pressure and changing habiat conditions necessitate careful monitoriqg of the
state's bear population to meet management objectives. Greater knowledge of population dynqmiss is needed
to reliably assess impac6 sf manrgement actions and habiat alteratiqns on the bear rcsource.

This research is designed to document age-specific survival and fecundity of female bears in Maine,
and describe their population dynamics. Of particular interest are the impacts fluctuating fall food zupplies
and hunting barvests have on the growth rate of female bear populations.

These relationships have been investigated using a oomputer model based upon parameter estimates
from field daa. Observed cbanges in population status of bears living within MDIF\M study areas have
provided a basis for evaluating hawest-related monitoring techniques. The model will eventually be used to
further test the sensitivity of new monitoring techniques over a wide range of poputation conditions.

PROJECT STAZTIS: Analysis is now largely complete and a docCIral thesis is being prepared on the basis of
the work done to date.

FUTURE PLANS: Once the thesis has been completed, the results derived ftom the Bradford study area in
central Maine will be assessed as to the need for further modifications of the model. Data from the Stacyville
study area in northcentral Maine have been reserved as an independent daaset to permit further refinement and
testing of the model should this prove necessary.
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Investigator:

Advisors:

Cooperators/
Project
Suppon

EFFECTS OF TIMBER HARVESTING AND TRAPPING
ON HABITAT SELECTION AND POPULATION CHARACTERISTICS

OF AMERICAN MARTEN IN NORTHERN MAINE

D. C. Payer

D. J. Harrison, Chairperson
K. D. Elowe
J. R. Gilben
W. B. Krohn
R. J. Selmour

Maine Deparment of Inland Fisheries and Wildlife
University of Maine -

Cooperative Forestry Research Unit
Deparment of Wildlife Ecology

National Council of the Paper Industry for Air and
Stream Improvement

Maine Forest Service
Mclntire-Stennis
Burter State Park

1) Document and compare seasonal habitat selection and populationObjectives:
characteristics (i.e., home raqge size, inter- ad inna-sexual home range
overlap, density, age and sex stnrcture, survival and percent females
lacating) by martens in an untrapped forest preserve, an nntrapped
industrial forest, and a trapped industrial forest.

2) Compare microhabiat characteristics anong areas receiving high, low or
no use-intensity by resident, non-juvenile martens in an industrial forest
with trapping closure and a forest preserve.

SCOPE: Much recent research with implications for m2n4gement of the American maxten (Martes ameicatu)
in the U.S. and Canada has focused on habitat alteration associated with timber hawesting. Although habitat
loss through timber hawest has undoubtedly contributed to declines of some marten populations, the relative
contribution of increased nufien hawest following the constnrction of forest roads has not been fully
elucidated. This is a significant ovenight in light of the species' vulnerability to overhawest associated with
ease of captue, low reproductive rates and relatively high pelt value. In bct, overtrapping has been
implicated in large-scale declines of marten populations during the early 1900's, and has also contributed to
declines in some modern po'pulations.

The effects of timber hanresting and trapping on rnarten population viability must be isolated to
effectively man4ge for srsained marten populations while providing reasonable oppornrnities for exploiation
of forest products (i.e., timber and fur). We will att€mpt to isolate these effects by concurrently studying
urarten habitat associations at three spatial scales (position of the home range on the landscape, selection for
overstory characteristics srithin the home range and use of microhabitat features within selected occupied
areas) and population characteristics in three contiguous sites in northcentral Maine. The sites differ in
regards to habitat dteration and trap'ping pressure as follows: l) timber harvest and trapping; 2) timber hanrest
and no trap'ping; and 3) neither timber hawest nor trapping.

PROJECTSTA2-US.'Weradiocollared4S(21F,27M),55(22F,33M)aad76(48M,28F)martenonthe
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three study sites in 1994, L995, aand 1996, respectively. Approximately 9,000 relocations have been obained
via telemetry and capuues tbrough 15 September 196. In 1995 we sampled microhabiat feaures in 360
randomly-placed plots in areas receiving high, low or no rnarten use-intensity within the industrial forest.
This protocol was repeated on 288 plots in the forest preserve. Data is currently beiqg anntyzed.

FaTURE PUNS: Mart€ns will be trapped and radiocollared annually through Jlnv 1997. Relocations of
radiocollared animrlg will be obained through April 1998. Scheduled project completion date is December
r998.

RELATIONSHIPS BETWEEN MARTEN PREY DENSITIES AND
MICROHABITAT CHARACTERISTICS IN NORTHERN MAINE

Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objectives: Document seasonal food habits of marten on our study site in northern
Maine.
Estimate small rnammal densities in different forest tlpes classified based
on overstory type, tree height, canopy closure, and stocking density
(mature mixedwood, mature hardwood, mature softwood, regenerating
forest, and stands with severe spruce-budworm damage), and test for
differences in densities of preferred prey species across qpes.
Evduate which microhabiat characteristics are the best predictors of smalt
mammal densities across those habitats.

2)

3)

SCOPE: Recent research on babiat selection by American marten (Manes amcricaru) in Maine indicates
disproportionately high use of stands affected by spruce-budworm. This may result from large volumes of
coarse woody debris, an important trabiat feature for marten, in these stands. Small memmal populations
have been shown to be positively correlated with coarse woody debris. Thus, the reason that marten select
microhabitats with large volumes of coarse woody debris might be related to prey abundance and availability.

We will investigate 1fos rclatiqn$ip between microhabitat characteristics and densities of prey species
that comprise the majority of the marten diet. Marten scats collected over the past 6 years will be analyzed for
percent @currence of food itms. Small mammals will be live-trapped in 5 habiat types (manre mixedwood,
rnanre hardwood, rnanrre softwood, regenerating forest, and sr4nds with severe qpmce-budworm damage).
Microhabiat characteristics will be measured on the trapping grids and then analyzed to determine if smerl
memmels demonstrate habiat selection at the sand level (based on overstory q'pe) or the microbabiat level.

PROJECT STAiTUJ.' We experienced a 67 Vo declinein small memmal captures from 1995 (865 individuals in
1995,287 individuals in 1996). In 15,552 trap nights, we totaled 2,549 captltrres of 1,152 individuals (49%
red-backed voles (Cl.ethionomys gapperi),23% dger mice (Peronrysau maniculatus),22% shrews (Soret
cinereus, Blnrina brevicauda)). Percent occrurence of marten food items in,2l9 scats, weighted eqgally
:rmong four seasons, wu 45% red-backed voles, 32Vo deer mice, 13 % shrews, 23% rcd squirrel
(Tamiasciurus hudsonicus), 13 % snowshoe barc (Lepus americarus), afr 42% berries. Microhabiat

H. J. Iachowski

D. J. Harrison, Chair
F. A. Servello
'W. E. Glan-

University of Maine -
Deparment of Wildlife Ecology

Mclntire-Stennis

1)
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characteristics were sampled at320locations across 20 trapping grids partitioned anong the 5 habitat types.

Snowshoe hare pellet counts were conducted at the end of the leafoff season on transects (n:240). Small
memmal abundance and overstory habitat relations are being slamin€d with repeated measures ANOVA.
gmell mammel microhabitat relations on the stand level scale are beiqg modeled with interactive st€,pwise

linear regression. Small mammal microhabiat relations at the microhabiat level are being modeled with
logistic regression.

FUTURE PMNS: The completion of the final thesis is anticipated by December 1996.

Investigator:

Advisors:

Cooperators /
Project
Suppon:

Objectives:

PREY SELECTION BY HARBOR AND GRAY SEALS
ON COMMERCIAL FISH SPECIES

A. S. Williams

J. R. Gilbert, Chairperson
F. A. Sewello
R. S. Steneck
D. Palka

National Marine Fisheries Service
National Biological Service
University of Maine -

Deparment of Wildlife Ecology

1) Evaluate the diets of harbor and gray seals caught in fishing nets.
2) Determine seasonal and spatial prey abundance and availability.
3) Estimate prey selection by seals on commercial fish species.

SCOPE: The harbor seal (Plncainhru) and the gray seat (Hahchoeru grypus) are often accused of having
negative effects on fishery yields in the northwestenr Atlantic OceaJL The predatory activities of pinnipeds
near commercial fishing grotrnds have long provoked heated axguments. Populations of seals in the Gulf of
Maine have increased over the past twenty years. Potential loss of commercial fish to seals is a growing
concern in the multispecies groundfish sink giltnet fishery. There is insufficient lnowledge of the foraging
ecology of seals to evaluate the effects of seal predation on the abundance of coomercid fish stocls.

I will quantify the diets of harbor and gray seals that were accidenally killed in gillnets. I will
compare the food habits data, spatially and te,mporally, with quantities of available prey species and prey size.

PROJECT STAIUS: Sample collection of whole animals and somachs from seals killed in the commercial
sink gillnet fishery will be collected through August 1997. Fifty-seven stornachs have been analyzed, with an
additional 15 samples awaiting processing. A Northeast Seal Working Group has been created to coordinate
seal research projects requiring biological samples. Data on abiotic and biotic factors, such as water
tempemture, depth, and prey abundance from the seal collection sites have been obtained.

FWURE PLANS: Completion may be scheduled for December L997.
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FACTORS AFFECTING NESTING SUCCESS OF THE EASTERN WILD TURKEY
IN CONNECTICUT: NEST ATTENTIVENESS, NESTING HABITAT,
CLIMATIC CONDITIONS, AND LANDSCAPE CHARACTERISTICS

Investigator:

Advisors:

Cooperators I
Project
Support:

S. M. Spohr

F. A. Servello, Co{hairperson
D. J. Hanison, Co{heirperson
J. R. lnngcore
J. M. Ringo

National Wild Turkey Federation -
Connecticut Chapter

Wildlife Forever
University of Maine -

Deparment of Wildlife Ecology
Connecticut Deparment of Environmenal Protection -

Wildlife Division

1) Determine if nest or harching success are affected by attentiveness of the
ftmale to her nest.

2) Determine the effects of weather on nest attentiveness and reprodrrctive
pararneters.

Objectives:

3) Determine the effects of vegeative cover on nest success.
4) Examine the effects of landscape characteristics on nest $rccess and nest

scoPE:In nany sates winter -"ffi::*t to be one of the most imporant physical factors influenciag
eastern wild nrkey (Meleagrts gallopao silvestris) populations. Winter mortality is thougfit to be the
ultimate result of severe winters in northern and midwestern stales. However, winter morality may not be a
limiting frctor in southern New England. Instead, annual population flrcnrations are most likely the result of
variable reprodrctive $rccess. Nest success appears o be the most imporunt demographic variable
influencing annual population change. High annual variation in nest success is common, but factors that
directly cause this variation are not known. My objectives are to determine the relative effects of nest
attentiveness, cover, weather, and landscape characteristics on nest success of turkeys in Connecticut.

PROJECT STATUS: Druing the winter of 1996I uappe0 Z2hens and equipped them with back-pack
tralsmitters. These hens were monilored throughout the winter, spring, and summer. I moniored nest
attentiveness of 4 hens with Rustrak recorders positioned near nests. Daily weather data such as precipiation,
wind speed, and temperature were obained by placing weather sations near nests. After nesting was
complete, I quantified vegetation around each nest site. Using aerial photographs, I will estimate the amount
of edge (defined as an opening in the forest canopy with a dianeter > 3 times the height of the adjacent trees)
near each nest, zls well as disance to nearest edge, distance to roads, and distance to urban areas.

In the second year of this study I will nap and mark approximately 40 additional hens. The above
dan will be collected on these hens as well as on the hens remaining from the initial study population.
Completion is anticipated by December 1997.
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BARK INVERTEBRATES OF WHITE PINE AND RED OAK SNAGS
IN A SOUTHERN MAINE FOREST

Investigator:

Advisors:

D. L. Nelson

M. L. Hunter, Jr.
R. J. O'Connor
A. S. White
S. A. Woods
C. S. Stubbs

Holt Woodlands Research Foundation
University of Maine -

Deparment of Wildlife Ecology

1) Document the invertebrates on and within the bark of standing dead pines

and oaks in the Holt Research forest.

Project Support:

Objectives:

2) Relate variability in abundance and tana composition of these invertebrates
to characteristics of the snags and their local enviroment.

3) Document the characteristics and availability of snags vithin the Holt
Research Forest from 1984 to 1996.

SCOPE: Dead wood is an important cornponent of many forest ecosystems. Trees in various stages of decay
contribute smrctural diversity to forests, serve as long-term nutrient sources and sinks, reduce erosion,
contribute to soil development and emichment, influence seedling esablishment, provide habiat for mammals,

birds, amphibians, reptiles, invertebrates, plants, and firngi, and reain moistue through times of drought. Of
all organisms that use decaying wood, invertebrates compose possibly the largest and most diverse group.
Inverlebrates also play essentid roles in the process of wood decomposition. Even so, comparatively little is
known about the ecology of most woodJoving invertebrates.

Current fsrcsi menrgement practices often discriminate against dead trees, which are reduced through
thinniqgs and short rotations, elimin2jsd as both fire and safety hazards, and destroyed o prevent the spread of
timber pests and diseases. These practices ruay dter the size, species composition, and recnriment rate of
dead Eees, affect patterns of decay and nutrient cycling, and cause ecosyst€m simplification. The implications
of srrch practices on forest ecosyst€ms are just beginning to be investigated.

This study is designed to address iszues relating to invertebrate and dead tree conservation. I wish to
quantitatively explore the links between snag condition and the community attributes of bark invertebrates. I
also wish to explore the dynrmigs of snag production and decay. This knowledge could be important for the
wise menagement of forest resources.

PROJECT STA1'US.' Pilot work in the summer of 1995 and the treginning of summer 1996 established an
appropriate methodology for sampling snag inveftebrates. The remainder of the 1996 field season was spent
recording a broad spectrum ofdaa for three size and three condition categories ofoaks and pines, and
collecting four different sample types. lnvertebrates arc currently being identified to varying degrees,
depending upon the availability of published keys and help from expert taxonomists.

FUTURE PLANS: All invertebrates will be taken to the level of class, many to family, and some to species.
In addition, the time inventories conducted in 1984, 1988, and 1996 will be used to examine the numbers and
kinds of snqgs available in the forest, and the rate of snag production a:rd fall. Based upon enalysis of these
data, the strategy of sampling in future years may remain the same or become more focused. Fuure work may
address the impact of forest harvests on the invertebrate community of snag bark.



REDBACK SALAMANDER (PLETHOD ON CINEREUS) HABITAT PREFERENCES
IN A MAINE OAK-PINE FOREST

37

L. M. Monti

M .L. Hunter, Jr.
I. J. Fernandez
R. J. O'Connor

Holt Woodlands Research Foundation
University of Maine -

Deparment of Wildlife Ecology

1) Evaluate the use of artificial refugia as a valuable method for the
asses$nent of redback salamander populations.

2) Estimate the density of the rcdbacl6 salamrnder population in an eastern
oak-pine forest.

3) Assess how microhabitat variables affect the distribution and abundance of
the redback salamander in an oak-pine forest, with special emphasis placed
on coarse woody debris.

Investigator:

Advisors:

Cooperatorsl
Project Suppon:

Objeuives:

SCOPE: The redback salamander (Plethodon cincreus) is a very common species of terrestrial amphibian.
Monioring is population density aa{ gstaUishing its habitat preferences are imporunt for at least wo
rEtsons. First, this qpecies may play a key role in ecosystem function, in part thrcugh its sheer abundance.
Second, the sensitivity of amphibians to their enviroments might render them useful indicators of overall
ecosystem health. In order to monitor the population density of redback salem4nders, accurate censusing
methods must be available. Current methods are not well suited to this species or to repetitive measurements.
A relatively new technique, involving coverboards placed on the forest floor and monitored at regular
intervals, has been utilized for the past seven yeas at the Holt Forcst. However, its effrcacy has not yet been
closely examined, nor have the daa been used to esablish habiat preferences of this species. This snrdy will
attempt to evaluate the coverboard method and use data obained with this technique to estimate the redback
salanander population at the Holt Forest, deternrine the habitat preferences of that qpecies, and answer specific
questions about certain habiAt components.

PROJECT STATLIS: The first field season involved the esablishment of 60 new "gxlemender stations"
modelled after the 60 already in use at the Holt Forest. All 120 were monitored throughout the summer. In
order to determine which portion of the salama$der population was using the stirtions, individuals found at the
60 new si0es were toe-clipped to allow for recognition of individuals. To determine habiat preferences, the
vegeation and the soil at each of the 60 older sations were characterized. This rlara set and the data resulting
from six years of salemender counts at these stations were used 0o look for correlations between salrmenders
abundance and habiat variables.

lor the second and final field season, specific habitat and methodological variables were investigated
more closely. Experiments to determine the pH preference of redbacks, the effects of soil moisture on
salamander use of the stations, and the impact of coarse woody debris on apparent population density were
performed. An experiment designed to assess whether aging the cover items used at the sations was necess:rry
to ensue use by salamanders was also performed.

FUTURE PLANS: Daa will be collected through October. Analysis and evaluation will then begin. A final
paper is expected by January 1997.
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NUTRITIONAL AND PHYSIOLOGICAL EFFECTS OF PLANT SECONDARY
METABOLITES CONSUMED BY WHITE-TAILED DEER DURING WINTER

Investigator:

Advisors:

J.'W. Schneider

F. A. Servello, Chairperson
'W. B. Krohn
J. M. Rhymer
B. J. W. Cole
M. R. Stokes

Mclntire-StennisCooperators/
Project
Suppon:

Objectives: 1) Determine the effects that potentially high concentrations of plant
secondary metabolites in forages of white-ailed deer have on deer
energetics and detoxification costs.

2) Evaluate the effectiveness of urine indices for predicting diet quality and
nutritional satus for white-tailed deer consuming natural forage diets.

3) Dercrmine the interspecific variation of plant secondary meabolite levels
in common forages consumed by white-ailed deer during winter.

4) Determine the metabolic and energetic responses of deer to increasing
concentrations of selected phenolic and terpenes compounds.

SCOPE: Research on the foraging ecology of vertebrate herbivores has recently focused on the influence of
plant secondary metabolites, because of the effect these compounds have on forage selection and qudity.
Plant secondary metabolites are a large (33,000 - 38,000) diverse group of organic compounds, which may be
bitter-tasting, poisonous, offensively odorous, or have anti-nutritional properties. Phenolics and terpenes are
the most prevalent classes of plant secondary metabolites and have the greatest overall influence on herbivore
ecology. Herbivores have developed mef,hanisms to modi$, degrade, or inhibit ingested compounds before
absorption, or o deoxify and excrete absorbed compounds. The effects of plant secondary metabolites on
herbivores varies depending on both the type of compound ingested and the herbivore ingesting it. It has been
zuggested that forage selection by ruminants is most likely a function of defense chemicals as determined by
the rate of detoxification and elimination, but there is no available daa on the deoxification abilities or
energetic costs associated with deoxiffing plant secondary meabolites by deer.

During winter, white-ailed deer are exposed to diets which vary in types and concentrations of plant
secondary metabolites. The primary goal of my snrdy is to understand the metabolic and energetic costs of
ingested phenolic and terpene compounds in winter diets of white-tailed deer. Two experiments will be
conducted using captive white-ailed deer fed both mixed natural forage diets and commercial pelleted diets
formulated with specific secondary metabolites. These two experiments should provide an adequate means for
comparing diet quality, deoxification metabolite output, energetic costs, and nutritional status of deer fed
plant secondary metabolites.

Secondary goals of this study are to evaluate the use of detoxification metabolites as indices of diet
qudity. Several techniqr.rcs have been proposed for evaluating the nutritional status of deer during winter
using urine samples collected from snow. Although &ese techniques have received considerable attention,
they have not been tested with deer fed natural winter diets, nor have they evaluated the potential confounding
effects of plant secondary meabolites. Urine samples collected during the two plant secondary metabolite
experiments will be anzlyz-ed and evaltuted as indices of the nutritional status and diet quality of white-tailed
deer.
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PROJECT STAITIS.' Experiment 1 was conducted during Febnrary and March 1996. Chemical rnalyses of
feed, feces, and urine samples are currently being condrrcted.

FUTURE PLANS: Experiment 2 will be initiaad following chemical analyses from experiment I ard
evaluation of secondary meabolit€ concentrations to be used in formulated experimenal diets.



40

PUBLTCATTONS, THESES AND DTSSERTATTONS,
PROI|ESSIONAL AND PI'BLIC TALKS GTVEN, AND AWARDS

SCIENTIFIC PUBLICATIONS

BLACKWELL, 8.F., W.B. KROHN, and R.B. ALLEN. 1995. Foods of nestling double+rested cormorants in
Penobscot Bay, Maine, USA: temporal and spatial comparisons. Colonial Waterbirds 18(2):199-208.

BOONE, R.8., and M.L. HUNTER, JR. 1996. Using diffrrsion models to simulate the effects of land use on
gnnly bear dispersal in the Rocky Mounains. hndscape Ecologry 1 1:51-64.

CHILELLI, M., B. GRIFFITH, and D.J. HARRISON. 1996. Interstate comparisons of river otter harrrest data.
Wildlife Society Bulletin 24{2):238-246.

COOPER, A., J. RIIYMER, H. JAIUES, S. OISEN, C. McINTOSH, M. SORENSON, and R. FLEISCHER.
1996. Ancient DNA ard island endemics. MESE 3812484.

deMAYNADIER, P., and M.L. HUNTER, JR. 1995. The relationship betrveen felssg men gement and
amphibian ecology: A review of tle North American literature. Environmental Reviews 3:230-261.

HAI, D.J., LIEN, J., NELSON, D., and CURREN, K. 1996. A contribution to the biology of the white-beaked
dolphnl-agmorlryrrchus albirostris in waters off Newfoundland. Canadian Field-Nanralist ll0(2):278-
287.

HARRISON, D.J. 1995. Effect of timber harvesting and trapping on American martens in northern Maine.
Paga 27-32 i! 1995 Annual Report and Research $rrmmary of the Cooperative Foresury Research Unit.
Miscellaneous Re$ort NO. 3q7, Mairre Agniculnral and Forest Ex$edment Sation. University of Maine,
Orono.

HARTLEB, C.F., and J.R. MORING. 1995. 5 irnproved gastric lavage device for removing stomach cont€nts
from live fish. Fisheries Research 2aQ):261-266-

HARTLEY, R.A., and J.R. MORING. 1995. Differences in mortality between largemouth and smrllmouth bass
caught in tournaments. North American Journal of Fisheries Manngement 15:666-670.

HUNTER, M.L., JR. 1996. Fundamentals of Conservation Biology. Blachvell Scientific Press, Cambridge,
MA. 488pp.

HUNTER, M.L., JR. 1996. Benchmarks for managing ecosystems: Are hnman activities natural? Conservation
Biology 10(3):695-697 .

HUNTER, M.L., JR., ard A. CALHOUN. 1996. A triad approach o land-use dlocation. Pages 477491]14
Biodiversity ia manqged landscapes, R. Szaro and D. Johnston (eds.). Oxford University Press, New
York. 778pp.

KROHN, W.B., R.B. ALLEN, J.R. MORING, and A.E. HUTCHINSON. 1995. Double+rested cormorants in
New England: population and maragemeut histories. Pages 99-109 il The double-crested cormorant:
biology, consenration, a.nd managernent, D. N. Nettleship and D. C. Dufr (eds.). Colonid Waterbirds
18 (Special Publication 1).



4l

MOORE, E.H., and J.W. WffHAM. 1996. From forest 0o frrm and back again: Iand use hisory as a
dimension of ecological research in coastal Maine. Environnental History l(3):50-69.

MORING, J.R. 1996. Fish discoveries by the I-ewis and Clark and Red River expeditions. Fisheries 2lQ):6-
12.

MORING, J.R., J. MARANCIK, ard F. GRIFFITHS. 1995. Changes in stocking strategies for Atlantic salmon
restoration and rcbabiliation in Maine, lg.7l-1993. American Fisheries Society Symposium 15:3846.

MUGANGU, T.E., M.L. HUNTER, JR., and J.R. GILBERT. 1995. Food, water, and predation: A snrdy of
habiat selection by buftlo in Vinrnga National Patk, Zdfie. Mammalia 59(!3a9-362-

O'CONNOR, R.J. 1996. Toward the incorporation of spatiotemporal dynrmiss into ecotoxicology. pages 281-
3L7In O.E. Rhodes, R.K. Chesser, and M.H. Snith (editors), Population dynamics in ecological space
and time. Chicago University Press, Chicago, IL.

PARAGI, T.F., W.B. KROHN, and S.M. ARTHUR. 1994. Using estimates of fisher recnriment and survivat
to estimate population trend. Northeast Wildlife 5l:1-11.

PARAGI, T.F., S.M. ARTHUR, and W,B. KROHN. 1996. Imporance of tree cavities as naal dens for
fishers. Northern Journ^t of AFrplied Forestry l3e):79-93.

POULSEN, J.G. 1996. Behavioru and parental care of skylark (Alauda anatsis) chicks. Ibis 138:525-531.

POULSEN, J.G., and N.J. AEBISCIIER. 1995. Quantiative comparison of tno methods of assessing diet of
asstling skylarks (Alailda arvauis). Auk 112:1070-1073.

RHYMER, J.M., and D.S. SIMBERLOFF. 1996. Genetic extinction through hybridization and introgression.
Annual Review of Ecology and .aystem^tics 27:83-109.

RODENHOUSE, N.L., L.B. BEST, R.J. O'CONNOR, and E.K. BOLUNGER. 1995. Effects of agricultural
practices and frrmland structure. Pages269-293 In T.E. Martin and D.M. Finch (editors), Sratus and
mrnegemetrt of neotropical migratory birds. Oxford Univenity Press, New York.

SPICER, A.V., J.R. MORING, ard J.G. TRIAL. 1995. Downstream migralory behavior of harchery-reared,
radio-tagged Atlantic salmon (Salnb.rarar) smolts in the Penobscot River, Maine, USA. Fisheries
Research 23 (3 | 4) :255 -266.

THOMPSON, M.E., J.R. GILBERT, G.J. MATULA, JR., and K.I. MORRIS. 1995. Seasonal habitat use by
moose on ma"aged forest lands in northern Maine. Nces 3l:233-245.

WHITCOMB, S.D., A.F. O'CONNELL, JR., and F.A. SERVELLO. 1996. Productivity of the spnrce grouse
at the southeastern limit of ia range. Joum.l of Field Ornithology 67(3):422427 .

WITHAM, J.W., and A.J. KMBALL. 1996. Use of a geographic information system to frcilitate analysis of
spot-mapping data. Journal of Field Ornittrology 67(3):367-375.

TECHNICAL AND SEMI-TECHNICAL PUBLICATIONS

CHAPIN, T.G., D.J. HARRISON, D.D. KATNIK, D.M. PHILUPS, and E.C. YORK. 1995. Influence of



42

landscape pattem, forest type, and forest stnrcture on use of habiat marten in Maine. Final contract
report submitt€d to National Council of the Paper Industry for Air and Stream Improvement. 87pp.

deMAYNADIER, P. 1996. Research on amphibians and forestry practices reported in lhe-Eotestry-Source, a

publication of the Society of American Foresters, April 1996, Vol. 1, No. 3.

HUNTER, M.L., JR. 1996. A deskrop refetence for conservationists. Book review of Conservation and
Environmentalism (by J. Pachlke). Consenration Biology L0zl477 -1478.

LONG, R.A., D.J. HARRISON, and A.F. O'Connell, Jr. 1996. Annual survival and cause-specific mortality
of white-ailed deer frwns on Mount Desert Island, Maine. Einal Report No. CA-lq0Gl-q016,
Amendment #5:5-19, NOtrh Atla$iC Bggigg, National Eatk Senrice, Boston, Mass. 51prp.

MORING, J.R. 1995. Book review of The Roc$rol Fishes of New Zealand (C. Paulin and C. Roberts, 1994,
Museum of New Zealzfr). Fisheries Review a0p):57a.

MORING, J.R. 1996. Book review of The Fmntiersman: The Real Life and the Many l-egends of Davy
Crockett (by M. Den, 1993, William Morrow and Company, New York, 30ap.) Journal of the West
35(3):109.

MORING, J.R., and K. FINLAYSON. 1996. Effects of land-use activities on Atlantic salmon (Salno salnr): a
literature review. Final Report to the National Council of the Paper Industry for Air and Stream
lmprovement. 86pp.

PAYER, D., and S.R. CRAVEN. 195. Wild nrkeys: A problem for Wisconsin. Univenity of Wisconsin
Coqrerative Extension, Publication No. 63623. 19pp.

PAYER, D., B.J. HOLMES, and R.E. SPRINGMAN. 1995. Pollution control guide for milking center
wastewater man4gement. North Central Regional Extension Publication NCR 549. 45pp.

THESES AND DISSERTATIONS

BLACKWELL, B.F. 1996. Ecology of double+rested cormorants using the Penobscot River and Bay, Maine.
Ph.D. Disseration, University of Maine, Orono, ME. 141pp.

deMAYNADIER, P. 1996. Patterns of movement and habitat use by amphibians in Maine's managed forests.
Ph.D. Dissertation, University of Maine, Orono. 222W.

HARTLEB, C.F. 1996. Ecology and performance of stocked brook nout (Satvetints fontinnlds) in two Maine
ponds. Ph.D. Disseration, Univenity of Maine, Orono. 210pp.

MADDEN, A.P. 1996. The effects of invading black crappie on the resident white perch population in a lake of
central Maine. M.S. Thesis, Universityof Maine, Orono. 64pp.

PROFESSIONAL TALKS PRESENTED

BARTLETT, J., and D. MAGEEAN. 'Integrating social science daa with the landscape ecology of the
coterminous United States. " International Open Science Meeting on l-and-use and l:nd+over Change,



43

Amsterdarn, The Netherlands, January 1996.

MAGEEAN, D., and J. BARTLETT. 'Integrating ceosus daa with the landscape ecology of the coterminous
United States. " Sixth Intermtional Symposi'm olr Society and Resource Manage,nent, Pelosylvania
Sate University, May 1996.

MAGEEAN, D., and J. BARTLETT. "Putting people on the map: Integrating social science daa with
environmental data. " Pecora 13 International Symposirm on Human Interactions with the Environment:
Perspectives from Space, Sioux Falls, SD, August 1996.

BOONE, R.B., W.B. KROHN, S.A. SADER, Z. YIN, R.I. BARTLETT, and A.P. GUAY. "Use of aeriat
videography 0o cr€ate a habiat map for Maine.' National Conference of the Society of American
Foresters, Portland, ME, October 28-29,1995.

CHAPIN, T.G., aod D.J. HARRISON. 'Influence of landscape pattem on spatial use of habiat by marten in an
industrial forest. " National Conference of the Society of American Forestem, Portland, ME, November
1, 1995.

CHAPIN, T.G., and D.J. HARRISON. "Seasonal selection of habiats by resting marten in Meire." 52nd
Nortbeast Fish and Wildlife Confereoce, Farmington, CT, April 2, 1996.

CHAPIN, T.G., and D.J. HARRISON. 'Seasonal habitat selection by marten in an untrapped forest preserve. "
Ecological Society of America 1996 Annual Combined Meeting, Providence, R[, August 14, 1996.

deMAYNADIER, P., and M.L. IIUNTER, JR. 'Forest m?ntgenent and amphibians: Insigha from the North
American literature." NCASI Northeast Regional Meeting, Portland, ME, October 18, 1995.

deMAYNADIER, P. "Amphibian conservation in the working forest." Biodivenity in the Working Forest
Worlshop, University of Maine, Orono, December 12,1995.

deMAYNADIER, P. "Forest mamgement and amphibian consewation in the Northeast. " Maine Forest
Biodiversity Project, Ellsworth, ME, March 12,1996.

deMAYNADIER, P. "Are vernal pool-breeding amphibians closed-canopy specialists?' Maine Audubon
Society's Vernal Pool Workshop, Maine Audubon's Gilsland Farm Center, March 22,1996.

deMAYNADIER, P. "Best management practices for the uplads sunounding amphibian breeding pools." James
River Corporation, Old Town, ME, April 18, 1996.

HARRISON, D.J. "Influence of forest hanresting on narten populations in northern Maine. " Society of
American Forester's National Convention, Portland, ME. Novenber 1, 1995.

HARRISON, D.J. "Ecology and life history of the northeastem coyote. Seminar presented to Illinois Natural
History Museum, University of Illinois, Urbana. November L4,1995.

HARNSON, D.J. "social ecology and prey relationships of the eastern coyote: the influence of prey size on
pack formation. Seminar presented to Dept. Of Ecology, Ethology, and Evolution, Universiry of
Illinois, Urbana. November 15, 1995.

HARRISON, D.J. "Habiat requirements of American marten: reassessing paradigms. " Deparmeft of Wildlife
Ecology, University of Maine, November 28,1995.



44

HARRISON, D.J. Habiat requirements of American marten in northeastern forests. Seminar presented to
Fraser Paper, Inc. and J. D. Irving Corporation's foresters. Edmundston, New Brunswick. Febnrary
27, tgg6.

HARRISON, D.J. "Marten, foresB, and biodiversity: a model for conservation. " Maine Forest Biodiversity
Conference, Ellsworth, ME, March 12,1996.

HARRISON, D.J. 'Funding, in&astnrcture, and partnerships for wildlife conserrration in the U.S." Seminax' presented to Deparment of Ecosystem plenning, Tokyo Noko University, Japan, March 20, 1996.

HARRISON, D.J. "Habiat relationships of American marten: specialist or generalist. " Se'minar presented to
U.S. Forest Service Redwood Sciences Iaboratory and College of Natrual Resources, Humboldt
University, Arcata, CA, March 28,1996.

HARRISON, D.J. 'Influence of spatial and body scding on habitat selection by mammelian carnivores.'
Seminar presented to Utah Coo'perative Fish and Wildlife Research Unit and Deparment of Fisheries and
Wildlife, Utah Sate University, logan, April 5, 1996.

HARRISON, D.J. "lnfluence of spatial and body scali4g on habitat selection by memmalian carnivores.'
$erninar presented to Deparment of Zoology and Physiology, Univereity of Wyoming, I:ramie, April
11, 1996.

HARRISON, D.J., ard S. L. Glass. Comparative social ecology of coyotes: does large prey cause pack
formation? Paper presented at Ecological Society of America 1996 Annual Combined Meeting,
Providence, RI. August 13,1996.

HARTLEB, C.F., end J.R. MORING. "A comparison of a bioenergetics model and field suweys on the survival
bf stocked brook trout. " American Fisheries Society, Atlantic International Chapter, Annual Meeting,
Gorham, NH, September 25, 1995.

HARTLEY, M.J., and M.L. HUNTER, IR. 'Effects of forest cover on nest predation rates and edge effects: A
synthesis." Northeast Wildlife Gradrute Student Conference, Acadia University, Wolfoille, NS, Canada,
March 2-3,1996.

HARTLEY, M.J., and M.L. HITNTER, JR. "Songbird site-fidelity in menaged forests: An experimental study."
Maine Bird Conference, Bates College, Lewiston, ME, April 26-27, L996.

HARTLEY, M.J. 'Songbird site-fidelity and forest mrn4gement. Part of "Acadia without birdsong?"
Workshop/seminar Resource Acadia Seminar Series, Acadia National Park, May lL, 1996.

HARTLEY, M.J., and M.L. HUNTER, IR. "Forest cover, artificial nest predation rates and edge effects: A
meta-analysis. " Joint meeting of the Ecological Society of America/Society for Conservation Biology,
Providence, R[, August I0-L4, 1996.

HUNIER, M.L., JR. "Wildlife mrnagement across multiple ownerships." Society of American Forestere'
National Convention, Portland, ME, November l, 1995.

HUNTER, M.L., JR. "Ecological thresholds and the definition of old growth rrees." Forestry Seminar Series,
University of Maine, Orono, November 10, 1995.

HUNTER, M.L., JR. "Biodiversity: buzzword or fundamental concept." Uuiversity of Montana, Missoula,



45

MT, December 1, 1995.

HUNTER, M.L., JR. "Ecological resewes." New York chapters of the Wildlife Society, Society of American
Foresters, and American Fisheries Society, Syracuse, Ny, Febnrary Z, 1996.

I{UNTER, M.L., JR. "Lessons from paleoecology for consewation biology.' University of Massachuseus-
Boston, Biology Deparment, April5, 1996.

HUNTER, M.L., JR. Organized a symposium entitled "Northern forests: Diverse perspectives on bioregional
planning, " at the Ecologicd Society of America/Society for Conservation Biology Conference,
Providence, RI, August 11, 1996.

KROHN, W.B. "Use of aerial videography to creat€ a habitat map of Maine from sarellite imegery.' A
laboratory demonstration tbat rvas part of a professioml dwelopment course on Remote Sensing and
Forest Management, University of Maine, Orono, March 4,1996.

KROHN, W.B. "Management and sanrs of American eider ducls." Slide presenation to a Wildlife Ecology
class, University of Maine, Orono, March 20,1996.

KROHN, W.B. "Cormorants and Atlantic salmon restoration in the Penobscot River.' Slide presentation to the
MaiDe Atlantic Salmon Technical Advisory Comni'ittee, Brngor, ME, May 8, 1996.

KROHN, W.8., and R.B. BOONE. "Gap Analysis in Maine - concepts and preliminary results." Poster end
slide presentation at the Maine Forest Biodiversity Project meeting, Kingfield, ME, May 21, 1996.

KROHN, W.B. and R.B. BOONE. "A preliminary Gap Analysis of Maine." Poster presentation at the 6th
National Gap Analysis Meering, Key Largo, FL, July 15-19, 1996.

KROHN, W.B. and R.B. BOONE. "The saars of Maine Crap Analysis." Slide presentation at a conference on
Science-based Efforts to Desigr Ecological Reserves in Northern New England, Pinlsam Norch, NH,
September 24,1996.

LONG, R.A., D.J. HARRISON, and A.F. O'CONNELL, JR. Survival and cause-specific mortality of white-
ailed deer Fawns on Mount Desert Island, Maine. Paper presented at Ecological Society of America
1996 Annual Combined Meeting, Providence, RI. August L4, L9Fr6.

MADDEN, A.P., and J.R. MORING. "Effects of invading black crappie on the resident white perch populations
in a lake of central Maine." Northeast Fish and Wildlife Conference, Farmington, CT, Aprit 3, 1996.

MAGEEAN, D.M., and J. BARTLETT. "Integrating social science data with the landscape ecology of the
coterminous United States.' Open Science Meeting on land-use and kndqver Change, Royal
Netherlands Academy of Sciences, Amsterdam, Netherlands, January 1996.

MAGEEAN, D.M., and J. BARTLETT. "Integrating social science data with the landscape ecology of the
coterminous United States. " Sixth International Conference on Society and Natural Resources,
pgnnsylvania Sate University, Coltege park, pA, May 1996.

MAGEEAN, D.M., and J. BARTLETT. "Putting people on the map: Integrating population and environmenral
daa.' PECORA 13 Conferencs sa llnman Interactions with the Environment Perspectives from Space,
Sioux Falls, SD, August 1996.



46

MOORE, E.H., and J.W. WITHAM. nFrom forest to frrm and back again: I:rl ue history as a dimension of
ecological research in coasal Mirine.' National Society of American Foresters Convention, Ocober 28-
31, 1995.

MORING, J.R. "The early cultrue of Atlantic salmon in Maine, 1871-1E99." Poster presentation at the
American Fisheries Society Anurut Meeting, Tampa, FL, August 30, 1995.

MORING, J.R. "Trends in anadromous fishes.' Workshop on the Decline of Fisheries Resources in New
England, Boston, MA, March 26,1996.

MORING, J.R. "The early culnue of Atlantic salmon in Maine, 1871-1899." Poster presentation at the
Northeast Fish ard Wildlife Conference, Farmington, CT, April 1, 1996.

O'CONNELL, A.F., and F.A. SERVELLO. 'Spnrce gpouse ecology on Monnt Desert Island, Maine. "
Ornithology Deparment Seninar, American Museum of Nanrral History, New York, NY, July 9, 1996.

O'CONNOR, R.J. "Habiat conelates of grassland birds in North America." International Conference on
Consewation and Ecology of Grassland Birds, Tulsa, OK, October 26-28, 1995.

O'CONNOR, R.J., and M.T. JONES. "The enviromenal determinants of the avifruna of the coterminous
United Sates. " Winter meeting of the British Ecological Society, Sheffield, England, December 19,
1995.
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O'CONNOR, R.J. "Ecological theory as a path to adaptive conservation monitoring. " Society for Conservation
Biology rq,nnual Meeting, Providence, RI, August 12,1996.
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Madne Center gummer Scientific I€cture Series, July 18, 1996.

HARRISON, D.J. "Marten as a barometer of forest health in Maine." Annual Meeting, Maine Chapter of The
Wildtife Society, Brewer, ME, April 25,1996.

HARRISON, D.J., D. PAYER, and H.J. LACHOMKI. "Influence of forest harvestt.g and forest stnrchre on
habitat selection by American mirten.n Presentation and field tour to NCASI and other forest industry
representatives, Millinocket, ME, August 22, 1996.

HARRISON, D.j. Adaptions of birds and manmals to their environment. Presentation to 2d grade classes,
McGraw School, Hampden, Maine. Ocober 18, 1995.

HARRISON, D.J. Animal's adaptions to winter. Presentation 1q lrngor Montessori School, Bangor, Maine.
October 19, 1995.

HARTLEB, C.F. 'Evaluation of stocked brook trout.' Presenation to the Fisheries Division. Maine
Deparment of Inland Fisheries and Wildlife, Orono, ME, December 4, L995.

HUNTER, M.L., JR. "Biodivenity: What is it - Why do we care about it?" Support for Science Studenrs
. Program, University of Maine, Orono, January 3I,1996.

HUNTER, M.L., JR. "Exploration." Univenity of Maine Commencement, Orono; May 11, 1996.

HUNTER, M.L., JR. "A primer on biodiversity." University of Maine Alunni Reunion, Orono, June 2, 1996.

HUNTER, M.L., JR. "Spatial and temporal pattens of forest diversity." USDA Forest Service, Clemson
University, SC, September 20, 1996.

KROHN, W.B. "Cormorants and smolts - what's happening in the Penobscot River?" Slide presenation to the
Penobscot County Conservation Association, Brewer, ME, Febnrary I, t996.
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KROHN, W.B. "Cormorants and Atlantic salmon restoration in the Penobscot River. " Slide presenation to the
East Eddington Salmon Club, Eddington, ME, April 3, 1996.

LACHOWSKI, J. "Mainely maxten - Maxten ecology and research techniques in Baxter State Park." Talk given
ro staff and public, Kidney Pond, Baxter Sate Park, July 17, 1996.

LACHOWSKI, J. "Mainely marten - Marten ecology and research techniques in Baxter State Park. " Talk given
to public, Nesoadnahunk Field, Baxter State Park, llly 25, 1996.

LACHOWSKI, J. "Marten research ia [{aine - Implications for silvicultural practices for marten." Tdk given to
WLE 450 students on field trip to northem Maine, SeBtember 20, 1996.

MADDEN, A.P. 'Effects of invading black crappie on the resident white perch population in a lake of central
Maine. " Presentation to the Fisheries Division, Maine Deparment of Inland Fisheries and Wildlife,
Bangor, ME, April30, 1996.

MORING, J.R. "Fish discoveries by the I*wis and Clark and Red River expeditions." Wildlife Deparment
Seminar Series, University of Maine, Ocober 2, 1995.

MORING, J.R. "Animals." Old Town-Orono YMCA, Old Town, ME, March lL,1996.

PAYER, D. "Ma$en research in Maine: 1988 to present. " Kennebec Valley Chapter of the Maine Trappers
Association, North Anson, October 8, 1995.

PAYER, G. "Mainely marten - Mart€n ecology and research techniques in Baxter State Park." Talk presented to
the general public, Baxter State Park, Jttly 17, 1996.

WITHAI\{, J. "Ovenriew of the Holt Research Forest." Brown-bag Series, School of Renewable Natural
Resources, University of Arizona, Trrcson, March l,1996.

WTIHAM, J. "Population tnends of neotropical migrant birds in northeastern U.S.' Conservation Biology
Seminar, Dept. of Ecology and Evol. Biology, University of Arizona, Tucson, April4, 1996.

AWARDS, HONORS, AND APPOINTMENTS

BOONE, R.B. Received the 1996 Outstanding Graduate Student Anard, Deparment of Wildlife Ecology,
University of Maine.

FOSS, C.R. Received the New Hampshire Fish and Game Deparment and University of New Hampshire
Cooperative Extension 1995 Wildlife Stewardship Award.

FOSS, C.R. Received the General Federation of Women's Clubs-New Hampshire 1995 Centennial Conservation
Auard.

GILBERT, J.R. Appointed to National Marine Fisheries Sewice Gulf of Maine Aquaculture Pinniped Interaction
Task Force, 1995-96.

GILBERT, J.R. Appointed to National Marine Fisheries Service Harbor Porpoise Reduction Task Force, 1996.

GILBERT, J.R. Appointed to National Marine Fisheries SErvice Atlantic Scientific Review Group for Marine



49

[{ammal5, lp$J.

HUNTER, M.L., JR. Appointed !o the Board of Editors of Ecological Aprplications, November 6, 1995.

HUNTER, M.L., JR. Appointed to the Scientific Advisory Committee of the Joseph Jones Ecological Research
Center in Newton, Georgia, March 20,1996.

HUNTER, M.L., JR. Named 1996 Distinguished Maine Professor.

KROHN, W.B. Requested by Champion International to serve as a member of an interdisciplinary tean to
review Qhempion's Forest Stewardship and Susainability Initiative.

MORING, J.R. Elected President, Fisheries History Section, American Fisheries Society.

MORING, J.R. Served as Chair, the University of Maine [nstitutional fuimal Care and Use Committee.

MORING, J.R. Newsletter Co-Editor, Fisheries History Section, American Fisheries Society.

MORING, J.R. Appointed to on the Forestry Working Group for the Governor's Atlantic Sdmon Task Force.

RHYMER, J.M. Appointed to NSF Disseration Improvement Grants panel, January 1996.

RHYMER, J.M. Appointed to Wilson Ornithological Society Student Research Grants Committee, Febnrary
1996.

SERVELLO, F.A. Member of a design team developing mqnagspsnt plans for two wildlife/forest management
demonstration areas in Maine in co4iunction with Manomet Obsenmtory, Great Northern Paper, and S.
D. Warren.



 






