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PERSONNEL NOTES

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

BERT IROST received a Ph.D. and has accepted a position teaching Biology at the University of
Maine in Farmington. BRIAN GRAY completed the M.S. program and is working as a wildlife biologist
at the Kentucky Department of Fish and Wildlife Resources. CIIUCK KITCIIENS obtained his M.S.
degree and returned to work as a Wildlife Biologist for the Moosehorn National Wildlife Refuge in Calais,
Maine. TOM McCALL received an M.S. and is now working for the V/ashington Wildlife Department.
SARA OYLER coryleted the M.S. program and has been accepted as a Ph.D. student at Colorado State
University in Fort Collins. WILLHM ESCIIHOLZ completed his M.S. program and is a wildtife
biologist with PlunCreek Timber Company in Washington. After working and rearing a family, SARAH
STOCKWELL returned to finish her Ph.D. degree and resume her position with the Maine Audubon
Society. LII{DA WELCII was a Cooperative Education stude,nt with the U.S. Fish and Wildlife Service
and holds a position with them at their Old Town, Maine field headquarters. SCOTT WHITCOMB
received an M.S. degree and now holds a position with the Clinch Mountain V/ildlife Manageme,nt Area in
West Virginia.

MICIIAEL COLE received his M.S. in Taology in August 1994 md took a position with a conzulting
comPany in Florida. KARET{ HOCKETT completed her M.S. in May and is in the Ph.D. program ar
Virginia Tech. CATIIRYN ABBOTT received her M.S. degree at the University of Maine and is
continuing on for her Ph.D. in Zoology at Maine. DEBORAH MOREAU did not complete her M.S.
thesis and bas e,ntered the Mother of God Monastery in Springfield, Massachusetts.

RAY O\ilEN continued on sabbatical, serving as Commissioner of the Maine Department of Inland



vii

Fisheries and Wildlife. RAYMOND O'COI\NOR returned to his Univenity position after completing his

sabbatical with the U.S. Environmental Protection Agency in Corvallis, Oregon. MNilNE HORNE retired

in August 1994 from her position as the Administrative Assistant for the Cooperative Fish and Wildlife
Research Unit and the Department of Wildlife Ecology eftet 47 years of dedicated service.
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Oak Ridge National Laboratory

Environme'ntal Sciences Division
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Association of Graduate Students - AGS
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Hatch Act Funds - HAF
Mclntire-Stennis - MS

Department of TnologY -DZ
Maine Agriculhral and Forest Experiment Station - MAFES

U.S. Environmental Protection Agency - EPA
Environmental Laboralory, Corvallis, OR

U.S. Fish and Wildlife Service - FWS
Ecological Services
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PROJECT RE,FORTS

ENDAI{GERH) AND THREATEI.IED SPECIES:

Investigdtor:

.4dvisott:

Cooperuon/
Projea
Support:

Objeaivvs:

CONTAMINANT BIJRDENS AND REPRODUCTTVE RATES
OF BALD EAGLES BREEDING IN MAINE

L. J. Welch

W. B. Krohn, Co-chairperson
R. B. Orne,n, Jr. Cecbairperson
J. R. Moring
K. C. Carr, Ex-officio
C. S. Todd, Ex-officio

U.S. Fish and Wildlife Service

Maine Cooperative Fish and Wildlife Research Unit
Maine Departnent of Inland Fisherie.s aad Wildlife

l) Determine the production level of all knoum pain of bdd eagles breeding in
Maine.

2\ Evaluate relation$ips of contaminant residues in blood saryles from nesting

bald eagles with regiond variations in eagle productivity, variable trophic

status of the adults, and contaminant residues io poey from tbat area.

3) Determine correlations between mErcury residues in feathers and prey items

to blood levels of mercury in nestlings. I*vels will be compared to individual

nest site and regional productivity.
4) Identify the occurrence and residue levels of e,nvironmental contaminants in

unhetchd bald eagle eggs.

5) Derermine the current deviation of eggshell thickness from the

'precontamiwmt" era standard.

6) Determine correlations among contaminant residue levels in tissre samples

obtained fron eagle sarciasses to time of exposre (age of tbe bi$ md
regional variations in productivity.

SCOPE: In 1978, the bald eagle was classified as an endangered species in Maine and 42 of the other

contiguous states, and threatened in the renaining 5 states. At that time, environme,lrtal contarninents were

shown to be adversely affecting many of the eagle populations. Currently, Maine bald eagles have

reproductive rates 15-4O% lower than all other North American populations, and it is believed that

contaminants may still be responsible. Past studies of Maine's eagle population have found miquely high

levels of contaminants in rmhatched eggs.

PROJECTSTATIIS: All requirements for the degree of Master of Science (in Wildlife Management) were

co4leted in May 1994. An abstract of the thesis follows:
Contaminant investigations conducted on bald eagle (Haliaeetw lcucocqluhts) eggs collected in Maine

in the 1970's and 1980's reported significant levels of environmental contaninants. Many of these

contaminants heve beeNr correlated with reduced reproductive rates in bald eagle populations. Within Maine,

eegles have never reached the production level of 1.00 young / occupied nest, associated with healthy

po!ot"ti-". The Maine bald eagle population continues to exhibit reproductive rates consistently below
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levels achieved by all other major populations of eagles.
To determine current contaminant exposure in the Maine bald eagle population, eggs and ne,stling blood

and feather saryles were collected during 1991 and 1992. Saoples were qrrrlyzrd for organochlorine
pesticide.s, PCBs, TCDD-EQ and mercury. Brain and liver srmples were collected from eagles recovered
within Maine.

Q6qltorninanf residues and production rates varied significantly benveen hebitat t)?es. PCB and DDE
concentrations were significantly higher in nestlings sampled along the coast of Maine. In contrast, oercury
concentrations in both blood and feather s"mrles were significantly higher in eagle samples from inland nest
sites. Eagles nesting along the coast experienced significaotty higher ratas of production than eagles nesting
in interior regions of Maine.

Prey remeins collected at nest sites indicatod differences in diet coryosition between coastel and inland
nesting eagles. Piscivorous avian species, particularly gulls and cormolants, were frequently recovered
Q7 %) from coastal sites. Prey remains identified from interior nest sites indicated a diet of predominately
nsh QS%). DDE levels in addld eggs collected in Maine have deqeased significantly during the last 20
years. However' rercury concentrations in eggs have incrpased during this time period. Elevated levels of
conteminsnts were also recorded in brain and liver samples of known-age eagle carcasses recoverpd in
Maine.

Significantly elevated concentrations of mercury, PCBs, DDE, and TCDD-EQ were observed in the
Maine bald eagle Contaminant conce,ntrations obserrred in this shrdy exceed levels associated
with reduced reproductive rates in bald eagles. Results indicate tbat environmental contaminants are limiting
the reproductive capabilities of the Maine eagle population.

Investiguor:

.Advisors:

Coopaaon/
Projea
Suppott:

CONTAMINANT BI]RDENS AND ECOLOGY
OF BALD EAGLES NEAR ACADIA NATIONAL PARK

A. C. Matz

R. B. Orve,n, Co-Chairperson
A. F. O'Connell, Co-Chairperson
D. J. Harrison
W. E. Glanz
W. B. Krohn
C. A. Todd, Ex-officio

University of Maine -
Departme,nt of V/ildlife Ecology

National Park Service -
Cooperative Park SMies Unit
Maine Department of Inland Fisheries and Wildlife
U.S. Fish and Wildlife Service

1) Measure contaminant levels in eggs, chicks, adults, prey ilems, and sediments
or sessile marine animrls wirhin nesting territories of bald eagles on Maine's
central coast.

2) Describe disturbance stress, winter stress, home range and foraging areas for
selected ne.sting pain.

3) Relate all factors to eagle productivity using a multivariate analysis.

Objeaivvs:

SCOPE: The reproductive rate of Maine's eagles is lO4O% below rates of other populations.
This 4-year, Ph.D. level study will attempt to identify factors responsible for low productivity in coastal
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eagles. Contaminants ercr a rnrin focus, as fis shrdy follows a2-yat U.S. Fish and Wildlife
Service/University of Maine study which formd extremely high levels of persiste' t coryormds @CBs and

organochlorine insecticides) in coastal eagle nestlings.

PROJECT STATUS: The 1994 (May tbrough August) field season uas used to collect blood sanples from
nesting eagles md relocate previously radio-tagged adults. Feather saqiles, age and sex mssurem€nts wer€

collected from each bfud handld. Prey r€mains were collected from each nest site, and several specinens of
seal blubber were collected for future contaminants analysis. Obserrrations on 3 nests yielded data about

disturbance factors and provided a foundation for firther study.

ruTURE PI-/NS: Saryles collected for colrtaminmts analysis wil be analyzd by USFWS Patuxent

Analytical Control Facility. Three rnore full field seasons are anticipated, with project completion occurring

in December 196.

FISMRIES RESOT]RCES:

Invustigator:

'4dvison:

Coopaators/
Projea
Support:

Objeaivvs:

THE EFFECTS OF COVER AND A MODEL KINGFISHER
ON THE ANTI-AVIAN PREDATOR RESPONSE

oF IIIVENILE ATLANTIC SALMON (SALMO SArltR'.)

K. S. Hockett

J. R. Moring, Chairperson
W. B. Dou/se
W. E. Glanz

U.S. Fish and Wildlife Service -
WO, Fderal Aid

l) Document the response availability of salnion smolts to potentid avian
predation.

2\ Test the retention of the learned response by hatchery-cultivated Atlantic
satnon.

SCOPE: Double+rested cormorants are knorryn predators of Atlantic salmon smolts. Survival of Atlantic

salmon from smolg to retuning adults averages 0.6%, or less, in the Penobscot River, and part of this

nortdity may be due to predation by aquatic birds during the doumstream migration. This project

docuoents the susceptibility of smolts to in-river predation by cormorants and other bird predators and

whether tbe avoidance response is lost in the continued absence of cover by using a series of laboratory

experiments and challenges.

PROJECT STATUS: All requirercnts for the degee of Master of Science (in Zoology) were completed in
May 1994. An abstract of the thesis follows:

The behavioral effects of rearing Atlantic salmon (Salmo salar) pan under varying conditions of
environmtal coqlexity (black substrate and PVC pipes) and different activity levels (none, human

disturbance, bird modet) were sssessed with a 3 x 2 design. Observations were made on sixty parr reared in
each of the six treatments for 47 days. Success of the training, neasured by the shelter seeking iend€'ncy,

was evaluated by simulating a stocking event into a stream tank. Fifteen individuals and six groups of seven
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fish were tested for each treatment. After 20 minutqs in the strcam tank, a bird nodel was 'flown' over in
order to observe the fright reaction of the fish. The behavior of the fish r€ercd under different conditions
was coryared to document the effects on the anti-preda8or response.

Fish in the human disturbeace treatments habituated to overhead disturbance. Shelter use by fish in the
human activitytover treatment peekd srirhin the first ten days and then steadily d€clined. Model-cover
treatm€nt fish incressed their shelter use rnors slowly, gut m.intained a high level of use throughout the
haining Period. The no-activity fish used shelter less (P<0.001) than did fish in the human and model
treahnents. After dishubance, fish in the human md nodel tnestn€nts used significantly greater cover
(P<0.001). Fish in the mdel treatment used cover more @(0.001) after disturbance than did the human
treatment fish.

Fish in the cover treatments spent a greater time settled ot the subshate tban did the nocover fish,
after transfer to the skeam tank (P<0.001). Cover treatment fish also used shelter (PVC pipes) and black
more tbm did the ilHover fish (P<0.001). Fish in all treatments increased their time seitled following
model presentation (P < 0.05).

Fish in the model-cover treatment response to the model most similarly to the observed fright reactions
of wild parr. These salnon remained stationary if they were akeady settled and sank to the bottom, without
darting, if they had be€n swinning. Fish in the other treatments darted much more before settling, and
some did not rcspond !o the model.

Fish in grcups were much more active than were individual fish (P<O.OOO1). Individuals also spent a
greater time in shelter than did the group fish (P<0.01).

The maintenance of high shelter use by the cover treatment fish after transfer suggests that survival may
be increased on providing some form of cover in rearing rrnks. The high level of activity by the trcoV€r
treatments and fish in groups would decrease survival by increasing visibility of salmon to predators.

SIJMMER MOVEMENTS AND HABITAT USE BY THREE SIZE CLASSES
OF SMALLMOUTII BASS (MICROPTERUS DOLOMIEUI IN GREEN LAKE, MAINE

Investigator:

,4dvisors:

M. B. Cole

J. R. Moring, Chairperson
W. B. Krohn
W. E. Glanz

Maine Department of Inland Fisheries aad WildlifeCooperaorc/
Projea
Support:

Objeaives: l) Follow daily and seasonal movemts of smallmouth bass in several lake.s.
2) Examine the role of larger bass formd io d""p waters.

SCOPE: It is believed that a segment of tbe smallmouth bass population in lakes may be included in
surveys or may be utilizing hebitat "'rnaged for other species. The project involves radio

tracking smallmouth bass in Green kke to examine daily and seasonal patterns at the time of qpauming,
during sullltner, and in the fall. Fish were tagged during the spawning time in late spring, and tracked into
fall 1993-

PROJECT STATUS: All requirements for the degree of Master of Science (in Zoology) were completed in
August 1994. An abstract of the thesis follows:

Fisheries m4nagers utilize SCUBA to cormt srallmouth bass (Microptents dolomieu) in lakes during the
srunmer months in Maine, separating the obsen'red bass into tbree size classes. The.se data are used to
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estimate size coryositions of smallmouth bass populations. Such estitnates Day be biased if the size

coryosition of the bass encountered by SCUBA divers is not representative of the entire population.

Knowledge of how surnnpr moveln€nts and babitat use 8re related to fish size is important in determining

whether a bias occurs. This study radio-tracked 44 adult smallmouth boss of three different size class€s to

investigate the effect of fish size on summer movements and babitat use. Radio-tagged bass were trackd
through the srmer of 1993 on Green I:ke, Hancock Cormty, Maine.

Size class affected depth use druing the late sumtrrer (July 15 - Sept€nber 1) tracking period. Large

(>406 mm) smallmouth bass usd deep water (>8 m) morc often thm did small (248 mrn '219 nm) bass

(p : 0.009) or medium-sized (305 nm - 356 -'n) bass Cr : 0.0130 during the late srunnrer. krge tnss

also used niddepths (4-8 m) significantly (p : 0.037) more often tben did small bass during the late

stllnlller.
Cover use was also related to bsss size class. Snall bass used cover more frequently (p < 0.001) than

did large bass during the early summer tracking period (Jrme 10 - July 13). Both small and medium-sizrd

bass used cover more frequently than did large bass during the late summer tracking period (p < 0.001' p
: 0.007 respectively).

Movement distances varied among smallmouth bass size classes. Smalt bass had significantly smaller

total ranges than did large bass (p : 0.004). All three size classes showed significantly different mean

active displacements : 0.045, poldichsse : Q.o32, prltsbtrp < 0.001). krge smallmouth bass

were located qrirhin residence areas less often the'. were snall (p < 0.001) or medium-sizd (p < 0.001)

smallmouth bass.

krge radio.tagged smallmouth bass were less visible to SCITBA divers tha" were radio-tagged small

boss dgring the early sw111ner tracking period (p : 0.036), and were less visible than were both snaller size

classes during the late sumnler tracking period (pr'.r-u : 0.0(X, purendi' : 0.0O7). Proportional stock

d€nsity (PSD) estinates geoerated by SCIJBA counts changed little when adjusted by early suruner or liate

suomer visibility scor€s. Relative stock d€nsity (RSD) wes rrore than doubled when it was adjusted by late

summer visibility soores, indicating that a significant RSD bias may <rccur if SCUBA couots of smallmouth

bass populations arc made after adults have completed sparming and nest gruraing. SCUBA counts of
smallmouth bass populations should be made early in the zummer, when water temperatures are rising from

15 to 2SC, and snellmouth bass are qpawning and nest guarding.

POPI]LATION STIJDIES OF MAINE INTERTIDAL FISHES

Investigaor: J. R. Moring

Cooperuors/
Projea
Suppon:

Objeaives:

University of Maine

l) Identify environmental conditions associated with arrival and departure of
fishes in the intertidal zone.

2) Identiff and quantif dgal and food associations of intertidal fishes.

3) Develop a species checklist of Maine tidepool fishes.

SCOPE: Intertidal fishe.s are rmique members of the intertidd ecosystem. Tidepools serve e nurs€ry

fimction, and yormg of economically important offshore fishes utilize tidepools as refuges and nurseries.

Because of specific algal and habitat associations, these fishes can be susceptible to environmeirtal

contaminants in coastal watetrs, both of a direct aod indirect nature.

Surveys since 1979 have identified 23 species of tidepool fishes in Maine. The movemens of the rock

grmnel have been examined in marking shrdies, and algal associations end food babits of lunpfish and

ail-ti" seasnails have bee,n quantified. Three study pools on Schoodic Peninsula have been shrdied since
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1981, and work has dso involved the first desciption of rock grmnels as the first intermediate host of the
digenean fh*e, Cryptocotlc lingw.

PROJECT STATTI.S; Experiments with moverents ofjuve,nile gnrbbies, shorthorn sculpins, and lumpfish
are ongoing. One paper on the zubject was published in 1994 and a seminar was presented. In addition, an
invited paper was presented at a special Int€rtidal Fishes syryosium held in conjunction with the Annual
Meeting of the Americen Society of Ichthyologists and Herpelologists.

FWURE PU/0I S: Work dealing with intertidal movenents of sculpins will continue in 1995, along with
experiments on Atlantic seasnail feeding and innovative fish narting lechniques. Additional manuscripts are
being F€pared.

I]PSTREAM MIGRATION OF ATLANTIC SALMON IN TIIE PENOBSCOT RIVER

Inve*igaor: S. L. Shepard

'Advison: i:lff.:#i;,r@
I. D. McCleave

Coopouors/
Projea
Suppon:

Objeaivv:

Bangor Hydro-Elechic Company

Document and correlate environmental factors influencing upstream movements of
Atlantic salmon.

SCOPE: Even with adequate fish passage facilities, upstream-migrating adult Atlantic salmon are delayed by
each dam. Howevetr, it has not been documented whether part of these delays may be due to environmental
factors nrch as streamflow. Using radio telemetry, this project correlates the movemeirt patterns of salmon
with messureme,nts of environme,ntal parameters.

PROJECT SMTUS: Salmon were tagged and monitored in 1990, 1991, and 1992. Anzlysis of data is
underrvay.

FWURE PL/NS: An M.S. thesis is expected in May 1995.

REFINEMENT AND TESTING OF TIIE HABITAT SUITABILITY
INDEX MODEL FOR ATLANTIC SALMON

Investigator:

.4dvisors:

D. A. Moreau

J. R. Moring, Chairperson
D. L. Parrish
J. G. Trial
H. B. Dowse

U.S. Fish and \Mildlife Service - CAFRLCooperators/



Projea
Sttpport:

Objeaiws:
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Penobscot County Conserrration Association
New England Salmon Association

1) Incorporate lorv-flow data into the existing Atlantic salmon Habitst Suitability

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

Maine Oegatnent of Inland Fisheries and Wildlife
Maine Cooperative Fish and Wildlife Research Unit

Coryale growth, zurvival, and angler return of stockod spring yeading brook trout

and wild brook trout in waters with heavy competition and waters with linited
competition.

Index (HSD model.
2) Measure babitat peraoeters for adult cover, aDd test a model.

SCOPE: Habitat Suitability Index models are commonly used for evaluating habitat caPacity to zupport

various species of animals and to use in coqiunction with mitigation projects aod environme,ntel assessmetrts.

The current model for Atlantic salmon is non-fimctional bause several asp€cts of habitat need to be

included and test€d. This project incorporafes existing low-flow hsbitat information and measures and tests

habibt data for adult holding aleas.

PROJECT STATIIS: Data on sdult holding af,eas were collected from obcervations of Atlantic salmon on the

Dennys River, near De,nnywille, Maine during summer 1990. Because of the relatively low nunbers of
salmon elrtering the smaller rivers in Maine, additiond measurements of salmon were made in streams in

New Brunswick in August 1990, and during May-October 1991. All field work has been completed and the

nodel has been developed.

NITURE PIJNS: The thesis was not completed, but a final r€port was issued in January 1993. Habitat

data for HSI model development were collected in 1991 in Dungan'on and Big Salmon rivers, New

Bnmswick. The model is based on teryerature in the pools, naximun pool depth' perc€Nrt instream cover,

and the proximity of spawning babitat. Due to physiologicd constraints, temp€rature is a limiti"g factor.

Except ufien teryeratures exceed 28€, the llabitat Suitability Index of a pool is the arithmetic mean of the

suitability indices of naxinum pool depth, perc€nt instream cover, and proximity of qpawning habitat.

GROWTI{, SURVTVAL, AND PERFORMANCE OF STOCKED
AND WILD BROOK TROIN IN LAKES WTTH HEAVY COMPETITION

Investigator: C. F. Hartl€b

,4dvisow:

Cooperaton/
Projea
Suppot't:

Objeaive:

SCOPE: The State of Maine currently stocks yeading brook trout in bodies of water where angling demand

is high, but where competition from other species (smallmouth bass, yellow perch, white perch, zuckers,

chain pickerel) may make such use cost-ineffective. There arie no data on survival or performance of such

stocked fish in these marginal wal€ls, but this policy is relatively common in southe,m and central Maine.

The snrdy involves a sampling prognm in several lakes to analyn growth of brook trout and food habits of
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trout and competing species over two seasons. Identified will be excluded from one lake where
spring yearling brook hout will be stocked. Growth rates and survival will be coryared.

PROJECT STATUS: The second field season has been coryleted md analyses of extensive sarylas will
continue over the winter.

FWURE PLTNS: A third field season will comnence in late qpring 1995 !o exanine biomanipulation and
the role of coryetition. A Ph.D. dissertation is expected in May 1996.

COMPETMON BETWEEN WHITE PERCH AND
ILLEGALLY-INTRODUCED BLACK CRAPPIE

Investiguor: A. P. MaddeNt

,Mvisor: J. R. Moring, Chairperson
J. G. Trial
W. E. Glan"

Maine Depadnent 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 inhoduced into several waters 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
smallmouth bass and cbain pickerel. Black crappies have successfully reproduced and the population
numbers have increased substantidly, apparently to the detriment of white perch. This project examines the
impact of this introducd centrarchid on the native white perch.

PROJECT STATUS: \\e project has just begtm, with field work scheduled for 1995. A Master of Science
degree is anticipafed for May 1996.

HABITAT RESIOI]RCTS:

EFFECTS OF DIGESTIBLE ENERGY COT.I.TE}TT OF WINTER FORAGES ON
WHITE-TAILED DEER NUTRITIONAL ECOLOGY: IMPLICATIONS FOR

MEASI,]RING FORAGE AVAILABILITY IN DEER WINTERING AREAS

Cooperaorc/
Projea
Support:

Objeaive:

Invvstigator:

,Advisors:

Coopaators/
Projea

P. B. Gray

F. A. Servello, Chairperson
M. R. Stokes
R. L. Dressler

Mclntire-Stennis
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Support:

Objeeives: 1) Determine relationships between diaary digestible enetgy content and

digestible energy and nitrogen intake for white-tailed deer fed winter
diets.

2) Deternine interspecific md intraspecific variation in the nutritiond
quality of winter forages.

SCOPE: Manre spnrce-fir forest stands are critical winter habitat for white-tailed Mr (Odocoilcus

irginianw) in Maine. ffus high vdue of timber on these sites provides an op'portunity to integrate the

mmsgem€nt of timber r€sour€€s aod deer wintering habitat. Howev€f,, the relative value of timber
harvesting nethods for iryroving shelter and foraging habitat for deer in wintering areas is poorly

rmderstood. Assessing the value of timber harvest rela,tive !o deer nutrition requires aa rmderstanding of
forage qumtity md quality variation in wintering areas and its relatimsbip 30 deer nutritional limitations.
The purpose of this project is 3o asssss diet quality in wintering aress and to detemine limitations of deer

for using poor quality winter diets.

PROJECT STATUS: All requirenents for the degree of Master of Science (in Wildlife Management) were

coryleted in December 1993. An abstract of the thesis follows:- Winter is a critical period for white-tailed deer (Odooilcns irginianw) in Maine because they are

confined to winter habitae where food availability is low. I studid relationships between the digestible

€nerg:t' @E) content of winter diets and the intake of food, DE, and nitroge' by white-tailed deer. Eight

diets that were coryosed of winter forages and that varied in DE content were fed to 9 captive deer in 4 sots

of in iw digestion trials. Digestibte energy cont€nt of the forage dias raaged from 1.95 - 2.39 kcaUgram.

Dry matter and DE intake were positively and linearly related to dietary DE content (PS0.0l). Digestible

energy intake on the browse diets uas 36-88% of maintenance requirements (158 kcaUkgf'-/day), and I
estinated tbat deer consuming these diets would lose 7.8-42.8% of their inifi fall weight over e 9Gday

wiDter period. Food availability io wint€( habitats Sould be measured relative to dietary DE cmtent
because of effects on food intake.

Thirt€€Nr common winte,r deer forages in Maine were studied for interspecific and intraspecific

variation in forage quatity @E, protein, tannin phenolics). Digestible earer:gl content of the forages rangd
from 1. 18-2.85 kcal/gram. Crude protein rangd from 4.G7.6 % and tannin phenolics from O.O - 7 .07o.

Shade, past browsing, and plant size had little effect on the nutritional quality of winter forages. Twig
diaoeter was negatively related (P < 0.01) !o digestible energy (kcal/g), crude pro0ein (%>, ad tannin

pheoolics (%) but related (P < 0.01) !o neutral detergent fiber for 3 hardwood browses test€d.

When evahnting food and energy availability in winter habitats of doer, variation in forage quslity due to

species and Wig diaoeter should be considered !o determine the availability of forages from a nutritiond
perspective.

Investigalor:

.Idvisorc:

MOOSE ACTTVTTY IN CLEARCUTS AFTER
CONIFER RELEASE WTIII GLYPHOSATE

W. E. Eschholz

F. A. Servello, Co-Cbairperson
W. B. Krchn, Co-Chairperson
J. R. Gilb€rt
R. D. Briggs
M. L. McCormack, Jr.
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Coopauon/
Projea
Support:

Objeaives:

Maine Cooperative Forestry Research Unit
Maine Cooperative Fish and Wildlife Research Unit
University of Maine

l) Deternine if moose activity differs between glyphosate treated clearcuts
and rmtreated cleffcuts l-2 years post-treatment and 7-10 years post-
treetm€nt.

2) Deternine the effects of landscape scale habitat characteristics
on moose hsbitat use in gllphosate treatd and untreated
clearcuts.

3) Deternine the effects of Sand characteristics on
trxlose use ofglyphosate treated clearcuts and untreated stands.

K. S. Raymond

F. A. Servello, Chairperson
W. B. Krohn
J. R. Gilbert
R. D. Briggs
M. L. McCormack

SCOPE: Early seral forest corrrmrmities created by clearcutting provide large quantities of hardrvood browse
for moose. Herbicides are applied io clearcuts in Maine to suppress hardwood vegetation and hasten growth
of coniferous tr€es. Use of herbicides in forest management is a zubject of public con@rn because of
rmcertain effects on moose habitat. Glyphosate, trade name Roundup, is the most commonly used herbicide
for conifer release in Maine.

PROJECT STATUS: All requirements for the degree of Master of Science (in Wildlife Management) were
coryleted in December f993. An abstract of the thesis follows:

Forestland in northem Maine is typically treatd with the herbicide glyphosate several years after
hervest. This treatment reduces hardwood regeneration, the primary winter food of noose (Alces alces), and
therefore may negatively affect moose populations in the state. There is a possibility that glyphosate may
eventually iryrove browse and cover conditims for moose as the stand develops (coryared 3o rmtreated
clearcuts). I t€std this hlpothesis by sMying the effects of glyphosate application on moose activity and
wint€r cover cheracteristics at 2 stages ofstand development I and 2 years post-treatmeirt and 7-10 years
post-heetment. Tracks of foraging moose and bed cormts werc 340% and 488 % grealer (Ir < 0. l0),
respectively, on rmtreated clearcuts (n : 6) tbm treated clearcuts (n : 6) at I and 2 yats post-treatment,
but thete wer€ no differences in winter cover. Tracks of foraging rloose and bed counts were2l9% end
2W% grerrter, respectively, on the treatd (n : 6) clearcuts than the rmtreated clearcuts (n = 5) at7-l0
yeers post-tres@nt. Conifer ste,ms )2m, which provide winter cove,r, we,re deoser on the treated clearcuts
at7-l0 years post-treatm€,lrt and may explain the greater activity on the treated clearcuts. In general, moose
activity was greater on older clearcuts than the yorlng€r clearcuts, likely because of greater protective cover
(conifer ste{ns )2m) on the older sites. These results suggest that glyphosate tr€atment reduces the
suitability of recently treated stands for foraging and bedding activity, but that gllphosate treatment
improves foraging and bedding habitat later in stand developrent (7-10 years post-treatm€Nrt).

EFFECTS OF THE HERBICIDE GLYPHOSATE ON TI{E WINTER
NUTRITIONAL ECOLOGY OF MOOSE IN MAINE

Investigator:

.Mvisors:
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Cooperaon/
Projea
Support:

Objeaives:

Maine Cooperative Forcstry Research Unit
Maine Cooperative Fish aod Wildlife Research Unit
University of Maine

l) Determine effects of glyphosate on wintor browse and digestible fiergy
availability for moose at 1-2 and 7-10 years post-heatment.

2) Determine effects of gllphosate on winter broqrse utilization and diet
quality for moose at 1-2 and 7-10 years post-tneatment.

SCOPE: The he,lbicide glyphosate is used extensively in forest manage,ment after clearcutting 3o conhol

harclwoods and promoie softrvood Moose feed prinarily on hardrvoods in winter and must

neintain s high food intake to coryensate for low energy content of browse and increased energy

rcquirements during this time. Consequently, glyphosate may significantly affect food intake and diet
quality for moose. However, the effects of gllphosate on Eoose nutrition rny vary as the stand regeNrerates

from tr,eatment.

PROJECT STATUS: All requirements for the degree of Master of Science (in Wildtife Manage,ment) were

completed in May 1994. An abstract of the thesis follows:
The herbicide glyphosale is sprayed on te,ns of thousands of acres each year in northern Maine to

suppr€ss hardwd regeneration and promote conifer growth after clearcutting and may affect the

availability, utilization, and qrulity of winter brorvse for moose (Alces alces). By saryling 24-40 plots on

each of 31 sites, I studied the effects of gllphmate (Rormdup) treatmeNrt of nanrally regenerating clearcuts

on winter browse availability and utilization at 2 stages of stand developmeirh 1&2 and 7-10 years post-

spray. I also shrdied the effects of gllphosate on browse quality in the second winte( post-spray. Available

biomass of deciduous browse decreased e < 0.001) 7O% on sprayd clearcuts relative to unsprayed

clearcuts from pre-spray to 2 years post-spray. At 7-10 years post-treatme,nt, available biomoss of deciduotts

browse did not differ (P : 0.289) between sprayed and rmsprayed clearcuts of similar age. Availability of
deciduous browse did not differ on sprayed clearcuts 2 md7-lo years after treatment, but on similarly-aged

rmsprayed clearcuts itwas 66% less later in stmd development (P : 0.0O4). Patte'ras of deciduous brorvse

availability rela,tive to forage quality were similar to that of total deciduous browse. Moose consumed

<21% of the available deciduous browse. Perceot use of deciduous brourse did not differ @ '0.236)
betrveen spreyed and usprayed clearcuts from pre-spray !o 2 years post-sprey. However, at 7-10 years

post-treatment, perc€nt use of deciduous browse was 5x grcater (P : 0.036) on sprayed clearcuts than on

rmsprayed clearcuts of similar age. Percent use of deciduous browse was similar @- : 0.202) 2 nd 7'lO
years after treatnent for both sprayed and rmsprayed clearcuts. Preference for deciduous browse species

generally did not change e > 0.10) after spraying. Moose did not show any detectable difference @ :
O.l0) in ptefere,nce among deciduous browse species either and use was generally in proportion to

availability. Digestible €nergy and tannin levels of sprayed paper birch (Baula papyrifera) twigs were

stghtly lower @ < 0.10) than those of unsprayed trrigs despite similar size. Prolein levels did not differ @
> O.1O) betrveen sprayed and unsprayed paper birch twigs. Diet quality levels of nroose did not change @
> O.l0) sfter treatm€nt and were below maintenance rcquirements. The effects of glyphosate on availability

of deciduous browse are dynamic and the ultimate result on moose nutrition depends on the interspersion of
clearcuts of different age classes and treatment t)?es across the landscape at any giv€n time.



Invvstigatorc:

Cooperaton/
Projea
Support:

Objeaives:

t2

A LONG-TERM FOREST ECOSYSTEM STIJDY

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

Holt Woodlands Rasearch Foundation
Mclntire.Stennis

1) Describe the struc.ture of the plant and animal communities in an oak-pine
forest ecosystem-

2> Investigate the effect of woodlot managernent on commrmity stnrcture.
3) Docume,nt phenological, interannual, and long-term chaoges in commrmity

structure.

SCOPE: Thousands of people onm woodlots, and they conhol e resouree that is not currently being
adequately managed despile a growing demand for forest products. To many landonmers, pertaps most,
economic return from timber extraction is secondary to considerations such as recreation, aesthetics, and
wildlife. In the absence of management advice, these people often choose not to manage their land at all.
Thus, thetp is a geat need for information on how to m,m4ge small woodlots, particularly in ways that
naintain or e,nhance wildlife and sirnilar values.

This study is being conducted for 20 years on a 120 ha, r€d oak-white pine woodlot in Arrowsic,
Maine, called the Holt Forest. We have selected a 40ha tract and divided it into forty l-ha blocks with 20
ha sen'ing as a control area and 20 ha as an experimental area.

Our primary objective is to describe the stnrcturc of the plant and animal community. We are
undertaking (l) a lffi% inventory of trees (> 10 2 cm DBII) and intensive inventories of tree regeneration,
(all trees are being individually numbered and, on 12 tracts, napped); (2) a coryleie description of the
vascular plant vegetation using the relev6 technique; (3) an inveirtory ofall breeding bird territories; (4)
transect surveys of nonbreeding birds; (5) smdl mammal trapping; (6) salamander qgadrat couts; (7)
observations of reproductive efforts (flowering md furiting) for 13 herb and shrub species; (8) estimates of
seed and fruit production; (9) ge,neral surveys of canopy insect abun&nce; and (10) meteorological
observations. The.se data, largely population estimates, are integrated by area rmits (usually O.25 ha blocks)
and "nalyzed to portray the forests' community structure. After five years of gathering baseline data, in
1987 we began managing the experime,ntal area with three objectives: (1) increase wood production; (2)
increase wildlife diversity and abrmdance; and (3) naintain the forest's ae.sthetic value. By continuing to
monitor populations and processas, we san attain the second objective. Over the course of 20 years, we will
begin to rmderstand how the commrmity cbangas seasonally and from year to year; this is the essence of the
third objective.

PROJECT STAITIS; In 1994, tasks 3, 4, 5, 6,7, 8,9, and 10 as outlined above, were completed, and a
study investigati'g the vegetation oftree fall gaps, ledge openings, and patchcuts and how they influence
predation on bird nests was continued.

FUTURE PLTl;l/S: The 1995 field season will replicate the 1994 field season with additional work on
salarnander distribution and abundance, snags, rd oak regeneration, and forest gap dynamics and their
effects on forest understory plants.
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EF'FECTS OF IIEAVY METAIJ ON FISHES AND EAGLES
OF TI{E NORTIIEASTERN IJNITED STATES

Investigaton:

t$visors:

Cooperatorc/
hojea
Support:

Objeaive:

C. C. Abbott
D. M. Eignor
T. A. Haines
R. W. Perry
M. W. Powell
C. P. Stafford

T. A. Haines, Chairperson (for Abbott, Eignor, Powell, Staffod
I. J. Femandez
S. A. Norton
J. R. Moring

USDI National Biological Sunrey

National Fisherie.s Contaminant Research Center -
Columbia, MO
ketoum Science Ce,nter

Anzlyzn aspects of heavy metals in waters of northern 1rfsrv Fngland and the
polential influence on fishes and bald eagles.

SCOPE: High concentrations of mercury bave been formd in fish and wildlife in locations remote from
industrial discharges or m€rcury-baring rock. Such conditions have bee'n docume'nted for fish and bald

eagles in Maine. Atnospheric deposition of mercury emitted to the atmosphere fron fossil fuel combustion,

refuse incineration, or industrid processes and deposited with rain and snow is believed to be the major

source of mercury to these arcas. The problem occurs primarily in areas where waters are low in acid

neutralizing capacity. Other faclors such as acidification, construction of impoundments, and increased

tenperature may increase bioavailability of mercury. Conversely, treatment of waters with litne may reduce

bioavailability. In order tro manpge this threat, information is needed on the source of mercury, the factors

that control bioavailability, and possible remedid techniques.

PROJECT STATIIS: Project has ended. One M.S. thesis was coryleted in May 1994, abstract follows. A
second thesis is anticipated in December 1994, alrd a third in May 1995. Alt require, ents for the degree of
Master of Scielrce (in Zoology) were coryleted by C. C. Abbott in May 1994. An abstract of the thesis

follows:
The effects of whole watershed acidification on mercury concentrations in soil, soil water, stream

water, and brook trout were sftdied at the Bear Brook paired watersheds in Maine. We.st Bear was

experine,ntally acidified via aerial application of ammonium sulfale (391 kg/ha), and East Bear was a

reference. Research focused on the interaction of mercury with organic matter by meazuring the

concentration of organic matter in soil, soil water, md stream water. Mercury in wet precipitation averaged

7.88 ngAiter, resrrlting in a deposition rate of 7.0 x 106g/mlear. Mercury concentrations were significantly
higher in soil and soil water in the O (organic) horizon than in the B (mineral) horizon. Mercury
conc€ntmtions were significantly higher in O horizon soil water rmder softrvood canopies than under

hardwood canopies. In Vfest Bear, mercury concentrations in O horizon soils were significantly higher
under softwoods than under hardwoods. In B horizon soils, mercury concentration was sigaificantly
positively correlated with elevation and higher conc€Nrtrations of mercury were formd in West Bear relative
to East Bear. Mercury concentrations were highly correlated with dissolved organic carbon (DOC) in stream

water, zuggesting that mercury may b to the stream by organic matter. Although more mercury

was deposited on East Bear, mor€ mercury was retained in the soils of West Bear. Mercury and DOC
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concentratioos wene significantly higher in East Bear Brook. Concentratims of mercury in brcok trout were
negatively correlated with condition factor, and were significantly higher in fish harvested in the fall than in
the spring. Fish harvested in the fall from Fast Bear were significantly higher in mercury than ftsss fro6
West Bear. Treatment may be decreasing the export of organic matter (and thereby mercury) from West
Bear, reducing the amormt of mercury available in stream water for nethylation and uptake by fish.

QUANTIFYING TIIE RELATIONSHIP OF FOREST MANAGEMENT TO MAINE'S
MARTEN HARVEST WIilI A GEOGRAPHIC INFORMATION SYSTEM

Inwstigator: T. P. Hodgmao

Coopaators/ University of Maine
Project Maine Image Analysis Laboralory
Support: Maine Oeparrent of Inland Fisherie.s and lVildlife

Objective: Examine the relation$ip between Maine's maf,teNr barvest and trapper access and
habitat type.s using spatial analyses.

SCOPE: The remote habitat occupied by pine mart€ns (Martes ameriwu\ has offeled some protection from
overexploitatim. However, continued construction of logging roads has provided marten happers with
access to previously inaccessible areas. Past studies on the effects of trapper acoess on Maine's marten
hart/est did not account for nisreporting the location of capture nor the spatial arangem€nt of habitat typas
and forest roads. To oversorDe these linitations, towns will be $ouped by geographic region; marten
hen'est, trapper access, and habitat data will be sumnarized by these toumship clusters. Also, a supervised
classification of a 1986 kndsat TM image ('leaf on') will be used to identify habitat t)?e,s. This
classification will be part of a GIS, which also include,s roads aad township borders for approximately 75
lonmships in northern Maine. After removing the area occupied by usritable marten habitat (i.e., water,
clearcut, etc.) in each tormship cluster, comparisons will be made betwee,n the harvest of marten and the
anormt and spatial arrangement of forest roads and habitat tnes.

PROJECT STATUS: Processing of satellite inagery is corylete. A databese of primary and secondary
roads for the entire study area is complae. The road database bas be€n broke,n into regions and hard copies
generated for each. Maps and./or photos to be used for editing the database have been acquired for all
toums. Editing the road datebase is rmderway, approximately 12 townships have been completod.

FUTIIRE PI'4NS: Editing should be coryleted by late 1994. Analysis of harvqst, accqss, aod habitat data
will be performed in late 1994 and early 1995.

SEED PREDATION BY SMALL MAMMALS ON
THREE TREE SPECTES IN SOUTI{ERN MAINE

Investigator:

Advbors:

K. E. McCracken

M. L. Hrmter, Jr., Chairperson
W. E. Glanz
D. J. Harrison
R. J. O'Connor
A. S. White
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Cooperuors/
Projea
Snpport:

Objectivu-s:

Holt Woodlands Research Foundation
University of Maine

1) Determine whether int€nsity of seed predation varies among habitats
(continuous forest and four types of forest gap).

2) Deternine y[is[ mimels are relatively morc effective at removing three
qpecies of ree soeds (i.e., 'small' rodents [mice md voles]' 'l8rge'
rodents [squirrels], or other potentisl avian and mannalian seed

predators).
3) Investigate other possible correlales ofseed predation (i.e., seed size, seed

preference, time of day, lunar cycle).
4) Investigate the response 6f srnn[ malnoals (population levels, animal

condition) !o temporal and spatial vsristion in seed fall.

SCOPE: Mmy species of small mammllg in teryerate forests depend on tree seeds for a srbstantial portion

of their diet. Thus, t€ryoral and spatial variation in s€ed fall may proformdly affect animal condition,

reproduction, md srrvival, resultrng in draoatic intra- and inler-aonual fluctuations in population levels.

This stndy slemines how teryonl and spatial variation in sed fall of three species of trees [rd maple (Aer
rubnmfi, northern red oak (Qucras ruhrO, and white pine (Pizzs stobw)\, affect small rnemmal

populations in the Holt Forest, an oak-pine ecosystem in southern Maine.

PROIECT STAZ|IS: Three field seasons have been completed. For two years, removd rates of red maple,

r€d oak, and white pine seeds were monitored during their respective periods of seed fall, in five habitat

types Qedge, dead tree, and small hanrest gaps, matched by size; large bawest gaps, and forest), and in four

ttotn""t regimes (seeds on the open grormd, or in a wire cage, with one section tbat excludes all
mrrnmdian and avian seed predaton, one thgt allows access to mice md voles only, and one tbat dlows

access to mice, voles, and larger m4mmdian seed predators, primarily chipmrmks md squirrels). This was

again replicated with red maple seeds in Juoe 1993, and was replicated at a srbset of sites with rd oak and

nrhite prne seeds in October. la, Lggz, rates of seeds removed nocturnally versus diumally were monitored

for three days io substantiate the observed pattems. In lale August, small mammal abudance at

experime,ntal sites rvas quantified by four nights of trapping during all three years.

Removal rales of red maple seeds bave be€n nonitor€d all tbr€e years in large hanrest gaps md
continuous forest, during full md neily-mq)n periods, to test whether small memrnals shift their foragng

nicrobebitat to sites with more cover (rmder a bush ven$xl three Eeters away) as ambient light increases.

la lgy2, red oak acorns and whiSe pine seeds were placed together in trays aod covered with 3 cm

of sand 30 deSermine which specias was preferred.

Other aspects of seed predation investigated include effects of: 1) acom size, and 2) preference of
seed prodators for oak or pine seeds, on rates of seed removal.

Ten years of data from the Holt Forest are currently being andyzed to assess the de'nsity resPonse

and animal weights (as an index of condition) of small mrmmels to t€ryoral and spatial variation in s€ed

fall.
An additional set of experimsnts was designed for October 1993 hsed on preliminary results from

oalysis of both field observations and the long-term rlqta sets, and includod seed preference trids with
captive Peromysctts lcuoptu and Ctzthriorcmys gapperi to investigate effects of seed size and tannin level of
red osk and white pine seeds on pdatability.

F\ITURE PL/INS: One chapter draft of the dissertation hac been completed. Data analysis continues, with
nro chapter drafts in progress, aad dissertation defense is targeted for Spring 1995.
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AN INVESTIGATION OF FORESTRY.AMPHIBIAN RELATIONSHIPS IN MAINE

Investigator:

,4dvisors:

CooperUors/
Projea
Suppot't:

P. de Maynadier

M. L. Hrmter, Jr., Chairperson
W. E. Glanz
D. J. Harrison
M. McCollough
R. J. O'Connor

Maine Agricultural and Forest Experiment Station
Mclntire-Stennis
Hinrndo Wildlife Refuge
Association of Graduate Shrdents, University of Maine
Nationd Council for Air & Strean Improveme,nt

1) Investigate the influence of forest-clearcut edges on the habitat use of
resident and dispersing amphibians.

2) Determine the importance of logging roads as a potential barrier to

Objeaives:

amphibian movem€Nrts.
3) Document the amphibian community ia managed 31d rrnmrnaged northern

harclwood stands and identify habitat variables of potential importance.
4> Conduct a comprehensive review of previous research on forestry-

amphibian relationships and recommend management guidelinas.

SCOPE: Forest fragme'lrtation has potentially proformd effects on the isolation of wildlife populations and is
presently s major threat to biological diversity worldwide. Forest landscapes are increasingly bisected by
human development, including 1) lhear features zuch as roads, lnwer and gas right of ways, and rail lines,
and 2) block features such as agriculture md clear-cuts. It is important to understand the permeability of
these barriers to the movemeirts of various wildlife taxa. Formerly continuous populations which become
isolated may orhibit metapopulation dynamics and may be more prone to extinction through demographic,
genetic, or environnental stocbasticity. In order to better understand the importance of barriers as isolating
mechanisrns, this study will quantify anphibian re,Tonse to Maine's forest roads and clearcut edges.

In addition, there is increasing public pressure on Maine's industrial forest managers to provide for
nultiple uses on their ownerSips including non-game wildlife habitat. Dapite their relative
inconspicuousness amphibians are the most abundant vertebrate group in the northeast and may serve an
importaot role in forest ecosystem dynamics. In an effort to better understand the response of this relatively
unstudied taxa to common silvicultural practices this study will compare the amphibian community between
managed snd rrnmanaged northem hardwood stands.

PROJECT STATUS: Upland forest-clearcut edges chosen from a gradient of high to low contrast were
sampled using drift-fences built perpendicular !o the forest edge. Captures of snakes, amphibians and small
mrmmrls were monitored continuously from Jrme to September, 1992-1993. The trapping technique is
especially effective at capturing a large abrmdance and richness (15 spp.) of aquatic dispersing and upland
resident amphibians. Preliminary analysis reveals a general decline in richness and abundance across the
gradient from forest to clearcut habitat. Species-specific responses included generalists (American toad) and
forest specidists (wood frog and redback salamander); however, no species was found to specialize on
clearcut or nonforested habitat.

In order to better rmderstand the effect of forest edge habitat on amphibian movements a semi-
nahral experimental approach was used in the 1993 field season. Cultured wood frog larvae were released
adjacent to discrete forest/powerline edges and their movements monitored using an enclosed drift-fence
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design. It rypears that eve,n dispersing, juvenile wood frogs evoid non-for€stod cover when given the

choice.
In the spring of 1992 psired drift-fences were placed adjrcent to a logging road edge and in the

foresl interior serving as treatn€nt and cmtrols, respectively. This design dlowed for tests of potential

barrier effects the road migbt have on aryhibian and small mernrnal movem€nts. As a gFoup, calqrnandels

nade significantly more movements through the forest tban equivdent moven€nts across the rcad ( a
naf,tro!\r, garod forest track). However, for those enimrls tbat ryproachod the road's odge there was no

filtering of move,ments for any species. A wider (15 m), heavily used logging road was studied in 1993 (the

Strrd MiU road) and its effects on oovem€Nrts were compared 3o thoce of the narrows (5 m) forest track.

Generally, anuf,an move,ments were rmaffected by even the larger rwd barrier, but salamander captures in
roadside traps were or.ly ?-A% of those in forested controls zuggesting that the larger road significantly
inhibit€d movem€ots by this group betr*,een bisected populatios of the forest. It appears that for€st roads

caa act as both a quantitative and qualitative filt€r to aryhibian movem€nts, but that their influeoce is
rmlikely to affect population dynamics.

Findly, drift-fence arrays we, e establishd in a replicated (6), block design of uncut, selectively cut
and clearcut nortbern hardwood stands in north-central Maine to evaluate the impact of partid and corylete
canopy remvd on locat aryhibim populations. Habitat data collected surrotmding each of the eighteen

arrays included % canopy, shnrb and grormd cover, litter depth and type, density of coarse woody debris

and stad besal area. Trap monitoring began in June aod is continuing until October 198,4 et which time
andysis of the data *iU begrn.

FWURE PL,I0{S: Trap monitoring and habitat data collection is cmtinuing until late Oclober/November of
1994 for the northera hardwood fsfest mrnegerrent drift-fence arf,ays. Analyses for these data and those of
dl previous field work is scheduled to be coryleted by spring of 1995. In addition, a coryrehensive
review paper is being prepaled on North Americe forestry-anphibian relationships for a rece'ntly awarded

grant proposal by the National Cormcil for Air and Sheam lryroveme,nt (NCASD. Work on the review
paper is scheduled for coqletion in February 1995.

AN ANALYSIS OF BIODIVERSITY IN NEW ENGLAND:
GIS ASSESSMENT OF TERRESTRIAL VERTEBRATE DIVERSITY IN MAINE

Invvstigaton

,4dvisors:

Cooperaors/
Projea
Suppot't:

R. B. Boone

W. B. Krchn, Cheirperson
M. K. Beard-Tisdale
M. L. Hunter, Jr.
G. L. Jacobcon, Jr.
M. A. McCollough
R. J. O'Connor

U.S. Fish and Wildlife Sen'ice
University of Maine
Maine Departne,nt of Inland Fisheries and Wildlife
Maine Department of Conservation
Maine OfEce of Geogr4hic Information Systens
Charyion International Corporation
Bowater€reat Northern Paper, Inc.
New Brunsrrick FiS aad Wildlife Branch

1) Develop detaild nmge rnaps of non-fish vertebrate species in Maine,Objeaives:
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using literature on species-habitat relations, aod expert review.
Create species richness maps for various gloups of species (e.g.,
neotropical nigrant birds), and corya,re them to arcas rn n'ged for
natural vegetation, to id€otify gaps in biodiversity protection.
Correlate species richess distributions with woody plant
distribution, clirnatic variables, and geomorphology, to
chanctertn factors det€rmining the distribution of Maine
terrestrial v€rt€bra,tes.

Determine the usefulness of selected ecological factors to messure
the likelihood of a species' @cunrence being correctly predicted by
Gap Analysis.

SCOPE: Developing and implenenting r€covery plans for species tbat are threatened or endangered is
expensive, disnrptive, and may be usuccessful. Conservatim plans are best irylemented when species are
commc,n and with broad. ranges, when more options are available for managers. Gap Analysis is a tool that
identifies, on a regional scale, areas ofhigh species richness and relates these locations to areas already
managed for netural vegetation. Managers can u{ie the rc$lts of the Maine Gap Analysis in regiond land
rnqnagem€nt decisions, specifically to provide adequate habitat to mainAin species populations.

In additioral research, I wish to deternine why groups of species in Maine are distributed uneve,lrly.
I will coryare species richness maps with woody plant qpecies richness, climatic variables, and
geomorphology, to prioritize the iryortance of variables in determining veftebrate ryecies richness. I will
relate my findings 3o: 1) the utility of plant diversity in predicting vertebrate diversity; 2) theoretical
pedictions of the relationship of aryhibians, rqrtiles, birds, and rnammals to landscape variables; and 3)
potential effects of global climate change on vegetation in conserrration lands.

PRAIECT fiTATUS: The initial Gap Analysis of Maine (i.e., Phase I) is nearing completion. Personnel at
the University of Massachusetts are developing the vegetation map for Maine based on satellile data. They

problems ide'ntiffing vegetation type.s using the existing eover Eraps we provided, so aerial
videography Sechniques were used to'identify vegetative t)"es. Aerial video images were acquired for
transects spac€d every 24 km across Maine, in Jrme and October 1994. The Maine Unit fimded workshops
to train Nerr England in the use of aerial videography, and we are curre,rtly interpreting Maine
videography from June for use by the University of Massachusetts, to produce the Phase I vegetation mrp.
We bave received from Massachusetts a portion of the existing vegetation map for Maine that is now being
evaluated. funds become available next fiscal yeer, e Phase II map will be produced using the
October as well as Jrme videography, and additiomal satellile data.

To augment and improve the vegetation map we use in Maine Gap Analysis, we began projects to
identify special habitats in Maine. A shrdent was hired to visit and map almost 800 blueberry barrens and

within southcentral and eastem Maine. These fields are being eniered into a geographic
information system for mapping and storage. Also, a second student is identiffing wetland types for about
5,500 wetlands shoum in a USGS land cover map, r'sing National Wetland Inventory maps. In cooperation
with personnel in the Department of Botany, we will verify this information us:ng grormd-truthed data for
about 150 peatlands. Grasslands, a rare habitat t1pe, and wetlands, a habitat the drives species ricbness in
Maine, will be incorporated into the final Phse I map, which will be done by the end of December, 1994.

We have developed and se'nt-out to revierrers species synops€s for the amphibians and reptiles, and
fsl mammals that breed in Maine. Experts' reviews of the amphibian and reptile information have been
rehuned, and I am finali'i'g the synopses for these groups. Drafts of synopses for birds are partidly
completed, and will be finistred in the coming months.

As part of ny dissertation, I began a rpsearch effort tbat will potentially identiS species that are
less likely to be correctly predicted using Gap Analyses. In Gap Analysis, occurrences of rare species are
napped directly, so that group of species should be predicted well. My research indicated that the
occunence of ebuodant species also are predicted well using Gap Analysis. Those species that are

2)

3)

4)
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intermediate are less likely to be correctly predicted. Using a series of life-history and population attributes,

I am raoking the predictability of species tbst brcd in Maine. I will lest the validity of these rankings by

coryaring the results of a Gap Analysis of the Holt Research Forest, and long-tem sufley data for that site.
gimilar coryarisons will be made using statewide data from the Breediag Bird Survey.

The Maine Gap Analysis project worked with the Maine Departne,nt of Inland Fisheries and

Wildlife and e contractor to digitize the deer wintering areas @WAs) within a large section of southcentral

Maine, which is corylete. ln Maine, DWAs (i.e., mostly mature conifer stands) are iryortant habitats for
several wildtife species, and DWAs are legislatively prolected, although regulations for organized towns

have not yet been dweloped.

FUTURE PIJNS: Through the following months, we will be completing the qrnopses for the birds that

breed in Maine, finelizing the qmopses for all groups, and completing the species richness maps in Maine
Gap Analysis. I will then corylete ancillary research using the Gap Analysis results, and prepare a

dissertation.

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

Invastiguor:

,Mvisors:

Cooperators/
Projea
Support

C. M. Johnsoa

W. B. Krohn, Chairperson
R. L. Dre.ssler
J. R. Gilbert
W. E. Glanz
A. E. Hutchinson
J. R. Moring

USDI National Biological Suney
U.S. Fish & Wildlife Service

University of Maine -
Departnent of Wildlife Ecology

Maine peeartment of Inland Fisheries and Wildlife
Maine Offices of Geographic Information Systems

Maine Geologic Survey

1) Create species richne.ss maps for vertebrates breeding and wintering along

the Maine coast, and compare their location to consenation lands to
identifr gaps in biodivenity protection.

Objeaives:

2) Develop a database detailing historical surveys of Maine's seabird nesting

islands, and measure curr€,nt use of selected islands by 3 qpecies of
brceding seabirds.

3) Compare curre,nt use and nest density data for selected seabird islands

with historical patterns of island use to assess the temporal stability.
4) Evaluate habitat and social factors affecting the distribution of breeding

seabirds in Maine.

SCOPE: A Gap Analysis is currently undenvay for the Sate of Maine, identifying areas of high vertebrate

specias ricbness during the breeding season. However, the vast majority of the islands along the Maine
coast fall well below the ninimum mapping rrnit sizp used for this statewide analysis. Further, the

traditional approach to Gap Analysis focuses on terre.strial ecosystems, with vegetation mapping providing
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the foundation for predicting distributions of most species. For this coastal analysis, base mapping will
include aquatic variables as well as terrestrid vegetation napping. This ryatial database wiil be used in
combitratim with other biotic and abiotic variables (e.g., island size and human disturbance levels), to
formulale cosstal species-babitat models. These nodels will be usd to predict seasonal (breeding and

distributions of vertebrate species along the Maine coast.
Beyond deternining pattetrs of species richness, I will be the teryoral stability of

habitat use in this dynamic environment. On a relatively short t€(m time scale, I will assess seasonal
variability in pecies richness patt€rns by coryering results for the breeding and wintering seasons. long
term teryoral patterns of habitat use will be assessed for selected s€abird species, using survey &ta collected
over the past 80 years. Spatial pattems of sesbfud island use also will be examined in relation to a variety of
physical and biological babitat factors.

PROIECT STAITIS.' Over the past year, I bave collected digrtal databases (e,g.,24K USGS coverage and
bathynetry) for use in creating a coryr,ehensive base map for coastal Gap analysis. We have completed
aerial videography for the Maine coast and plan to use this data in conjrmction with LANDS4T imegery to
create the coastal vegetation rnap.

I have been working on creating several other coastal databases from available information
regarding land use and species distributions. These include databases for coastal conservation lands, bas€d
on the Maine State Planning Office's Conservation Lands; distributions of selected fish species, based on the
NOAA publication, Distribution and Abrmdance of Fishe,s and Invertebrates in North Atlantic Esnraries; and
distributions ofnesting seabirds, based on a literature rerriew ofhistorical survey information and a recently
coryiled MDIF'W seabird survey database. The seabird database will include historical accormts of breeding
populations dating back to approxirnately 1910. I have developed templates for specias synopses, including
habitat matrices and other ecological information for dl coastal species breeding in Maine and bird species
wintering throughout the state.

Islands in Penobscot Bay knoum to support breeding populations ofcormorants, black-backed gulls
or herring gulls were surveyed in early suilner 1994; nest counts were made from the air at an altitude of
approximately 150-200 feet. These islands will be surveyed again in 1995 and 1996 at approximately l0
day intervds tbroughout the breeding season to determine peak species nest counts for each island.

FWURE PUNS: ln the coming year I plao to produce the vegetation "'ap for coastal Maine and corylete
the species synopses for review by experts. I will continue to collect survey data for seabird nesting islands
and begin developing the detailed seabird habitat models.

APPLICATION OF SATELLTTE DATA TO MONTTOR
NEOTROPICAL MIGRANT BIRD HABITAT IN CENTRAL AMERICA

Investigators: J. A. Hepinstall
J. P. Spruce
S. A. Sader

USDI National Biological Sunrey -
Patuxe,nt Witdlife Research Center

University of Maine -
Departrent of Forest Managemeirt

l) Apply coryuter-aided processing of satellite data to map and
monitor neotropicd habitat availability for avian migrants
wintering in Central Anerican study sites.

2) Use developed hebitat classifications for selected areas ofBelize and

Coopaaors/
Projea
Support:

Objeaives:
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natural maps of the cormtry to develop human disturbance

maps.

3) Combine disnubance maps and bird species survey &ta to model
potential density and distribution for selected species ofavian
migrants in Belize.

SCOPE: ln order !o estimate habitat chmge md habitat availability, natural vegetation maps for Belize have

been combined with satellite imagery to produce humandishrbance maps. These maps will be "'n.elyzld
with wintering nigratory and resident bird species data gathered from several field visits over the past five
years into sunmary maps showing species richness, distribution, and relative abundance. Total winter
population estimates for dl areas with adequale field dafa will be calculated.

PROJECT STA?[/S: An international conference, coorganized by the USNBS, University of Maine, and the

National Auto,nomous University of Mexico, was held in Veracruz, Mexico, November 5-7, 1993. The

conference was well attended by US and Mexican professionals and also included several participants from

other Central Americsn countries and Canada. Peer review is near completion and final arrangeme,nts are

being made with a book coryany to publish the papers in 1995.

Land cover maps derived fron classified satellite images of Belize have been combined with digitizpd

natural vegetation maps to identify human versus nahral classes of savaona, shrub savanna, and broadleaf

shrub. Visual interprrlation of these maps in digrtd and paper format will be coryleted in fall 1994. Bird

species data has been digitiz€d and awaits coryletion of disturbance maps. A meeting of University of
Maine personnel and USNBS scientists is plaoned for November 1994 to discuss methods and publication

for this project. Final coryletion of the Belize project is expected in Decenber 1994.

FWURE PL/NS: The work order is being phased out and expected to end in March 1995. Further work is
plaoned to assess and iryrove hebitat availability maps for cur€Nrt field sites in Guatemala.

HABITAT SELECTION BY WINTERING WATERFO}VL
IN COASTAL FRESITWATER WETLANDS OF MOROCCO;

TIIE CASE OF MEIIDIYA WETLAND

Investiguor:

'4dvisors:

Cooperaon/
Projea
Support:

Objeaivvs:

M. El Ilamzaoui

J. A. Sherburne, Chairperson
W. B. Glanz
D. J. Harrison
F. L. Ne*by
D. G. McAuley

USAIDruSDA

l) Examine the distribution and abundance of wintering avifauna in kke
Mehdiya, Morocco, and associated narshlands.
Determine tenporal and seasonal (fall and winter) differences in habitat
use by wintering waterfowl.
Deternine the relation betrveen habitat variables (e.g., vegetation cover

and density, water depth) and waterfowl use of the site.

Assess the iqacts of grazing and recreation activitie.s on wintering

2)

3)

4)
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waterfo\rl populations.
5) Develop a coryrehensive conservation plan for freshwater wetlands of

Morocco.

SCOPE: Coastal freshwater wetlands of Morocco are iryortant in conhibuting to biodiversity. They are,
however, extremely vulnerable natural habitats. The few rcmaining ft,eshu/aler wetlands are used exlensively
by the human populations surrounding them, as well as by the nigratory u/at€rfowl which use these sites as
wintering areas.

Virfiully nothing is knoum about the use of freshwater wetlsnds by wintering waterforvl as well as
the extent of various human activities. The proposed shrdy will determine seasonal habitat use of freshwater
wetlands by wintering waterfowl. Physical, chemical, md biological variables of selected habitats will be
identified. The iryact of diverse human activities on wetland rlesources md fimctions will be evaluated.
The above information is iryortant to developing an ove,rall coryrehensive conservation strategy that would
erxiure sustainable and multiple use of freshnater w*lands resources of Morocco.

PROJECT STATUS: Field research is currently being conducted in Morocco.

COMPARISON OF TIIE RELATIVE OBSTACLES TO MEETING MANAGEMENT
OBIECTIVES OF THREE DIFFERENT CONSERVATION SYSTEMS IN INDONESIA:

NATLTRE RESERVES, GAME RESERVES, AND NATIONAL PARKS

Investigaor:

Hvison:

Cooperators/
Projea
Support:

E. E. Suwami

J. A. Sherburne, Cbairperson
D. J. llarrison
J. F. Tynon

USAID/lndonesia

Objeaiws: l) Examine aod compare management structures, approaches, and objectives
in selected and representative Nafure Reserve, Game Reserr/e, and
national park located in one province.
Understand management infrastructure and approach for each area.
Assess the obstacles to effective management of programs in each area.
Assess and evaluate the relative effect the.se obstacles have on effective
rn4nagern€ot of each area.

SCOPE: Indonesia has several conservation areas. Some of these, nature reserves and game resenres, have
long histories on the islands. In recent years, another and more system sf managing natural
resoutpes bss be€n established - the national park. Each of these three major systems has different objectives
and is operated under a different m4nagement approach and infrastructure. Yet aU three are designed for the
sane overall puqtose, i.e-, to consente and tnanrge Indonasia's vduable natural rqsources. As the
interaction of these tbree primary systems evolves, it will be necessary to assess and evaluate the
effectiveness of the different conservation areas, as well as the ovedapping rn n4gement approaches. This
research will address the first step in that process by exploring and assessing policy and
mansgerrrnt faslors, structure, approaches, facilitie.s md programs applied in each system.

PROJECT STATUS: Field work and data collection in Indonesia were carried out over the summer.

2)
3)
4)
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TOXTCOLOGTCAL AND ECOLOGICAL EFFECTS OF MOSQITTTO CONTROL
METHODS AT BOMBAY Hcrc)K NATIONAL WILDLIFE REFUGE, DELAWARE

Inwstigatots:

,4dvison:

Cooperuon/
Projea
Suppott

Objeaivv:

D. M. Eipor
T. A. Haines

T. A. Haines, Cbairperson (for Eignor)
R. J. Van B€Doed€o

J. H. Dea$om
J. R. Moring

U.S. Fish md Wildlife Seryice, Region 5

U.S. Nationel Biological Survey -
Midwest Science Center

I-eetorm Science C€nter

Determine the effects of pesticides used for oosquito control on non-target

organisms in salt narsh habitat at Bombay Hook National Wildlife Refuge.

SCOPE: For maoy years, Bombay Hook Nationd Wildlife Refuge has been sprayed with a variety of
pesticides to re&rce mosquilo breeding. Aerial spraying is initiated on short notice, based on field couts in
breeding areas. The primary lanicide is the organophosphate temephos (Abate). The bacterial toxin,

Bacilftts thuringiercis, and the growth horrcne methoprene (Altoside), have been used to a much lesser

extent. The primary adulticides are the orgmophosphale naled @ibrom), and Scourge (the synthetic

pyrethroid r€smethfin plus piperonyl butoxide). With the exception of several caged fish and shrimp trials

performed sbout 20 miles south of Bombay Hook, no recent field tests have been conducted to examine

possible non-target inpacts of mosquito control spralng at the Refuge.

PROJECT STATUS.. This study will collect information on the inpacts of chemical spraying for mosquito

conhol on non-target organisms at Bombay Hook Nationd Wildlife Refuge. These data wiU be used as part

of a Service-wide effort to evaluate the ecological risks of various nosquito control tnethods in use or
proposed for use on Service laods.

FUTURE PI- NS: This project has just started and no results are yet available. A thesis is anticipated in

December 1996.

FACTORS AFFECTING FOOD CHAIN TRANSFER OF MERCURY IN TI{E
VICINITY OF TIIE NYANZA SITE, SIJDBURY RIVER, MASSACHUSETTS

Inlestiguon: T. A. Haines
R. W. Perry
M. W. Powell

Ilaines Chairperson (for Powell)
K^tz
Moring
Norton

T. A.
L. E.
J. R.
s. A.

,4dvison:



Cooperaors/
Projea
Support:
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U.S. Fish and Wildlife Service, Region 5
U.S. Environmental Protection Agency, Region I
U.S. National Biological Survey -

Midwest Scie,nce Center
l.eetown Science Center

Determine loral and noethyl rrtercury concentrations in water, sedime,nt,
invertebrates, and fish in reference and contaminated sites in the Sudbury River in
order to determine the iryortance of sediment reservoirs of nercury in the
continuing contamination of fish and wildlife resouroes in the river.

A. M. Perillo

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

Maine Department of Inland Fisheries and Wildlife
University of Maine -

Department of Wildlife Ecology
U.S. Fish and Wildlife Service
U.S. Forest Service
U.S. Environmental Protection Agency

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

2') Cihracterizr- the physical, chemical, and biological parameters that
conhibute to the value of these pools for wildlife; and

3) Develop guidelinas for predicting wildlife values of vemal pools in
southem Maine.

Objeaiue:

SCOPE: The Nyanza site on the Sudbury River was used by several coryanies involved in the
manufachring of textile dyes and dye intemediatas during the period fron 1917 to 1978. As a result, large
quantities of chemical wasles were disposed of on-site, or discharged into surface waters draining into the
Sudbury River. The contaminants of concern include mercury plus other metals. Previous studies have
documented extensive mercury qlatrmination of sedirnents and biota in the Sudbury River downstream of the
si!e, but sufficient information is not available to make a risk-based cleanup decision for the contaminated
river reaches. This study addresqed some of the data needs requircd for the cleanup decisions.

PROJECT STATUS: This sn'rdy will collect information on lotal and methyl mercury concentrations in
water, sediment, invertebrates, and fish in reference and contaminatod sites in the Sudbury River, in order to
assist in the determination of the importance of sediment reservoirs of mercury in the continuing
contanination of fish and wildlife resources in the river.

FWARE P/,"//dMS: This project has just started. An additional graduate student is being sought for the
proJect. One thesis is expected in August 1995 and another in August 1996.

WILDLIFE COMMUNITIES OF VERNAL POOLS IN SOUTHERN MAINE

Inve*igator:

,Mvisors:

Cooperatorc/
Projea
Suppon:

Objeaives:
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SCOPE: Wettmds are well-recopized as highly productive commuoities, ed iD Maine are used by a
disproportionete number of state-listed rare, threatened and endangered speies. Currently, Maine laws
generally prolect only walands greater than 10 acres. Smgll weflmds in southern Maine are in immediale
peril, due prinarily to residential development causing habitat degradati@ and loss. Recent snrdies have

demonstrated tbet several of the state-threetened ryofied and Blanding's hrrtles are centercd in
wetlmd complexes in southem Maine dominated by vernal pools. Vernal pools are also extremely important
breeding habitat for many aryhibian species, serving as c€ntefs for mating, egg deposit, embryonic
development, l8f,val development, and netamorphosis. Meny species retun to their natal pools to
breed. Therefore, local of state-threatened turtles and many aryhibian species could be severely

limitd or extirpated by loss of vernd pools. The informgtiq collect€d in this stndy will p'rovide a basis for
consideration of additional initistives for small wetlmds in Maine.

PROJECT STATT|S: Forty-five vernal pools have been selected for strdy in Yort Cotmty, Maine. The first
field season took place during April-S€ptenber 1994. Data collectim included cormting amphibian egg

mas{i€s, saqling pools monthly to determine the presence and abundance of larval amphibians and aquatic

invertebrates, aad srveying each pool approximately every 10 days to determine the presence or absence of
turtles, frogs, toads, and other vertebrate species using the pool. Inmediately after each survey, air
temperatr,re, and water teryerature, depth, pH, and conductivity were measured. In mid-June, pool
shrinkage was measur€d and data were collected on the type and perc€nt cover of herbaceous vegaation in
the pool. During August and Septenber, data were collected on the flora, vegetation t;rpe, stnrcture and

percent cover for dl vegetatim (woody and herbaceous) gowing vithin or hanging over the pools.

FUTURE PL4NS: Prior to the beginning of next field seeson, all invertebrates collected during monthly
saryling urill be identified !o family or g€nera levels. During the second field season, data collection will
continue using the same methods used in the first seasion. Additional data collection will include the percent

of sunlight reaching each pool unobscured by vegetation, ge,nerd surrormding community
structure, pool elevation, and the number and area of surrounding wetlands.

WILDLIFE RESOT]RCES . MIGRATORY BIRDS:

Investigator:

,4dvisors:

HABTTAT SELECTION AND COMMI.JMTY ORGANIZATION
OF BIRDS IN EIGIIT PEATLANDS OF MAINE

S. S. Stoclwell

Coopaators/
Projea
Stryport:

M. L. Huter, Jr., Cbairperson
R. B. Davis
W. E. Glanz
J. R. Longcore

Maine Departnent of Inland Fisheries and \Mildlife
Signel Fuels, Inc.
Maine Chapter of The Nature Conservancy

Maine knd Use Regulation Comnission
Maine peeartment of Environmenal Protection

l)
2>

3)

Id€ntify those species of birds that inhabit Maine's peatlands.

Quantiry the abundances ofeach species relative to peatland vegetation

and hydrology.
Determine whether large, commercially vahrable peatlands differ in their

Objeaives:
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'value" to wildlife from smaller, non-oonmensially valuable peatlands.
4) Determine which of five environmental factors (foliage height diversity,

area ofpeatland, peatland-foliage height diversity, type ofpeatland, and
peatland vegetation diversity) are iryortant in influencing bird species
coqrcsition, bird species richness, and bkd density in peatlands.

SCOPE: Peatlands are one of the last r€Nnaining rmdisturbed ecosystqDs in tbe Northeast. Thus, the state
of Maine hrs str1 rmusual opportrmity to develop a coryrehensive plan for consen'iag Maine's peatlands.
However, before this project was initiated, no suweys of the wildlife in Maine's peatlands had been
conducted. Before issuing rnining pernits or establishing peatland preserves, the stste needs to know what
bird species d€p€nd on peatlands for their continued sunrival, ifany, and whether c€rtain species are
restricted to particular tpes or sizes of peatlands.

This shrdy relates the abundances md dishibutions of birds in eight Maine peatlands to peatland
vegelatioo, size, and geomorphology

PRAIECT SMTUS: All requirements for the Ph.D. degree (in Wildlife) were completed in May 1994. T}re
abstract follows:

This stttdy relates the abundance and dishibution of birds in eight Maine peatlands to peatland
vegetation, size, and geomorpholo{!, urd uses data on peatland birds to test predictions of the density
assessment hlpothesis of hebitat selection. I censused birds in eight Maine peetlands of varying g'pe,s and
sizes during May and June of 1983 and 1984. Eight distinct types occurred in the peatlands. I
used a variable-width transect nlethod for censusing birds and estimated bird densities from a modified
Emlen method and the Fourier Series Estimator in coryuter pro$am TRAI.ISECT.

Bfud species richness @SR, number of species c€nsused) of the peatlands I sampled (48-81 per site,
101 in total) was greater thaa that reported for other habitats in Maine. Among the eight vegetation tlpes,
bird species richness was not correlared with foliage height diversity (vertical heterogeneity of vegetation),
but density of birds @D, number of birds per 40 ha) and bird species diversity @SD, Shannon Diversity
Index) were correlated with foliage height diversity.

Among the eight peatlands, BSR and BD were highly correlated with horizontal heterogeneity of
vegetation (PVD, peatland vegetation diversity). Density of birds was lower in peatlands dominated by open
vegetation than in peatlands doninated by wooded vegetrtion. BSD was not correlated with peatland t1pe,
peatland area, peatland-foliage height diversity, peatland vegetation diversity, or with any combination of
these variables. Bird species composition (qpecies distribution and abundance) was most dissimilar between
peatlands with >50% of their area coverpd by wooded vegetation and peatlands with < 12% of their area
covered by wooded vegetation, and between wded and open groups of vegetation types.

I conclude that horizontal heterogeneity of vegetation is more important than verticd structure of
vegetation in influe,ncing bird species richness and bird density in these peatlands.

I testod three predictions of the density assessment hypothasis of Fretwell and Lucas on habitat
selection in birds. First, linear revealed that those species with higher population densities used a
wider variety of habitas than those species with lower population de,osities, both on intraspecific and
interqpecific levels. Second, most species whose population level changed showed increases or decreases in
density simultaneously across several habitats. Third, most species showed changes in dominance consistent
with those predicted by the density assessm€nt hypothesis, especially if modified to account for philopatry.
These findings ge,nerally support the de,nsity assessm€ot hypothesis of density{ependent habitat selection.
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AVIAN BIOINDICATOR DYNAMICS

Inrwtigdor: S. J. Oyler

.4dvison: R. J. O'Connor, Chairperson
M. L. Huoter, Jr.
W. E. Glanz

U.S. Environnental Proiection AgencyCooperaors/
Projea
Support:

Objeaives: 1) Evaluate the rylicability of tbe Taylor Power Law concept to the North
Anericsn avifarma.

2) Map bird diversity and develop indices of biodiversig and community

stfuchre to land use pattems on the basis of Major knd Resource Area

(MLRA) classification.
3) Examine the effects of short-tern change in land gse on bioindicators.

4) Dete,rmine the relative effects of yearly variation in weather conditions

aod agricultural changes on bioindicators-

SCOPE: EPA's Environmental Monitoring and Assessnrent Progran (EMAP) assunes changes in the

abgndance of bioindicators correspmd directly to changas in environmental condition such as landscape

pett€rtr, habitat stnrcture, or land use practices. Thus, any fluchration in biodiversity or other environmental

loai""tor is assgmed by EPA to be caused by some cbange in environmental condition. Because intrinsic

d)'nsnical variability in biodiversity and ecological indicetor vdues rrey not be small compared to the

"f,-go 
brought about by alterations in the environment, this investigation exernines how bird diversity md

ecotogicat indicafors are affected by rmderlying pafrern of dynunics h bird abrmdanoe. These patterns are

beinideternined both from eryirical dafa from national bird and lend use dalabases already collated in the

Wlatife Oeeartnent and from theoretical models of population processes. These rmdedying patterns of
variation in bird abundance will be related !o land-use pstterns within the coterminous Unitd St|tes to aid

the funre interpretation of EMAP results.

PROJECT STATIJS: All requfusnents for the degree of Master of Science (in Wildlife Mmagement) were

coqleted in December 193. An abstract of the thesis follows:
Becagse mst ecological problems involve large-scale processes, ecologists have begm to shtdy

largescale population dynamics. This analysis investigales the population dynanics of birds in the United

States ty testing the applicability of the Taylor Power I:w for a different avifauna on a much larger scde

than Taylor's original aoalyses. Of 497 species nilyzd,457 conformed to the Taylor Power Law (IPL)
both spatially and leryorally. I conpared the TPL paraneters calculated in this analysis to the parameters

from iaylor;s aoalysis and found differences. Because Taylor's analysis was conducted on a much smaller

scale thao my continental analysis, I r€peatd the andysis on a regional scale for birds in the United States.

The regional distribution of TPL paramelers for the United States was more sinilar to Taylor's original

analysis. Coryarison of the regional and continenal aoalyses in the U.S. showed that the difference in

spatial distributions was one of scale.

I also determined the spatie'lemporal patt€ms of the 457 species that conformed to TPL. Two

hundred and six species had qpatio-temporal pattems previously defrned by McArdle et al. (1990). Seventy-

three species were classified as refugia qrecies, 126 as fixed and mobile hot spot qrccies, one as a capacity

linited species, and six as outbreak species. I considered the implications ofthese classifications for

monitoring and found that those species ctassified as fixed and mobile hot spot species would make the most

sensitive bioindicators.
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VARIABLES AFFECTING HABITAT USE AND MOVEMENTS
OF AMERICAN BLACK DUCKS AND MALLARDS

ON TIIE MISSISQUOI NATIONAL WILDLIFE REFUGE

C. G. KitchensInvestigatot

,Mvisors:

Coopaators/
Projea
Support:

Objeaive:

R. B. Oven, Jr., Chairperson
J. R. Longcore
W. E. Glanz

U.S. Fish and Wildlife Service
University of Maine

Evaluate the use/iryortance of -o"aged wetlands by radio-narked black ducks at
Missisquoi National Wildlife Refirge during hunting and non-hrmting periods.

SCOPE: During the fall staging periods of 1990 and 1991, a sample of harching-year female (n : 35) and
male (n : 35) black ducks and hetching-year female (n : 4O) "'allarrls were equipped with radio-
trans;mitters to determine the iryortance of the refuge impormdnents and associated wetlands to these
waterfowl during non-hunting and hunting periods.

PROJECT STATUS: All require'ments for the degree of Master of Science (in Wildlife Management) were
coryl*ed in May 1994. An abstract of the thesis follows:

The decline of Americen black ducks over the past 30 years has raised many questions. The causes
arc lmoe,rtain but researchers believe that either babitat loss, ove,lhunting, or hybridization with mqlards is
leading to this decline. Contrary to population declines in black ducks, nallad populations have risen
dramatically in the Atlantic Flyway in the past 30 years. Eighty juv€nile female mallerds, 74 juvenile
female black ducks, aod 75 juvenile male black ducks were radio'marked and tracked from September -
Dece,mber of 1990 snd 1991 to determine habitat use and movements on the Missisquoi Nationd Wildlife
Refuge (MIIWR), a staging area in northwestern Vermont, with emphasis on hunti'g disturbance.

Use of wetland t)es by radio-marfted ducks was coryared io their availability before, during, and
after hmting seasons. Wetland use was variable benveen years and appearcd to be heavily influenced by
weter levels on l:ke Chanplain tbat fluctuated as much as 3 feet between 1990 and 1991. However,
palushine emergeirt wetlands were used extensively during both years, especially 1991, when nearly N% of
all locations on MNWR were located in these wetlands. Palustrine scrub-shrub wetlands were used heavily
in 1990 but rarely in 1991. I:custrine en€,fgent wetlands and riverine wetlands were not used until late in
the season when, presumably, food availability in the palustrine emergent and scrub-shrub wetlands declined.
The effect of hrmting disturbance on wetland use was conformded by the extreme variability in water levels
for l-ake Cherylain.

Movemts of black ducks and nallards seemed to be affected by hunting disturbance. Movements
ditrered from 1990 to 1991 but the overall pattem was the sarne. Home tange size, lengtb, width, and index
of linearity was calculated only for 1991 when the sample size was suffrcient for conparisons. Home range
sizp decreased for black duck males and females from the pre-hunting to the hunting intervd and increased
from the huoting to the post-hunting intervd. Mallard home range size remained the same from the pre-
huting to the hunting inten/al but decreased during the post-hunting interr/al. Home range lengths and
widths followed the same pattern as the hore range size. Indice.s of linearity indicated very narrow home
mnges before, during, and after hmting for all ducks. Distance.s benveen consecutive locations differed
from 1990 to 1991 with longer distances moved in 1990 when water levels were high. However, the pattern
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Inwstitaror:

,Mvisolls,:

Cooperaon/
Projea
Suppott:

Objeaives:

of movement r€main€d the same with distances between consecutiw locations shorter during the hrmting

int€rval tban either the pre-hrmting or post-hrmting intefvals. Directional fligbts were variable between

years. Radio-marted ducks flew predominantly north in 1990 with little movement south, eost, or west.

Directional movemts during 1991 were $rongly north but southedy Dovem€nts wete mor€ pronounced

tbao in 1990. Moverent east and west was low.

ECOI,OGY OF TIIE DOI]BLE.CRESTED CORMORANT IN TIIE LO}VER
PENOBSCOT RIVER: EMPHASIS ON SMOLT PREDATION

B. F. Blachrell

W. B. Krobn, Chairpersm
J. R. Gilbert
J. R. Moring
W. E. Glanz
F. A. Servello

U.S. Fish and Wildlife Service - WO, Federal Aid
USDI National Biological Sruvey
Maine Oepartment of Inland Fisheries and Wildlife
Maine Atlantic Sea Rm Sdmon Commission

1) MoniSor cormrants at roosting md foraging areas, determine time of
roost deearturc and return, and locate foraging locations relative to smolt

migration.
2) qlaoti$, seasonal variation in cormorant food hebits during spring and

sumner.
3) Estimate the number of cormo'rant days of predation during the spring

migration of Atlantic salnon smolts through the Penobscot River.
4\ Estioate the number of Atlantic salmon smolts eaten by cormorants in the

Penobscot River ecosystem.

SCOPE: Populations of double-crested cormorents (Phabcrourax auritus) increased in size and distribution

during the past 30 years across the Unitd Stales and southern Canada, most likely responding to prolection

afforded by amendments to the Migratory Bird Trcaty Act and reduction in DDT contanination. With this

inoesse has come the perception of cormorants conpeting with hunans for fish. Potential loss of
commercial and sport fisheries to cormorants is a growing concern in Maine, particularly given the multi-
million dollar efforts by federal, state, and private organizations to restore the Atlantic salmon (Sabro

sahr'1.
Measur€s to control double-crested cormoranis have been implerented in Maine. However, control

prograss ctn prove to be cormterproductive by increasing the proportion of yormg birds auaining breeding

itatgs, and possible Sifting of breeders 3o other areas. Further, control Programs impleme'nted without

accurate prediction or quantification ofthe effects ofpredation on individual prey species cannot bejustified.
The most accurate means of esinating the biomass of prey removed from a system by cormorants is

direct saryling of food habits via collection of stomach saryles. By coryrison of food habits data relative

to time and feeding location with estimates of cormorant days of predation, quantities of prey species

consumed ca" be estimated.

PROJECT STAITIS.. Field wort for the project was complAed in August 1994. In addition to cenzusing

cormorants at feeding and roosting sites, which began in 1992, cormorants were monitored at dams this past
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surrrrrer to determine numbers, how these arees are usd, and by how many birds. Cormts of cormorants
were made every 10 days from the air (3o determine feeding locations) aod at night roosts (to estimate total
numbers) from early April through lare Jrme. Peak nunbers on the Penobscot River in 1994 occurred in late
May and early Jrme, later than ia 1992, but about the same time as in 193. Weather conditions and river
flow rate from April though June will be examined as possible factors affecting cormorant arrival and
distribution dong the Penobscot. In 1994, adult cormorants again arrived before subadults and conhibuted
to the in-river predation on Atlantic salnon smlts. Cormormt use of dsms during 1994 was, as in the
previous two years, disproportionately high relative to use of free flowing habitat.

FWURE PLT|ffS: Prey items reggrgitated by nestling comrorants were collected from 10 breeding colonies
in Penobscot Bay during July, 1993. These data were analyzed and presented st the 1994 meeting of the
Colonial Waterbird Society. Data for the entire project wiU be tabulstd md ""alyzed this winter; a final
report will be done by the sunnrer of 1995.

MACROW IN BROOD-REARING WETLANDS OF WATERFOVTL
(ANATIDS) IN FORESTED AND AGRICI]LTTJRAL

LANDSCAPES IN NORTHERN MAINE

Inlestiguor:

,Mvisors:

Cooperators/
Project
Support:

Objediles:

L. J. Boobar

K. E. Gibbs (Advisor)
J. R. Iongcore (Field Advisor)
R. B. Davis
W. A. Halleman
R. B. Ove,n, Jr.

U.S. Fish and Wildlife Service
University of Maine

l) Detenmine if macroinvertebrate diversity is different among
waterfowl brcod-rearing wetlands in two landscapes (forested and
agricultural) in northern Maine.

2) Relate invertebrate diversity and productivity to wetland waler
chemistry, periphyton production, vegetation structure, and wetland
morphology.

3) Evaluate the uitability of incorporating these data in a Gmgraphic
Information System.

SCOPE: During the field seasons of 1993-1996 selected wetlands in each landscape will be sa'ry'led for
mscroinvertebratos using several techniques (cylinder saryler, activity traps, sveep nets). Data on
invertebrates will be related to wetland features, including water chemistry and chlorophyll-a. Hypothese,s

of diffesrces in variable.s between forested and agricultural wil be testd.

PROJECT STATUS: (Activities for the pedod October 1, 1993 to September 30, 1994.) In this second field
searnn of saryling 280 saryles (12$0 sarrPles one each Jue 16 and July 7) were obtained with activity traps
from 10 waterfowl brood-rearing wetlands (5 in the agricultural and 5 in the forested landrcape). From 25
July to 3 August 100 saryles were collected by sweep net from these 10 ponds. In addition, a study to
determine the effect of length of tire the trap was activated on total capturos was completod between Jtme

20 and hme22 in llamrnond Flowage. A saryle of traps @ : 17) was collected at l2-hour intervals from
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a set of 63 traps. Prelininary review depicts di$inct diurnsl aad nocUrnal petterns of activities for certain

taxa. Sorting aod identification of saoples has progressed well. Dr. Anti Jansson, Finnish Museum of
Natural History, has either verified or identified to species 300 specinens of Corixidae. Sixteen different
species occurr€d in 12 ponds. A ref€rence collection is being establishd to fscilitale further identifications.
Distribution of certain ryecies seems diped with tbe t)"e of landscape, some species favoring the

agricultural landscape. Further collaboration for species identification is being arranged with Dr. Paul J.

Spangler, Smithsonian Institution, nfro is an expert on aquatic beetles (Coleoptera). Water depths in about

50 wetlands were recorded for June, July, and Augrrst, and in early July wsler wes collected from all
wetlaods saryled for invertebrates and from the werlands saryled for rraferfowl broods. Water has b€en

srbmitted to tbe Sawyer Analytical Uforatory where aa array of water chemistry variables, ineluding
Chlorophyll-a, will be neasur€d. Wdlands were all nappd during late July tbrough eady September to

delermine vegetative structure. Rainfall and te,ryeranue records for the previous ten years and for shrdy

years were obtained from the official weather statim in Presqtte Isle, Maine.

FWURE PL4NS: Sorting and identification of specimens will continue through the acadenic year.

Wetland maps will be coryleted and plauimetered to obtain area of wetlands and of life forms. Weather

data, wetlaad data, and specimen dala will be entered in D-Base files for laler summary by the SAS. The

graduate student will pursue his academic program during the semgster and write his comprehensive exam.

NATIONAL PATTERNS OF BIRD ABIJNDANCE AND DIVERSITY

Investigaton:

Cooperuorc/
Projea
Support:

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

U.S. Environment Protection Agency -
Environmental I:boratory, Corvdlis, OR

U.S. Forest Service
Forestry Sciences Laboratory, Corvdlis' OR
Pacific Northwest Region, Portland, OR

Oak Ridge National I:boratory, Oak Ridge, TN
Environmental Sciences Division

l) Develop a database of avian species distribution compatible with the

EMAP hexagon gdd fron 1990 Breeding Bird Survey data and develop
Objeaives:

maps of avian species richness.

2) Evaluate the effects of scale on the corelations between bird and AVIIRR
land classification distributions.

SCOPE: Paterns of species richness are poorly understood. This study will evaluate the correlations of
avian distribution and richness with land cover characteristics derived from AVHRR saiellite imagery.

AVHRR data, when combinod with existing species distribution data (e.g., Breeding Bird Survey), may

prove to be a cost*ffective nethod of evaluating changes in species richness over time. Additionally, by

vsrying the number of land oover classes we will study the effects of scale on the correlations between

species distributions and land cover classes.

PROJECT STAirU,S.. Breeding Birds Survey (BBS) dsta were used to obtain the specie.s richne'ss data for
each location with a route. In addition, the incidence of each species at each route (the proportion of
surveys between 1981 and 1990 on which the species of interest was detected at the routQ was calculated for

each species. The diversity data and the individual species incidence data were each related to satellite

igg1gery data using Classification and Regression Trce (CART) techniques. The satellile data was



32

coqlementod with climate datr from the Hierarchical Clinate Network (HCl$ and with some other data
(road d€N$ities, waterways densities, land ormenship). These analyses provided a series of wildlife-habitat
relatimships at the I km resolution of the AVHRR imgery. The analyses were conducted at multiple scales
of habitat aggr,egation aod image filtering. Coryarison of the results zuggested that there nas little gain in
using aggegation and/or filtering, and firther analysis was conducted on tbe besis of the 'naggregatod and
tmfiltersd landcover characteristics classification. These drta were used to develop a prototype risk
assessnent map for the colerminous Unit€d Steles.

FWURE PL/NS: This project is being coryleted rmder its pr€s€nt auspices and manuscripts are being
prepared for publication. Additional work to incorporafe inforoation on stressor data as modifiers of avian
distribution will be pursred rmder altemate firoding.

WILDLIFE RESOT]RCES - OIHER, TIIAN IIIIGRATORY BIRDS:

POPIJLATION CHARACTERISTICS, PATCH OCC{JPANCY, AND FALL
DISPERSAL OF SPRUCE GROUSE ON MOUNT DESERT ISLAND, MAINE

Investiguor:

,Mvisors:

Cooperuors/
Projea
Support:

Objeaives:

S. D. Whitcomb

F. A. Servello
D. J. Ilarrison
A. F. O'Connell
W. E. Glanz

Nationd Park Sendce -
Acadia National Park

l) Identi$ potentid habitat patches occupied by breeding spruce grouse in
Acadia Nationel Park and on Mormt Desert Island.

2> Determine fts minimum breeding population of spruce grouse in Acadia
National Park and on Mount Desert Island.

3) Determine habitet types selected by dispening juvenile spruce grouse, and
describe dispersal movements.

SCOPE: Spruce grouse were believed to be extirpated on Mount Desert Island in the late 1800s but a
brceding population currently exists. However, little is knovm about the population or its long term
viability. Spruce grcuse breeding habitat is predominantly lowland conifer cover. This cover g4r has a
highly fragoented distribution on the island and occupies only 3% of the island's area. Therefore, the
potential breeding habitat for spruce grouse is limited, and dispersal ofjuveiriles betwee,n widely separated
patches of breeding habitat may b iryortant for maintaining a viable population on Mount Desert Island.

PROJECT STATUS: All requirements for the degree of Master of Science (in Wildlife Management) were
completed in December 1993. An abstract of the thesis follows:

I studied palch occupancy, fall dispersal and the population chsracteristics of spruce grouse
(Dendragqus canadcnsis) in fragmented habitat on the southeastern edge of their range. t identified 36
insular parches of potentid habitat that varied in size and were widely distributed on Mount Desert Island
(MDI), Maine. I systematically zurveyed each habitat palch during April-May t992-1993 to determine patch
occupancy and estimate population sizes. Female spruce grouse @ : 18) and juve,nilas G = 9) were
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equipeed with radio hansmitters aod nonitorcd from nesting througb fell dispersal.

Spruce grouse occupied 3l% @: Il) ofparches searched, and occtpancy was related 3o patch

size, interptch distance, and patch shape. Six of 9 large habitlt patches (>20 ha) were occupied n l9E2
and 1993, coryercd with 2 of 6 medium-sizpd parches (1G20 ba), ed 3 of 2l small patches (4-10 ha).

Occupid palches were closer !o other occupied parches and bed a smaller PerimelEr to area ratio than

rmoccgpied patches. All juvenile spruce gxruse dispeced from sunrer brood range and net dispeffsl

distances ranged to7.2rM" and radius of dispersal to 7.8 km. Upland conifer, lowland conifer and mixed

cmiferdeci&rous habitat t,?€s were used by dispersing juveniles during dispersal, indicating that these

oover t)?es did not constitute a hrrier !o spruce grouse. Eighty-oe perc€ot of spnrce grcuse observed

during surveys on MDI were capnred and marted (M = 39, F : 18). Population estimates for MDI were

72 gronse m 19i2 and 56 in 1993. The number of individrals in habiiet Pstch€s ranged from l-10 and the

mean breeding d€nsity in palches >2Oh^ was 13.7 grouse/IOO ha.

Spnrce grouse on MDI are confined to a few soall patches of lowland cmifer habitat which are at

risk of local extinction. Successful dispersal anong bsbitet palches is thenefore inportant to the lmg term

persistence of the island's population. Although dispersers moved great enough distances to reach hebitat

patches, onily 2 of 9 moved to a different patch. Additionally, prodrrction on MDI was lower than

prwiogsly reported. Several factors including productivity, palch occupancy, and dispersal probably

combine !o regulate the spruce grcuse population on MDI.

REPRODUCTIVE BIOLOGY OF CAPTTVE FISHERS

Inwigator: H. C. Frost

,4dvdson:

Cooperatorx/
Projea
Support:

Objeaivv^t:

W. B. Iftohn, Chairperson
D. J. Harrison
C. R. WsUace

H. C. Gibbs
K. D. Elorve

Maine peeartment of Inland Fisheries and Wildlife
Maine Cooperetive Fish and Wildlife Research Unit

l) Evdgete placental scars and fl|arnm4e size for astimating the pe'fc€trtage

of breoding-age females raising young.

2) Document male and female reproductive cycles by: a) monitoring levels

of reprodrrctive hormnes; b) docurnenting the estrous cycle and

irylmtation dates of fe'males; and c) monitoring testes size, sperm

viability, and baculum development in mrles.

3) Docuoent growth and developme,nt of embryos and kits in captivity.

SCOPE: Common reproductive indices used for fisher managemt are cotmts of corpora lutea, blastocysts'

aad placental scars. Recently, the Maine Cooperative Fish and Wildlife Research Unit documented the

reproductive biology of fishers using radio.telemetry. These shrdies indicate tbat counts of corpora lutea and

blastocysts orerestinate the number of young bom. However, the proportion of adult females with placental

scaf,s wag similar to the proportion of femeles denning and raising yormg in the wild. The use of placental

scars has been questioned because of the reliability of observing then on the uterus and defemining how

long they tr.ain visible. The validity of using placental scars and nramsrae size as estimates for

deternining hon, many females give birth will be investigated. In addition, the male and female

reproductive cycles will be docurnented along with the growth and development of embryos and young.
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PROJECT STATUS: All requirements for the Ph.D. (in Wildlife Ecology) were coryleted in August 1994.
The abstract of the dissertation is as follows:

I studied the reproductive biology, groufih, and development of 82 fishers (Martes penrunti)
between 19G1993. Males (>6 mnths of age) were nonreproductive from June through January based on
regressed testes. Teslosterone levels and test€s size increasd in January and reached a maximum in March,
whereas sperm production was at its naxinum from March through May. Testosterone levels decreased,
testes were regressed, and sperm production ceasd by Jrme. Adult females (>2 years old) were snestrus
from Jtme through March and vaginal comification remained high f6 3 to 5 weeks after the birth of kits (I
birth date : 23 March, n : 14).

I-ryarotonies were performed on adult females which gave birth to evduate placental scar visibility,
and nipple size was measured on all females tbroughout the year. One placental scaf, was formd in I of 14
females vfrich gave birth. Nipple size for nonbrceders re,nained snall througbort the year but increased
slightly during the breeding season in former breeders. Nipple size for curr€ot breeders was larger tban all
otber classes. No overlap occurred ln95% confidence int€n'als betrreen current breoders aod nonbreeders.
Placental scafs appear rmreliable as an estimator of parturition, whereas nipple enlargement is a useful
nreasure of parturition.

The gestation period of fishers was > 10 months, but active embryo developme,nt was < 45 days (n
: 2l). The appearance and development of enbryos were monitored with ultrasoud. Biparietal and body
diameters of fetuses were accurate predictors of parnrrition date.s as early as 23 days prepartum.

Mat€Nral body mass aod litter size were positively correlated (f : 0.59, P = 0.0@). Fishers were
born altricial md remained so until their eyes and ears ope,ned at approximately 48 days of age. After their
eyes opened and they began to eat solid food, body size increased rapidly as did other morphological and
behavioral haits. Body nass rvas similar for males (n : 22) and females (n : 16) at birth, but by 90 days
of age the mean &ily gain of males was twice that of females. Kits were weaned as early as 68 days of age,
corresponding to the time wild kits leave natal dens.

RELATIONSHIP OF BEAVER MANAGEMENT AND WATERFOWL PRODUCTION
IN SOUIHCENTRAL MAINE

Investigaor:

,4dvison:

Cooperaon/
Projea
Srypott:

T. C. McCdl

R. B. Owen, Jr., Chairperson
D. J. Harrison
W. B. Krohn
W. A. Hdteman
J. R. Longcore
P. O. Corr, Ex€fficio
K. D. Elowe, Ex-Officio

Mclntire-Stennis
Hirundo Wildlife Trust
Maine Cooperative Fish and Wildlife Re,search Unit
Maine Departme,nt of Inland Fisheries and Wildlife
Maine Trappers Association
National Rifle Association
Penobscot County Conservation Association

1) Determine the yearly response of the density ofbeaver on an area open to
recreational beaver trapping and an area recently closed to trapping.

2\ Conpare the number of wetlands and surface area of water on both areas.

Objeaives:
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3) Coryare the area of lifeforms of habitat for walerfowl on both areas.

4) Compare the annual r€sponse in the density of breeding pain of selected
q/eterfowl species on both areas.

SCOPE: Beaver ars one of the primary agents influencing wetland creation and dynamics in North America.
Furthemore, beover flowages have been for years as high qualiry habitat for waterfowl and many

other wildlife species. However, it is rmclear how beaver trapping influe,nces beaver densities, wetland
dlmamics, aod waterfowl densities. This study is designed to provide data for better m2negernent of beaver

to (1) ensurc naximum waterfowl and other wildlife habitat, (2) ensure a sustainable beaver hanest, (3)
rninirnize iryact of beaver damage, and (a) maximize aesthetic e,njoyme,nt of wildlife for the public.

One 111 km2 area in south+entral Maine was closed to beaver trapping for 4 years beginning in
1989, whe,reas a similar area remained open to trapping. Each October from 1988-92, the density of active
beaver colonies was determined on both areas fron fixed-wing aircraft. On the trapped area, trappers were

interviewed annually to deternine the harvest of beaver. Each May the number and sizes of wetlands and

the lifeforms of babitat associated with each of the 270 wetlands was determined using aerial photos. From
July-September 1989-y2 each wetland was visited to veriff the accuracy of the data obtained from the
photos. Each wetland was visited in the spring and summer to record the condition of the beaver dam and

the water level. From April-May 1989-92, ground counts of breeding pairs of selected waterfowl specias

were compared on each area.

PROJECT STATUS: All requirements for the degt"" of Master of Science (in Wildlife Management) were

coryleted in May 1994. An abstract of the thesis follows:
Beaver (Castor canadcrcis') flowages are a babitat used by breeding waterfowl and many other

species of wildlife. During 1988-92 in south-central Maine, I determined the density of beaver colonies and

beaver harvest, wetland characteristics, and density of breeding pairs of waterfowl on a 111 km2 area that
was recently closed to beaver trapping and a sinilar area op€Nl to trapping.

Density of beaver colonies increased from 0.15 to 0.32lkn2 (ll3%\ on the untrapped area during
1988-92 but cbaoged liltle (0.194.2011r;d, +5%) on the trapped area. Annual harvest of beaver was highly
correlated with nean pelt price of beaver (r : 0.97). There was a strong correlation between the number of
beaver dams maintaind by beaver and the density of beaver colonies on the untrapped area (r : 0.99) but
little relationship on the tra@ area (r = {.18).

Number of walands m the untrapped area increased from 120 to 134 (12%) and was highly
correlated (r : 0.92) with the de,nsity of beaver coloniqs. On the untrapped area wetlands increased (103-

ll0,7%) during 1989-92 but was poorly correlated (r : {.13) with the density of beaver colonies. Total
snrface area of water on the rmtrapped area increased from 115.4 !o 157.5 ha (36%> with concomitant

increases in flooded lifeforms of vegetation (ope,n water, L2%; emeryent herbaceous, 28%; ericaceous,

lll%; alder/willow, 153%; timber, 81%). On the trapped area, zurface area of water remained stable with
ninor changes in flooded vegetation. Surface water was correlated with the density of beaver colonies on

both the untrapped (r : 0.67) and trapped areas (r = 0.89).
The density of paim of black ducks (,{nas rubnpes) remained relatively stable on both the untrapped

Q7.OllJ-31.510.8/1OOkm2, + 2 pairs) and trapped atas Q7.92.3.1-20.7 +1.7/100 km2, -2.4 pairs)

during 1989-92. Other species of waterfowl increasing slightly to moderately on the untrapped area included

Cenada gw (Branta canadcnsb) (3.6-9.0a0.5/100 km2, 4.9 pain), hooded mergansers (I-ophodyes

cacallatus) (23.010.5 28.8i1.8/100 kd, 3.5 pairs), and mallards (Anas platyrhyncftos) (6.840.5-
12.', +l.#l0[.^ km2, 3.5 pairs). Also, numbers of wetlands used by pairs of each species of waterfowl
increased on the utrapped area.

A ) l-year closure of beaver trapping is sufficient to increase the density of beaver colonies, while
| 2-3 yar closrre is necessary to increase wetland habitet, whereas )3-4 years is required to begin
influe,ncing waterforvl. Although increased wetland habitat created by beaver on the untrapped area had a

slight to moderate influe,nce on the density of waterfowl, it probably benefitted many other species of
wildlife as well.
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Investigator:

,4dvisors:

Cooperaort/
Projea
Sttpport:

SPATIAL CHARACTERISTICS AND DISPERSAL OF AN I]NEXPLOITED
POPI]LATION OF MARTENS IN A FOREST PRESERVE

,

D. M. Phillips

D. J. Harrison, Chairperson
W. B. Krobn
K. D. Elowe
W. A. Halteman

Mclntire-Stennis
Maine Ueeartnent of Inland Fisheries and Wildlife
Baxler State Park
Hinrndo Wildlife Trust
Penobscot County Conservation Association

l) Coryare spetial characteristics of an rmexploited marten population with a
recently studied population in an area characterized by extensive timber
barvesting and intensive trapping.

2) Document the extent of home range fidelity for martens across seasons

Objeaives:

and years.

3) Document characteristics of dispersal in an rmexploited population of
mertens.

SCOPE: Martens (Martes americaru) are commonly considered habitat specialists and indicator species of '

mature coniferous forest. The species is also vulnerable !o overexploitation by trappers. Since 1985,
population indices have shown a declining hend in the number of martens in Maine, which zuggests that the
species' numbers may have been affected by recent extensive clearcutting and liberal trapping regulations.
Most studies of martens have involved exploited populations and/or study areas rmder intensive forest
m4ragement. A comparison of spatid characteristics of two populations of martens in areas characterized by
differe'lrt disturbance regimes oay reveal differences in the qudity of habitat for the species.

As a result, our goal is to document qpatial characteristics (e.g., home range size and indices to
home range size, seasonal and annual home range shift, spatial overlap of home ranges) of martens in a 60
km2 area of Baxter State Park, and compare them with the results of a recently completed study in an area
characterizrd by extensive timber harvesting and inte,nsive happing. Within the Baxter population, we will
lest for differences across seasons and across years in home range size and indices to home range size. We
will also test for differences acrioss seasons and across yean in the positions of home ranges on the
landscape, and in the degree of spatial overlap of home range.s. We will the,n compare the two populations
of martens by tasting for differences between sunrner home range sizes, and benveen indices to home range
size. The exieNrt of tenitoriality will be conpared by testing for differences in overlap of home ranges
between the two populations.

Recent timber harvesting has caused habitat fragmentation, and has increased the network of roads
that provide access to martens by trappers. The effect of these unnatural obstacles on the ability of martens
to disperse long distances is rmclear. Baxter State Pa* may b serving as a refugia, supplying a sustained
annual hanrest of martens in the adjacent commercial forestland. Otrr goal is !o document characteristics of
dispersal (e.g., timing, distan@, directionality) for an unexploited population of martens in a forested
preserve, and to identiry natural and human generated barrierc to dispersal. We wilt test for differences in
the proportion of martens moving outside the park with the lemaining inside the park. We will
also test for differences in directionality of dispersal movements from protected 6d rrnFrotected areas. We



37

hypothesize that poorer quality babitat with decreased social pressure outside the park will r€sult in non-

random patterns of dispenal.

PROJECT STA?[/S.' All requirenents for the degree of Maser of Science (in Wildlife Ecology) were

coryleted in August 1994. An abstract of the thesis follows:
Results from previous reseerch $ggest tbat Arericm merten (Motet uuricuu) require meture

forest hebitat; however, the relationship of trapping and timber harvestiag to performance of marten
poeutations is not well documented. I coryared sexqecific indices of performance (i.e., density, age

stnrctur€, sex ratio, percent of females lactating, home-rmge area, percent of occupied a^rta, md intrasexual

overlap of home ranges) for 61 non-jwenile € I year) marten (27 M,34 F) that were radio-monitored in a

forest preserrre (Baxter State Park), with measues of performance for 28 non-juvenile marten (14 M, 14 F)
monitored in an industrial forest (Ielos). The preserve was cloeed to trapping and tinber harvesting for )
35 years, and the indushial forest was cbrltzr,,terJzd by intensive trqping and extensive timber harvesting.

Density of non-juvenile resident marteo during summer in the forest pr€serve was 4.86 times the

density in the industrial forest. Mean sex-ratios of non-juvenile rnartelr we're sinilar to 1:1 in Baxter (1.1:l)
and Teloa (0.85:1). Male marten were older (P < 0.001) in the forest preserve; fewer yearlings (1-2

years) md more adults E 2 years) were livetrapped in the preserve. Allernatively, no difference in age

structue of females (P : 0.181) or in the proportion of non-jwenile Ql year old) females lactating @ :
0.460) occurred between sites. The proportion of adult Q2 years) females that lactated in early summer was

not different (P : 0.949) between sites.

l,ower d€nsity in the industrid forest was associated with increased range size (P : 0.002) and

rcduced spatial ovedap for non-juvenile males; however, I observed no difference in raage size (P : 0.?57)

behveeo lactating females in the forest pfeserve and the industrial forest. Male ranges were larger @ :
0.023) tban ranges of lactating females in the industrial forest; however, range areas did not differ @ :
0.590) betr*'een sexes in the forest presente. A lower p€rcent of the indushial forest was occupied by
rnerten, and mnles occupied a greater percent of the available spg fhan females on both site.s. I obsenred

gr€ater intrasexual overlap anong male ranges in the high density than h the low deirsity population;

however, female mafien shard <2% of their range area with consexuals on both sites. My data suggest

tbat males in tbe low density population increased range area to increase :rccess to mates, and that social

pressure was greater for rnales in the high d€nsity population. Overall meesures of population performance

did not differ between marten inhabiting the forest preserve or the industrial forest. Females may occupy

ranges of coryarable babitat quality in logged and rmlogged areas via bbitat selection at the landscape

scale. Recently harvested forest staads are disproportionately excluded from marten ranges; thus effects of
loggrng appeard to result from reduced denstg in harvested landscapes.

The influence of season on population d€nsity, and size and location of marten ranges has not been

docunented. Knowledge of seasonal variation in population characteristics would improve interpretations of
the seasonal importace of specific babitats. I examined seasonal and annual variation in population density

md range atea, and documented the extent of range fidelity for marten of each sex in the forest preserve.

D€nsity of non-juvenile marten in the Baxter preserve varied by only 0.09 marten/krn2 across 3

winters (l Nov-31 Mar) and by 0.16 narten/km'?across 3 sruilners (15 May-31 Oct). Mean density did not
differ betrreen summer (0.68 mart€n/kn) and winter (0.67 narten/kn); however, density of males during
winter was consistently higher than females. Indices to sex-specific range area did not differ betrreen early-
(l Nov-31 Dec) and la!e- (l Jan-31 Mar) winter for males (P = 0.266) and females (P : 0.782), or
betrpeen winter and sumrer for males (P : 0.637) and females (P : 0.248). All of 19 males and 5 of 13

females monitored ) I season exhibited a high degree of range fidelity; however, 4 females abandoned

previously established ranges and began over large ateas, and 4 additional females were

when livetrapped. Male ranges may have shifted in late-winter in response to wandering females

that established reside,nt rang6; however, males maintained access to areas used during the prcvious

suruner. My data suggest that females abandoned their range in response to increased social pressre
associated with high population density, whereas rn"les shifted or shared area with consexuals in the high

d€nsity population.
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Knowledge of dispersal characteristics ofjwenile marlen could assist mrnagers in developing
strategies to Eaintain viable populations in commersial forest landscryes; however, specifics of dispersal and
survival probabilities of newly ind€psd€nt jwenile merteo bave not been documented. I docurented
timing, distance, rate of travel, and directionality during dispersal, and documented survival probabilitie.s for
28 juvenile (3 I year; marten (14 M, 14 F) that were radiocollared in the Baxter Park preserve.

Dispersal ofjuvenile marten began prior to Augrrst 2i7; there wEre no sex-specific diffe,rences in
timing or rale of travel (P = 0.828) during dispersal. I obeerved no difference in rninimum distance
travelled during dispersal (P = 0.521) for males (Edian = 14.3 krn) or females (nedian : 12.0 km).
Directions of final dispersel relocations were distributed uniformly around the study area, md marten
exhibited a rmdom walk pattern of movement during dispersal. Natural nortality ofjuvenile nrarten was
high prior to trapping season; however, marten to mid-November ha6l s high probability of
surviving to spring. Fur trapping should be conducted as eerly as possible tsr rninimiza additive mortality
md increase recnritment ofjuvenile marten. Local populations of marten should be spaced < 12.0 km to
ensure exchange of individuals, thus enhancing viability of metapopulations.

POPI]LATION ECOLOGY OF FEMALE BLACK BEARS IN MAINE

Investigaor:

'Mvisort:

C. R. Mcl-aughlin

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

Maine Deeartm€nt of Inland Fisheries and WildlifeCoopaaors/
Projea
Snpport:

Objeaives: 1) Describe the survival, fecrmdity, md population densities of female blbck
bears living in MDIFW study areas from 1982-1990.

2) Assemble the above parareter estimates into a predictive population
nodel.

SCOPE: The black bear has evolved into an important hophy big-game species in Maine, with considerable
public interest in the welfare of the resource. Since 1985 Maine Deeafin€nt of Inland Fisheries and
Wildlife's (MDIFW) $gar m2nagemelrt goal bas been to maintain 19E5 levels of bear distribution and
abudance (21,000 bears).

Increasing harvest pressure and changing habitat conditions necessitate careful monitoring of the
state's bear population to meet mrnagement objectives. Greater knowledge of population dynamics is needed
to reliably assess iryacts of rnanagement actions and habitat alterations on the bear resource.

This research is designed to document age-specific survival and fecrmdity of female bears in Maine,
and describe their population dynamics. Of particular interest are the iryacts fluctuating fall food supplias
and hunting harvests have on the growth ra0e of female bear populations.

These relationships will be investigated using a eomput€r model based upon paf,alneter estimates
from field data. The nodel should improve prediction of population rcsponses to rnanagement actions and
habitat changes. It may also e,nhance MDIFW's ability to monitor the state's bear population. Model
construction and testing will include extensive sensitivity analysis, which should provide insight into the type
of .lqte needed, and required precision in data collections for reliable monitoring of population parameters.
The model should also become a vehicle for developing and testing statewide population monitoring
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lecbniques. Observd chaages in population status of bears living within MDIFW study areas will provide a

basis for waluating harrrest-related monitoring techniques. The Eodel could be used to further test the

sensitivity of new monitoring techniques over a wide range of population conditions.

PROJECT ffAItlS.' Survival and reproduction data bave been analyzrd. Several preliminary coquter
models have boen constnrcted in QtrickBasic. Each strcceeding nodel inchded additional coryonents; the

current nodel describes the life history of female bears in considerable &tail. The model is a Leslie natrix
design, and accommodates variation in surrrival during 2 periods (pre-hrmting seaaon and hunting season),

flgctgating age of first reproduction, aod variation in frequ€ncy of variors-sizpd litt€N, [t!er sex ratios, and

litter production. D€nsity dependent survival of srbadults is assumed to be the principal factor regulating

go$ah in the absence of harve$. S€nsitivity aoalysis has begn to wduate cbanges in nodel
output with cbanging paratrJer values, aod indicste needed precision of inprt data. Sensitivity analysis will
continue, utilizing large numbers of simrlation runs with progressive alte'rctions of parameter vdues.

Comparisons of simulation r€sults should identify md qumtify the model's seositivity to variation in
parareter vdues. Additional complexity (i.e., stochastic effects and behavioral influences) wil be

incorporated into the model structurE, with progressive s€nsitivity onalysis as appropriate.

FWURE PLINS: S€nsitivity should also help identify ninimum acceptable sampling intmsities for
poeulation paraneters. Afrer the model is refined using Spectacle Pond data, it will be tested by starting

with data collected on the Bradford shrdy area in central Maine. C.onparisons of model output to observed

changes in population dynamics on the Bradford area will be made, and if further model refinement is

required, data from the Stacyville study area (northcentrd Maine) can be utilized for further testing.

INTERACTIONS OF WHITE.TAILED DEER AND COYOTES ON
MOI]NT DESERT ISI-AND, MAINE

Investigaon

,4dvdsotsz

@operuow/
Projea
Support:

Objeaiws:

S. L. Gl8ss

D. J. Ilanison, Co-Chairperson
A. F. O'Connell, Co-Chairperson
J. R. Gilbert
K. D. Elowe
W. E. Glanz

National Part Senice - Acedie Nationd Parh

University of Maine

1) Estinale cause.specific nortality rates for radio-collared female while-
tailed doer on Mount Desert Island.

2, Assess patt€rns of spatial overlap among coyotes aad white-tailed deer

social groups to determine whether coyotes influeirce available habitat for
deer in Acadia National Part.

3) Using mortality mtes estioated via objective #1 and a stochastic

simulation model, assess the effect of various causes of mortality on
population dynamics of deer in Acadia Natio'nal Park.

4> Compare social stnrcturc of coyote family groups on Mormt Desert Island
with mainland coyotes in eastern Maine.

SCOPEz Deer populations in many eastertr National Parks have been increasing to the extent that vegetation
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and species coryosition are showing significant negative effects. Acadie National Park (ANP) is an
exception; since 1968 no evidence of widespread overbrowsing has be€n documented. Recent studies
suggest that d€er populations have declined in ANP since 1980.

Coyotes colonized Mormt Desert Island (MDI) in the early 1980's md are polentially a significant
predator on deer on MDI. Studies of food babits srggest tbst tbe use of deer by coyotes during srmmer and
autumn is high relstive to mainland areas. In addition to direct predation, spatial interactions betwee,n
coyotes and deer may potentially affect deer populations.

From August 1991 to August 1994 we investigated cause-specific nortality of deer, assessed
patt€rns of movement aod spatial overlap between coyotes and deer, and examined the social structure of
coyotes on MDI.

PROJECT STATUS: Field wo'rk was initiated in August 191. Forty-three coyotes (25 females, l8 nates)
from 6 different family groups have beea captured and equip@ with transnitters. Twenty adult deer (13
females, 7 nales) also have been equipped with transmitters. Relocations have bee,n obtained l-3 times per
week. Coyote social stnrchre on MDI is characterized by delayed dispersal with at least 1-2 juveniles in
each fanily unit assisting with the raising of the subsequent litter. Mortality sources documented for deer
on MDI have been coyotes, drowning, domestic dogs, and vehicles.

FWARE PLI/uM Sz Coyote and deer trapping was concluded in April 194. Relocations were obtained
through August 1994 on all radioed animals. Data analysis will begin during November 1994, with an
expocted date of project completion of August 1995.

POPIJLATION STATUS AND HABITAT USE OF
BLAI{DING'S AND SPOTTED TURTLES IN SOUTHWESTERN MAINE

Investigator:

,4dvisors:

Coopaators/
Projea
Snppott:

Objeaives:

L. A. Joyd

M. L. Hrmter, Jr., Chairperson
M. A. McCollough
D. J. Ilarrison
K. E. cibbs

Davis Conservation Association
Maine Department of Inland Fish and Wildlife
Maine Audubon Society
University of Maine

1) Estimate population size; density; and sex, size, and age stnrcture.
2) futac/,e.nzn home ranges and terrestrial movements, and determine if

they are affected by wetland isolation.
3) Document halching dates, hatching suoeess, harchling movements, and

habitat use by hatchling turtles.
4> C\aracterin wetlands and upland areas used by each spocies and

detemine if c€rtain habitats are used at different times of the year 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 prese,nt population status of
each species is poorly knoum. Neverthele.ss, knoum populations of Blanding's and spotted hrrtles occur
prinarily in York Count5r, whene the human population is rapidly growing. Increased development
associated with human growth has resultd in the filling of ma.I wetlands and possibly the pollution of
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others. Developoent may dso fragn€nt babitat and canse turtle populations 3o become isolated and face a

geater risk of local extinction. Wetlads less than ten acr€s, commonly used by both species, ef,e aot
protected througb existing stete legislation. Hsbitet informatim is noeded in order to irylement hsbitat

nnasures through the Maine Endangercd Species Act and Natural Resources Protection Act.

PROJECT STA|US.. The second and last field season is nearly corylaed. Wetland surveys were done in a
second study alea as well as repeated in the original study area. Radio'transmitters were again placed on

turtles of both species !o determine movements and habitet use. These turtles are still being monitored

periodically until hibernation when the tran$nitt€rs will be re,ooved. Nests wil be dug up in October to

detemine clutch sizes and halching suecess. Efforts to determine movements and habitat use of harchlings

were unsucoessful due to inclement weafher. Data enalysis is in progress.

FUTURE PIJINS: Finish analyzing data and corylete thesis.

HABITAT SELECTION AND INFLI]ENCE OF FRAGMENTATION
ON MARTENS IN NORTIIERN MAINE

Investiguor:

,4dvison:

T. D. Chepin

D. J. Harrison, Chairperson
W. B. Krohn
S. A. Sader
K. D. Elowe

Mclntire-StennisCoopaaorc/
Projea
Support:

Objeaivzs: 1) Determine seasonal habitat selection by martens in an rmtrapped, forested

pr€serve.

2\ Determine the relationships anpng characteristics of forest fragments and

use intensity by nartens in a heavily timber-hanested area.

3) Determine characteristics of habitat that influence home range size.

4) ; Compare habitrt selection by nartens in a continuous, rmhapped forest
' and in an intensively trapped and tinber-barvested area.

SCOPE: Sore of the highest densities of martens recorded occur in Baxter Stale Pa* (BSP), an area of
contiguous forest with an abrmdance of nature hardwoods (beech, birch, and naple). This association seems

conhary to the habitat associations that have been develo@ for martens, based primarily on s$dies in the

western US. Some studies in the eastem Uoited States have documented that martens nay use mixed-wmd
or e\ren herdwood stmds extensively. Habitat qnality for martens mey b related to the amormt of coarse

woody debris (CWD) on the forest floor. If the amormt of CWD is not related to cover type, assessment of
habitat selection based on cover bryes alone may be nisleading. Thus, in the west, where softrrood forests

have more CTfD thao hardwoods (aspen), cove,r-type selection probably reflects marten habitat associations.

In the east, however, the relationship between cover t,?e and C'[VD may b less distinct. To better
gnderstand the habitat associations of martens in the east, I will assass seasond habitat selection by martens

in a forest prcserve and evaluate the findings with respect to relative amormts of CWD in the habitat tlpes.

The literature suggests that extent of forest fragne,ntation may influe,lrce habitat qudity for martens.

The specific characteristics of fragUentation that affect martens are poorly tmderstood. Martens have bq
documented to use rprrmant stands as small as 300 m2. However, characteristics such as isolation of stands

have not been examined relative !o marten use. I will coryare spatial cbaracteristics of forest patches, such
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as sirc, shape, and distance to aoother forest stand, between patches used and Eused by nartens. I will also
relate habitat-based spatid characteristics of home ranges, such as perc€nt logged, or habitat diversity, with
size of home raoge. This relationship will be used as one index of the influence of the,se habitat variables on
population perfomance.

PROJECT STAITIS.' To d^te,28 non-juve,nile resid€nts in Telos aod 36 no-jwenile reside,nts in Baxter
have been saryled srfficie,ntly to coryute 95% MCP home ranges, and potential residents, with < 5
relocations, are being evaluated for inclusion in hebitat malyses. Aerial photographs of the Baxter study
area (approximately 50 km) bave been interpreted and incorporated in a GIS database, and existing
coverages of the Telos Study area are being used. Ilabitet tlpes have been classified based on canopy
heigbt, canopy closure, and species composition, and babitat polygons have boen chzracteizd based on
prcs€nce of spruce budworm infestation.

FWURE PIINS: Preliminary rcsults have be€n obtained for most analyses. Thesis preparation will begin
in November 194, nd should be coryleted by March 1995.

MORTALITY OF WHITE-TAILED DEER FAWNS AND RELATIVE
SNOV/SHOE HARE ABUNDANCE ON MOIJNT DESERT ISLAND, MAINE

Investigaor:

,4dvisors:

R. A. Inng

D. J. Ilarrison, Co{aairperson
A. F. O'Connell, Jr., Co-Cbairperson
J. R. Gilbert
A. S. While

U.S. National Park ServiceCooperators/
Projea
Support:

Objeaives: 1) Docume,nt cause specific mrtdity rates of whiie-tailed deer fawns on
Mount Desert Island (MDD, Maine.

2, Estinale the relative abrmdance of snowshoe hare on
MDI and compare this with a population from the rnainlsad.

SCOPE: Studies of utilization of key browse species by white-tailed deer (Odocoilcus virginianw) in 1980
and 1990 on Mormt Desert Island, Maine concluded tbat deer populations w€re stable or had declined over
this period. MDI is closed !o all deer hunting and the study's findings are contrary to trends see,n in other
non-hrmted populations in the eastem U.S. where deer numbers have increased in response to the absence or
reduction of predarors and changes in land rnmagement practices. In some places deer densities are at the
point where they are negatively affecting natural plant communities and malnourishme,nt is occurring. This
is not the case on MDI where studies bave shovm no over-utilization of vegetation and a healthy deer

In the mid-1980's a study was initiated to examine cause-specific noraliry rabs of adult deer
and also to investigate deer/coyote interactions on MDI. To augment this study, a companion study was
initiated to look specifically at cause specific rales of fanm mortality on MDI utilizing radio-telemetry
tecbniques.

In addition, previous studies of food habits of eastern coyotes (Canis latrans) on MDI suggest'a
lower use of snowshoe hate (I*Vtts unericarus) rhan on the adjacent rnainland. Therefore, the relationship
benveen hare density and understory density will be evduated as an index to the abrmdance of hares on MDI
!o determine if the lower use is related 3o a lower availability. This information will be useful in evaluating
differences in social behavior and food use by coyotes on MDI and the adjacent mainland. Additionally,
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petterns of relative snowshoe hare abrmdaoce and use by coyotes wil be betrveen MDI and a

previous shrdy on fts mainland in hopes of gaining sone insigbt into factors affecting the social behavior of
coyotes.

PROJECT STA?[/S.' We radio<ollared 24 fawns druing Jrme and July of 1992-194 and located each fawn

daily rmtil the collar was lost or death occurr€d. Analyses ar€ not yet corylete, however, a wide range of
mortality factors have been observed including automobiles, pr€dation by wild canids and domestic dogs,

orphaning, and drouming.
We cormted mowshoe hare pellets on 1380 pellet plots at the €od of each seiNson (eaf{tr' leafon)

in 1994. We elso cormted rmderstory stem on 552 vegetatim plots. Pellet and ste'm counts will be used to

describe the relationship betrveern snowshoe hare d€nsity md rmder$ory d€osity on MDI. This relationship,

combined with previously conducted uderstory st€m couts covering mrch of the island, will be used to

compsrc the relative abrmdance of hares on MDI to the adjacent mainland.

FWURE PL/NS: Telemetry data is currently being coryiled to allow estimation of cause-specific favm

nortality rates. Ilare pellet cormts will be rcg€ssed on vegetation dafa and evaluated with rcspect !o stem

distributions from MDI and the mainland. The anticipated date of project coryletion is May 1995.

Invustigator:

,Mvisort:

NUTRITIONAL ECOLOGY OF WHITE.TAILED DEER
IN WINTERING AREAS IN MAINE

S. S. Ditcbkoff

F. A. Servello, Chairperson
K. D. Elowe
M. R. $tokes

Mclntire-StennisCooperuon/
Projea
Support:

Objeailes: 1) Coryare the nutritiond status of deer in northern and central Maine
during winler.

2) Coryare the nutritional status of deer in snall and large wintering areas

in northern Maine during winter.
3) Compare relative availability of high quality forage, including litterfall,

for deer in harvest€d and unharvested softwood stands during winter.

SCOPE: Deer wintering aleas are critical to the survival of deer during winter in Maine, and therefore it is
important that these areas be protectod gnd mrnaged to provide optimal deer winter habitat. By using urine

analysis techiques to evduale the nutritionel condition of deer as winter progresses, it may be possible to

gain insight indo tne quality of particular wintering areas. This technique has only rece,ntly been developed

aod hss had linitd testing in field situations. Thus, the ultimate goal of this portion of the study is to

evaluete urine anelysis techniques for use in Maine.
Previous rcsearch zuggests that deer may not be able to nrbsist solely on hardwood browse during

wint€f,, but may rcquire high quality forages such as lic.b€ns and litterfall to increase overqrinter sundval.

Yet, t)?icel deer winsering alpg rnqnrg€)rnent prescribes cutting in wintering areas to maintain a variety of
timber age classes and increase the biomass of available woody browse, thus reducing, or eliminatrng,

litt€rf8ll and lichens previously available to deer.
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PROJECT SMTUS: I collected urine saoples binonthly fron deer populations in 10 wintering areas during
January-March 1993. Samples have been analyzed for urea nitrogen, potassftrm, sodium, phosphonrs, and
calcium to assess the nuhitional status of deer in these wintering areas. During the winler of 1994, I
collected littdfall in unharve'sted softrvood stands and estimated woody browse biomass in harvested and
unharvested softrrood stands in deer wintering are{s to compase biomass availability at diffelent diet quality
levels.

FWURE PI-4NS: Project coryletion is expected in Dece,nber 1994.

POPI]LATION TRENDS AND HABITAT USE OF HARBOR SEAIS
ALONG TIIE MAINE COAST

Investigator:

,4dvison:

Cooperators/
Projea
Suppon:

M. K. Kenney

J. R. Gilbert, Chairperson
W. B. Krobn
J. A. Wilson

National Marine Fisheries Service
Maine Departnent of Environmental Protection
Maine D€eartm€nt of Inland Fisheries and $/ildlife
University of Maine -

Departne,nt of Wildlife Ecology

Objeaivw: l) Estimate population size of eastern Atlantic harbor seals on Maine's coast
md coryare with the 19E2 and 1986 population suffeys.

2) Document harbor seal distribution and habitat use during pupping and
molting seasons to identifr high use coastal areas.

SCOPE: Srnrll sections of the coast of Maine have been surveyed for barbor seals since 1971. Two
corylete oensuses of Maine's coastal ledges were conductd in 1981 and 1986 indicating an increase in the

Most harbor seal pups are born north of the New Haryshirell\,Iaine border during late May and
early June at sheltered sites. By August, the pups have dispersed while adults agrygate on the outer ledges
to begin their molt.

The National Marine Fisheries Service (NMFS) contracted with the University of Maine to conduct
a population survey during pupping seias(,n, replicating the l98l and 1986 June surveys. Both this June
sufley and an August suney will provide information on habitat use and changes in distribution during
the,se annual periods of stress.

PROJECT STATUS: Survey flights covering the islands and ledgas coast of Maine between the Isle of
Shoals and the C.anadian border were coryleted during the pupping season in Jrme 1993 and during the molt
in August 1993. Cormts from the June survey have been entercd into the database and a report is being
coryleted for NMFS by December 1993. Slides from the August survey are in the process of being
cormted.

FWURE PL4NS: I-edge and island characteristics such as size and substrate will be compiled into the
database from Nationd Oceanic and Atmospheric Adninistration charts, National Wetland Inventory maps,
and slides. Analysis will include comparisons benpeen pupping and molting sitqs and sites which remain
rmused.
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ON

Invv*iguor:

,Mvison:

Coopauorc/
Projea
Support:

EFFECTS OF TIMBER HARVESTING AND TRAPPING
IIABITAT SELECTION AND POPULATION CHARACTERISTICS

OF AMERICAN MARTEN IN NORTHERN MAINE

D. C. Payer

D. J. Ilarrison, Chairperson
W. B. Krohn
J. R. Gilbert
K. D. Elowe
R. J. Seymour

Maine peeartment of Inlaod Fi$eries and lVildlife
University of Maine -

Oepartment of Wildlife Ecology
Baxter Stale Park
Maine Forest Seryice
National Cormcil of the Paper Indusky for Air and

Stream Improveme,nt
Mclntire-Steirnis

1) Document and coryare seasonal habitat selection by martens in an
untrapped forest preserve, an untrapped industrid forest, and a trapped

industrial forest.
2) Document and compare population characteristics (i.e. home raoge size,

inter- and intra-sexual home range ovedap, density, age and sex structure,
survival and perce,nt females lactating) of martens in an untra@ forest
pr€serve, an wtrapped industrial forest and a trapped industrial forest.

3) Document and compare microhabitat characteristics betrveen forested areas

(>6 m in height) with different intensities of use by resident, non-
juvenile martens in an industrial forest with trapping closue and a forest
preserve.

Objeaives:

SCOPE: Much recent rcsearch with irylications fs,r 'n nagem€nt of the American maf,ten (Martes
anericaru\ in the U.S. and Canada has focused on habitat alteration associated with timber barvesting.
Although bebitat loss through timber harvest has undoubtedly contributed to declines of some marten
populations, the relative contribution of increased marten barvest following the construction of forest roads
hes not bee,n fully elucidated. This is a significant oversight in light of the species' vulnerability to
overhanest associated with ease of capture, low reproductive rates and relatively high pelt value. In fact,
overtrapping has been inplicated in large-scale declines of marten populations during the early 1900's, and
has contributed to declines in modem populations as well.

The effects of timber harvesting and trapping on marten population viability must be isolated to
effectively rnrnego for sustained marten populations while providing reasonable opportuities for exploitation
of forest products (i.e., timber and fur). We will attempt to isolate these effece by concurre,ntly studying
marten bebitat associations at three spatial scales (position of the hone range on the landscape, selection for
ovensory chafacteristics within the home range and use of microhabitat features within selected occupied
areas) and cbaracteristics in three contigrrous sites in nortbc€ntral Maine. The sites will differ in
regards to habitat alteration and trapping pressure as follows: 1) timber harvest and trapping; 2) timber
harrrest and no trapping; and 3) neither timber harvest nor trapping.

PROIECT STATUS: Since May 1994,43 mefiens (19 females, 24 nales) have bee,n radiocollared on the
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three study sites. Relocations were obtained at least 3 tines per week via gtormd and aerid telemetry
tbrough 31 August 1994. Martens are currently being monitored l-3 times per week.

FWURE PL/NS: Mafiens will be traped md radiocollared annrnlly through Jrme 1997. Relocations of
radiocollared 6imals will be obtained through April 1998. Microhabitat sanpling will occur during
sununer 1995 md 1996. Dala analysis will poceed with field work. Expected project
coryletion date is August 1998.
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PTJBLTCATTONS, THESES AIYD DTSSERTATTONS,
PROFESSIONAL Ar{D PUBLTC TAIXS GWEtr{, AND AWARDS

SCIENTIFIC PT.'BUCATIONS

ARTHI R, S.M., T.F. PARAGI, and W.B. KROHN. 1993. Dispersal ofjwenile fishers in Maine.
Journal of Wildlife Management 57(4): 86t-E74.

HARTLEB, C.F., J.D. MADSEN, and C.W. BOYLEN. 1993. Environmental factors affecting seed

gerninstion of Myiophyllun spicdm L. A+ntic Botany 45:15-?5.

HARTLEY, R.W., and J.R. MORING. 1993. Observatims of black berss (Centrardtidac) corrfned during
angling toumen€nts: a cautionary note concerning dissolved oxyg€,n. Aquaculture and Fisheries

Manesem€nt 24:57 5-579,

KROHN, W.B., S.M. ARTHUR, and T.F. PARAGI. 194. Mortalig and wlnerabitity of a heavily

trapped fisher population. Pages 137-145 (Chapter 8) iz S.W. Buskirk, A.S. Harestad, M.G.
Raphael, and R.A. Powell (editors). Martens, sables, and fishers: bioloiry and conservation.

Cornell University Press, Ithaca, NY. 484p'p.

MARKOIVSKY, J.K., GLAIIZ, W., and M.L. HUNTER, JR. 1994. U/hy do brown tremblers tremble?

Journal of Field Omitholog.v 65Q):247'249.

MARZLIjFF, J.M., R.B. BOONE, and G.W. COX. 1994. Historical changas in populations and

penceptions of netive pest bird spocie.s in the west. Studies in Avian Biologv 15:?-02-?20.

MORING, J.R. 1993. Checklist of the tidepool fishes of Maine. Maine Naturalist 1(3):155-160.

MORING, J.R. 1993. Effect of angling effort on catch rat€ of wild salmonids in streams stockd with
cetchable-size trout. North American Jouroal of Fisheries Manaeemqrt l3Q)2234-237.

MORING, J.R., G.C. GARI\{A}.I, and D.M. MI]LLEN. 194. Effects of loggrng practices on fishes in
streams and techniques for protection: a review of four sMies in the United States. Pzges 194-2O7

ir I.G. Cox (editor). Rebabilitation of Freshwater Fisheries. Fishing News Books, Oxford, Unitd
Kingdom.

O'CONNOR, R.J. 1994. Population patterns and process paraneters - issues in integrating monitoring and

models. Pages 283-300 iz R.J. Ke,ndall, and T.E. I:cher, (editors). Wildlife toxicology and

population modeling: integxard studies of agroecosystems. CRC Press, Boca Ralon, FL. (Society

for Environrental Toxicology and Chemistry, Washington, D-C.).

SCHOOLEY, R.L., C.R. MC LAUGHLIN, G.J. MATIILA, JR., ard W.B. KROHN. 1994. Denning

chrcnology of female black bears: effects of food, weather, and re'production. Journd of
Mammalogy 7 5Q'1:66477 .

VANDERHAEGEN, W.M., W.B. KROHN, and R.B. OWEN, JR. 1993. Effects of weather on

earthworm abundance and foods of the American woodcock in spting. Pages Zi-31 iz J.R.

Longcore, and G.F. Sepik (editors). Proc. Eth Anerican lvoodcock Symposium, U.S. Fish and

Wildl. Serv. Biol. Rept. 16, Washington, DC. l39pp.
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VANDERIIAEGEN, W.M., W.B. KROHN, and R.B. OIVEN, JR. 1993. C-are, behavior, and gowth of
captive-reared Anerican woodcocks. Pages 5765 iz J.R. Longcore, and G.F. Sepik (editors).
Proc. tth Anerican Woodcock Symposium, U.S. Fish and Wildl. Serv. Biol. Rept. 16,
Washington, DC. 139pp.

VAI{DERHAEGEN, W.M., R.B. OIVEN, JR., md W.B. KROHN. 19'4. Metabolic rate of American
woodcock. Wilson Bulletin lO6Q)2338-343.

TECHMCAL A}.ID SEMI-TECHMCAL PT'BLTCATIONS

BOONE, R.B. and W.B. KROHN. 193. Assessing biodiversity: I progr€ss r€port on the Maine Gap
Analysis (AbshacD. Ptges273 iz R.D. Briggs, and W.B. Krobn (editors). Nurturing the
nortbeastern forest-stewardship in a changing culture. Proceodings of ajoint meeting of the New
England SAF and Maine Chapter of TWS. Maine Agdcultural and Forest Exper. Station Misc.
R@t. 382,zE9pry'.

BOONE, R.B. 1993. "World's biota set straight.' Baneor Daily News, December 8, 1993.

BRIGGS, R.D., and W.B. KROHN (editors). 1993. Nurnring the nortbeastern forest-stewardship in a
changing culhre. Proceedings of a joint meeting of the New England SAF aad Maine Chapter of
TWS. Maine Agricultural and Forestry Exper. Station Misc. Rept. 382,28W.

DE MAYNADIER, P., and M.L. HUNTER, JR. 1994. "Keystone support a letler to the editor.'
Bioscience Yol. 44, No. l.

HARTLEY, M. 1994. Passerine abrmdance and productivity indices in grasslands managed for waterfowl
nesting cover. Trans. 59th No. Am. Wildl. and Natur. Resour. e-rllnf. 3?2-327.

HUNTER, M.L., JR. 1993. Some ideas about New Forestry in Nerv England. Pages 6-15 iz: Briggs,
R.D. and W.B. Krobn (editors). Nurturing the northeastern forest. Maine Agricultural and
Forestry Experiment Station Misc. Report 382.

HUNTER, M.L., JR. 1994. What is biodiversity? The Maine Scholar 7:65-74.

KELIEY, C., E.O. GARTON, W.B. KROHN, L.S. MILIJ, J.M. SCOTT, K. WILIJAMS, ANd B.
CSUTI. 199a. Assessing the predictive ability of Gap Andysis vertebrate distribution maps. Iz
Scott (coryiler). A handbook for Gap Analysis, USDI National Biological Survey, University of
Idaho, Moscow, ID. Unpaged

KROHN, W.B., and K.D. ELOWE. 1993. Understanding a harvested fisher population - do the pieces fit?
Maine Fish and Wildlife 35(3):6-ll.

SPICER, A.V., and J.R. MORING. 194. 1G4, Sdar. Maine Fistr and Wildlife 36Q):6-9.

THESES AND DISSERTATIONS

ABBOTT, C.C. 1994. The effects of watershed acidification on nercury uptake in brook trout (Salvelirus
forxinatis). Master of Science Thesis, University of Maine, Orono. 56pp.
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COLE, M.B. 1994. Summer movem€nts and habitat use by three size classes of smallnouth bass

(Micropterus dolonieu) in Green I:ke, Maine. Mast€r of Scieoce Thesis, University of Maine,
Orono. 95pp.

ESCHHOLZ, W.E. 193. Moose activity in clearcuts after conifer release with glyphosate. Master of
Science Thesis, University of Maine, Orcno. 63pp.

FROST, H.C. 1994. Reproductive biology of captive fishers. Ph.D. Dissertation, University of Maine,
Orono. ll4P'P.

GRAY, P.B. 1993. Effecs of digestible e ergy conteNrt of winter forages on white-tailed deer nuhitional
ecology: Inplications for measuring forage availability in de€r areas. Master of Science

Thesis, University of Maine, Orono. 56pp.

HOCKETT, K.S. 194. The effects of cover and a model kingfisher on the anti-avian predator response of
juvenile Atlantic salmon (Salno salar). Master of Science Thesis, University of Maine, Orono.

l35PP.

KITCI{ENS, C.G. 194. Variables affecting babitat use and movements of American black ducks and

mllards on the Missisquoi National lVildlife Refuge. Master of Science Thesis, University of
Maine, Orono. 72pp.

McCAII, T.C. 1994. Relationship of beaver rmnagenrnt and walerfowl production in southce'ntral

Maine. Master of Science Thesis, University of Maine, Orono. 59pp.

OYLER, S.J. 1993. Avian bioindicator dynamics. Master of Science Thesis, University of Maine, Orono.

187PP.

PHILIJPS, D.M. 1994. Spatial cbaracteristics and dispersal of an unexploited population of martens in a
forest preserve. Master of Science Thesis, University of Maine, Orono. 94pp.

RAYMOND, K.S. 1994. Effects of the herbicide glyphosare on the winter nutritional ecology
of mooee in Maine. Master of Science Thesis, University of Maine, Orono. 95pp.

STOCI(WELL, S.S. 1994. Habitat selection and community organization of birds in eight peatlands of
Maine. Ph.D. Dissertatio'n, Uqiversig of Maine, Orono. 1f5pp.

WELCH, L.J. 1994. Contaminant burde,ns aad reproductive rates of bald eagles breeding in Maine.
Master of Scieoce Thesis, University of Maine, Orono. 87pp.

WHITCOMB, S.D. 1993. Population characteristics, palch occupancy, and fall dispersal of spruce grouse

on Mount Desert Island, Maine. of Science Thesis, University of Maine, Orono. 44pp.

PROFESSIONAL TALKS PRESENTED

BLACKWELL, B.F., and W.B. KROHN. "Pre-nesting ecology of the double-crested cormorant in the

Penobccot River ecosystem: a preliminary report." Slide presentation at the Maine Bird
Conference, Farminglon, April 16, 1994.
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BI-ACKUfELL, B.F. "Ecology of the double-crested cormorant in the Penobscot ecosystem: eryhasis on
predation of salmon smolts." Slide presentetion on research progress to Maine Department of
Inland Fisheries and Wildlife, Maine Atlantic Sea Ruo Salmon Commission, U.S. Fish and
Wildlife Senrice, and Penobscot Indian Nation, March L6, 1994.

BLACK!\IELL, B.F. "Ecology of the double-crested cormorant in the Penobscot ecosystem: emphasis on
predation of salmon smolts.' Slide prxentetion on research prog€ss 30 U.S. Fish and Wildlife
Seryice Hatcheries Division personnel, Craig Brook National Fish Hstchery, Orland, ME, March
17, 1994.

BOOBAR, L.R., K.E. GIBBS, and J.R. LONGCORE. 'Can activity traps assess aquatic insect abundance
at the landscape level?" 20th Amual Maine Biological aod Medical Sciences Symposiun, Bates
College, Mry l9-?.0, 1994.

BOOBAR, L.R., K.E. GIBBS, and J.R. LONGCORE. 'Efficiency of sveep net, activity trap, and lless-
type saryles in capturing macroinvertebrates in Maine ponds.' Acadia Entomological Society

Meeting, Caryobello Island, New Bruns\rick, Canada, July 18-19, 194.

BOONE, R.B. "Remote sersing, GIS and wildlife.' Remote Sensing/GlS seminar series, Department of
Wildlife, Unive,rsity of Maine, Orono, December 9, 1993.

BOONE, R.B., and W.B. KROHN. 'A frarnervork for tasting Maine statewide Gap Andysis.' Poster
presentation at Fourth Annual National Gap Analysis Workshop, Silverdale, WA, July 19-22, 1994.

CARTWRIGIIT, M.A. "Moveme,nt of displaced largemouth brrss (Miooptents salmoides) in two central
Maine lakes." Annual meeting of the Atlantic Internationd Cbapter, Anerican Fisheries Society,
Rangeley, ME, Oclober 1,1993.

CARTWRIGIIT, M.A. 'Moveme,nt of displaced largemouth brix, (Miooptmts salmoides) in two central
Maine lakes.' Poster presentation at the Northeast Fish and Wildlife Conference, Burlinglon, VT,
Mty 14,1994.

CHAPIN, T.D., D.M. PHILLIPS, C.S. MNOR, and S. NOBLE. "The role of Maine and New Haryshire
in recovery of the eastern timber wolft a preliminary assessment." Poster presentation at Northeast
Fish and Wildlife Conference, Burlington, VT, May 14, 1994.

CHIIJJIJ, M., B. GRIFFITH, and D.J. HARRISON. 1994. 'Utility of regional firbearer data: the river
otter example." First Annual Conference of The Wildlife Society, Albuquerque, NM, September

21,1994.

COLE, M.B. 'Moveme,nts of tagged smallmouth bass.' Video presentation at the annual meeting of the

Atlantic International Cbapter, American Fisheries Society, Rangeley, ME, October l, 1993.

COLE, M.B. 'Differential surnner moveme,nts and habitat use of three size classes of smallmouth bass

(Micropterus dolornieu) in Green l:ke, Maine." Posler presentation at the Northeast Fish and

Wildlife Confere,nce, Burlinglon, VT, May 14, L994.

de MAYNADIER, P. "The role of keystone ecosystems ia landscape ecology." Reserve Design Seminar,

University of New Hampshirp, Durham, Novenber 10, 1993.
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de MAYNADIER, P., md M.L. HIJNIER, JR. "Managing for diversity at a laadscape scale." Ecosystem

Management Confereirce, Stevens Point, WI, March 4, 199,4.

DITCHKOFF, S.S., and F.A. SERVELLO. 'An evalution of urinalysis as an index to deer wintering area

quality.' First Annual Conference of The Wildlife Society, Albuquerque, NM, September 23,

1994.

ELLIOTT, C.A. 'Wildlife in riparian rcnes.' 69th Annual Meeting of the New Bnrnsvick Wildlife
Federation, Bathurst, Nerv Bruns*rick, APril 9'll,1994.

FROST, H.C., and W.B. KROHN. "An evaluation of two indices of parturition in fishers. " Slide

p'resentetion at the Northeast Fish and Wildlife Confereirce, Budington, VT, May 4,199,4.

HARRISON, D.J. "Potentid fslpst mnnqgement issues associated with hebitat requirements of the marten.'

Maine Cbspter, Association of Consulting Foresters, Bangor, ME, October 12, 1993.

HARRISON, D.J. "Ihbitat associations of tbe marten: does the species deserve spotted owl stahrs?' Paper

presented at Consenring Species D€,pend€nt on Older Forests: a Population Viability Workshop.

Fundy National Park, AlEa, NB, October n,1993.

HARRISON, D.J. "Objectives and preliminary resuls of a sirdy to assess the influence of trapping and

forest harvesting on maf,ten populations in northern Maine." Scott Paper Company, Rockrvood,

ME, December 14,1993.

HARRISON, D.J. "A proposal to study the relationships ammg trepping, forest harvesting, and marten

in northenr Maine.' Maine Coopemtive For€stry Resealch Unit Advisory Committee,

University of Maine, Orrono, January ?5, 1994.

HARRISON, D.J. 'Prelininary results from ongoing rcsearch to assess influences of forest harvesting and

trapping on narten populations in northern Maine.' Wildlife Division Meeting, Maine Department

of Inland Fisheries and Wildlife, Rockland, ME, APril 14, 1994,

HARRISON, D.J., and T.D. CHAPIN. 'Effects of forest tagnentation on martens in northern Maine:

preliminary r€sults frorn ongoing studies." Presentation to National Cormcil of the Paper Industry
for Air md Stream lryrovement, Albuquerque, NM, September 23, t994.

HARTLEB, C. "A thernal and light refuge for planktonic prey and its effects o'n fish predation.' Poeter

presentation at the Northeast Fish and Wildlife Confe,rence, Burlinglon, VT, May 4,199,4.

HARTLEB, C., and J.R. MORING. "Interspecific coryetition aod dietary overlap benpee,n nonsalmonid

fishes md stocked brook trout." Poster at the annual reting of the Aoerican
Fisheries Society, Hdifax, NS, August 24,1994.

IIEPINSTALL, J.A., S.A. SADER, md A. ESTRADA. 'Coryarisons of tropical rain forest extent in the

Sierra de Los Tuxtlas, Veracnrz, Mexico: 1976-1990.' Poster presentation at the Conservation of
Neohopical Migralory Birds in Mexico Confere,nce, Los Tuxtlas, Veracruz, Mexico, November 5-
7, t993.

HEPINSTALL, J.A. 'IDRISI and CISIG: e comparison of low cost GIS packages." National Autonomous

University of Mexico, Los Trutlas Biological Station, Verasruz, Mexico, November 5:7 ' 1993.
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HODGMAN, T.P., T.C. MoCALL, and R.B. O\\|EN, JR. "Waterfowl use of wetlands following clozure
of beaver traPPing. " 1994 Maine Bird Conferernce, University of Maine, Farmington, April 16,
t994.

IIUNTER, M.L., JR. "Forest diversity in tine and qrace.' USDA Forest Service, Clemson, SC, Oc0ober
I, 1993.

I{IJNTER, M.L., JR. "A lalrdscape-'scale approach to ecological values.' Yale Univenity, New Haven,
CT, October 22, 1993.

HUNIER, M.L., JR. 'A triad ap'proach to forest land use allocation.' Munsungan Confereace, University
of Maine, Orono, January 6,7, 1994.

IilJNTER, M.L., JR. 'Biodiversity research: past, present, aod futur€.' USDA Forest Senrice Scientists.
Annapolis, MD, March E, 1994.

HUNTER, M.L., JR. "Biodiversity and ecosystem managern€Nrt." Maine Department of Inland Fisheries
and Wildlife, Rockland, April 15, 1994.

HLINTER, M.L., JR., and A. HUTCHINSON. "The virtues and shortcomings of parochialism: Protecting
species tbat are locally rare but globally common.' Society for Conservation Biology, Guadalajara,
Mexico, Jrme 11, 1994.

HUNTER, M.L., JR. "Balancing demands for land: A triad approach to land use.' Keynote address,
Gl&l to local ecological land classificstion, Thrmderbay, Ontario, August 15, tgg4.

JOHNSON, C., and M. CHILELLI. "Wolf reintroduction in Maine: a population viability assessment.'
Poster presentation at Northeast Fish and Wildlife Conference, Burlington, VT, May 14, lgg4.

JOHNSON, C., and W.B. KROHN. 'Gap Analysis: applicability in a coastal environment.' Poster
presentation at National Gap Analysis wor*shop, silver&le, wA, July zl,1994.

KROHN' W.B. "Effects of cormorant pedation on Atlantic'salmon restoration: a pretiminary report.'
Slide presentation to the U.S. Fish and Wildlife Senrice's Regional OfEce in Hadley, MA. March
l,19,4.

KROHN, W.B. 'An overview of the USDI National Biological Survey.' Invit€d slide prese,ntation at
Wildlife Division Meeting, Maine ryrh€nt of Inland Fisherie,s and Wildlife, Rockland, ME.
April 14, 1994.

KRoHN, w.B. 'Modelting specias/habitat relations - hovr reliable is our knowledge?" Invited slide
prcsentation at Fourth Anrual National Gap Andysis Wo*shop, Silverdale, WA, JuIy 21, 1994.

M.mZ, A. 'The rare ones: Acadia's species.' Re.source Acadia Seminar Series, Acadia
National Park, Bar llarbor, ME, August 1l-13, 1994.

MORING, J.R. "Cbanges in managemeirt strategies for Atlantic salmon in Maine, lETl-1993." Symposium
on the Uses and Effects of Cultured Fishes on Aquatic Systems, , NM, March 13,
1994.



53

MORING, J.R. 'Angling effort in streams stocked with catchable-size trout effects on catches of wild
salmonids.' Northeast Fish aod Wildlife Cmference, Burlington, VT, May 4,199,4.

MORING, J.R. 'Residence of gnrbby Q[yoxoeplulus aenreus\ end shorthorn sculpin (M. scorpitrs) in
tidepools of Maine." Invited paper at the annual neefing of the American Society of Ichthyologists
and Herpetologists, Ins Angeles, CA, June 3,1994.

MORING, J.R. "Fisheries history - an introduction.' Annual neeting of the American Fisheries Society,

Halifsx, NS, Augttst 24,1994.

O'CONNOR, R.J. 'Integrating multi-taxon retrics into a synoptic indicator of lake quality.' U.S.
Environrnental Protection Agency Syryosiun 'Results of Recent Research in Ecological
Mmitoring and Assessment,' Resealch Triaogle Part, NC, April 14, 1994.

O'CONNOR, R.J. "A national assessment of breeding birds and landscape pattertr." U.S. Environmental

Protection Agency Syryosium 'Results of Recent Research in Ecological Monitoring md
Assessmt," Research Triangle Park, NC, April 14, 1994.

O'CONNOR, R.J., and S. OYLER. 'Scale and landscape in the spetie.temporal dynamics of bird species.

1994 North Arericm Ornithologicel Conference, University of Montana, Missoula, MT, June 21,

t994.

PHIIIIPS, D.M., and D.J. HARRISON. 'Deirsity, home-range, and spatid overlap of marten in an

industrial forest and forest preserve." Northeast Fish and Wildlife Conference, Burlington, VT,
Mey 3,1994.

RAYMOND, K.S., W.E. ESCHHOLZ,F,A. SERVELLO, and B. GRIFFITH. "Effects of the herbicide
gtphosate on winter browse availability and utilization by mooae.' Fiftieth Northeast Fish anal

Wildlife Conference, Burlington, VT, May 24, L99,4.

SADER, S.A. 'Remote sensing and GIS lools for monitoring tropical foress in Southern Mexico aod

C€ngal America.' National Aulonomous University of Mexico, Los Tuxtlas Biological Station,
Veracruz, Mexico, November 5-7, 1993.

SPRUCE, J.P., S. A. SADER, C.S. ROBBINS, and B.A. DOIVELL. 'Accuracy of migrant landbird
habitat naps produced fron kndsat TM dala: two case studies in southern Belize." Poster
prese,lrtation at the Conservation of Neotropical Migratory Birds in Mexico Conference, Los
Tuxtlas, Veracnrz, Mexico, November 5:l , 1993.

VICKERY, P. "Population status of grassland birds in Massachusetts and New England.' Endangered

Species Conference, Massachusetts Audubon Society, Framinghan State College, Framingbam,
MA, November 13, 1993.

VREELAND, J.K., F.A. SERVELLO, and D.B. GRIFFITH. 199,4. 'Effects of glyphosate on availability
of surnnrer foods for white-tailed deer in Maine." Poster presentation at the 50th Northeast Fish
and Wildlife Confettnce, Burlington, VT, May 24, 1994.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNEII, JR. 'Patch occupancy and fall dispersal

in spnrce grouse." Fiftieth Northeast Fish and Wildlife Conference, Burlington, W, Mey 24,
1994.
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WTTHAM, J.W. "Use of GIS to facilitate bird tenitory mapping.' The Wildlife Society First Annual
Conference, GIS Symposfum, Albuquerque, NM, S€ptenber 23, 1994.

PUBLIC TALKS PRESENTED

CHAPIN, T. 'Habitat associations of the American lurt€n: does the species deserve spotted owl status?'
Westem Maine Forest Fonrn, Sebattus, ME, December 21, 1993.

de MAYNADIER, P. "Keystone ecosystems and a landscape apefioach to resenre design." Graduate student
seNninsr in reserve design, University of New llaryshire, Duihan, October 1993.

ELLIOTT, C.A. 'Bats in Maine." Thorndike Girl Scout troop, Thorndike, ME, March 31, 1994.

ELIJOTT, C.A. Conducted Project WILD Wortshop for teachers and studeots in Montville, ME, April
23,1994.

ELLIOTT, C.A. 'The Coverts Project in Maine.' tIM Department of Wildlife Seminar Series, Orono,
ME, April ?5,1994.

HARRISON, D.J. Media intervievr with Providence Jounal for article on @curr€nce of wolves in Maine,
October 7, 1993.

HARRISON, D.J. Managing the Wild in Acadia: a workshop on integrating research and resource
maoagem€nt in Acadia National Park. Personnel and guests of Acadia National Park, Bar llarbor,
ME, November 13,1993.

HARRISON, D.J. Media intervien, with Ellsworth American, 'D€er and coyotes in Acadia Park pose
menrgern€nt questions, concems,' pubtished November 18, 1993.

HARRISON, D.J. Mdie interview with Bos0on Globe, "Coyotes have gained solid paw-hold in Rhode
Island,' November 28, t993.

HARRISON, D.J. Media interview with Maine Sportsman for article on mart€n research in northern Maine,
Dece,nber 15,1993.

HARRISON, D.J. Media intenrierv with Maine Times for article "Discussion inches, cautiously, toward
killing coyoles to help deer," author: Andrew \V. Weegar, January 14, 1994.

HARRISON, D.J. Mdia interview with Dovmeast Magazine for article on the American merten, January

t8,1994.

HARRISON, D.J. 'Ecology and managerent of predatory memmal5 in Maine.' Guest lecture in WLM
100, Introduction of V/ildlife Resources, University of Maine, Orono, February 9, 1994.

HARRISON, D.J. 'Status, ecology, s1d m*nagerrent of martens in northem Maine." Penobscot Couty
Conservation Association, Brewer, ME, March 4, 199.4.

HARRISON, D.I. 'How mimals cope with winter.' Bangor Montessori School, Bangor, ME, March 7,
1994.

HARRISON, D.J. Media interview with Bgdggd-Fgg@lg! for article on @ugars, March 24, !gg4.
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HARRISON, D.J. Mdia iniendew with Maine Weeklv for article on iryacts of mall expansion on

wildlife, March 28, 1994.

HARRISON, D.J. Assisted Vermont Institute of Natural Scimes in dweloping an informational slide/talk
program on the eastern coyote, Augttst 5, 1994.

HARRISON, D.J. Mdia interview with Doumeast Magazine for article on wolves in Maine, August 17,

1994.

HARRISON, D.J. Filmed a nErrys segne,nt on curr€nt r€search with American martens that was aired on

9bgd-2,, Bangor, September 29, 1994.

HARRISON, D.J. Interviewed by Msine Suday Telegram for article on wolves that appeared in October

16,1994 odition.

HODGMAN, T.P. "Survival rates of marten under intense trapping pressure in Northern Maine.' C€ntral

Maine Chapter of the Maine Trappers Association, February 2, 1994.

HUNTER, M.L. "Maintaining the spatial and teryoral diversity of forests.' Ontario Advanced Forestry

Program, Dorset, Ontario, July 14, 1994.

HUNTER, M.L. 'Forest diversity in time and space.' USDA Forest Service, Clemson, SC, September 17,

1994.

JoHNsoN, c.M. 'Plast and soil science.' Talk and demonshation given to Penobscot Couty
Conserr'*ion Association conserrration cary stude,nts, Bethel, ME, Jrme 28, 199,4.

JOHNSON, C.M. "Wetland vahles.' Talk given !o BIO 4?0, Wetland and Aquatic Biology, University of
Maine, Orono, September 12,1994.

JOHNSON, C.M. 'Introduction to wetland birds and rnamrmls.' Tdk given to BIO 470, Wetland and

A+ratic Biology, University of Maine, Orono, S€p0enber 12, 1994.

KROHN, W.B. 'Is the fisher a northem-forest generalist or an old-growth specialist? Lasms from
Maine.' Slide preseirtation !o Fderal and provincial forestry and wildlife officials, forest industry.
Fredericton, NB, November 22, 1993.

KROHN, W.B. 'Relations anong fishers, snow, and martens: development and assessme'nt of two
hlpotheses.' Talk given to Fderal and provincial officials, forest industry, Fredericton, New
Brunswick, November 22, 1993.

KROHN, W.B., and R.B. BOONE. "Regional analysis of biodiversity: Gap Analysis in Maine." Invited
slide presentation to New Brunsvick Biodiversity Steering Committee, Fredericton, November 22,

1993.

LONG, R. 'Maoaging the wild in Acadia - field nethods.' Acadia National Park, Bar Harbor, ME,
November 13,1993.

LONG, R. 'Radio lelemetry techniques for studying wildlife." College of the Atlantic Biology Class,

Acadia National Park, Bar Harbor, ME, Febntary 23,1994.
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LONG, R. Fild an educational video regarding fawn research in Acadia National Park for ANP
Environmental Education Prograrn, Bar llarbor, ME, August 19, 1994.

MORING, J.R. 'Ecology of tidepool fishes.' Seminar to tbe Upward Bound Sumnrcr Biology Program,
University of Maine, Jrme 29, 1994.

PHILLPS, D.M. "Relationships of wildlife to habitat.' Penobacot Cormg Conservation Association Youth
Ca,mp, Bethel, ME, Jrme 30,1994.

PHILLPS, D.M. "Social and spatid characteristics and dispersal of marten in a forest preserve and
industrial forest.' University of Maine Deeartm€nt of Wildlife Ecology, August ll, 1994.

SPRUCE, J.P. 'Ilndsat TM dsta for mapping migrant landbird hbitet in Southern Belize." Thesis
seminsr, University of Maine, Orono.

AWARDS, HONORS, AI{D APPOINTMENTS

HUNIER, M.L. Elected to the Board of Governors of the Society for Conservation Biology, March 28,
1994.

KROHN, W.B. Promoted by the Research Grade Evaluation Panel, USDI National Biological Survey.

MORING, J.R. Promoted by the Research Grade Evduation Panel, USDI National Biological Survey.

MORING, J.R. Elected President of the Fisheries History Sectim, Am€rican Fisheries fui"ty; continued
to serrre as elected Northeastem Division Representative for the Early Life History Section, and
elected to the Nominating Committee, American Fisheries Society.

O'CONNOR, R.J. Awarded National Research Council Senior Research Associateship for 1993-94
academic year.

OWEN, R.B. Appointed by the Govenror of Maine as C;omrnissioner, Maine Department of Inland
Fisheries and Wildlife

OIVEN, R.B. Awarded the Presidential Public Service Achievement Award by the University of Maine.






