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PERSONNEL NOTES

As of September l, 1993, DR. JAMES R. GILBERT was appointed the Cthair of the Department of
Wildlife when DR. RAY B. OWEN, JR. went on leave. Dr. Gven accepted an appointment as
commissioner of the Maine Department of lnland Fisheries and wildrife.

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

SUSAN HILLS received a Ph.D. Sue was a Cooperative Education student from the U.S. Fish and
Wildlife Service. She returned to the Alaska Fish and Wildlife Research Center to resume her position with
them. AMANDA MOORS received an M.S. degree and will continue working on Dr. O'Connor's I:kes
Project until December, 1993. RAMONA MULLER-EL IIAIIZAOII rpceived an M.W.C. degree and
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returned to Morocco to work in the Peace Corps Ofhce therp on e full-time besis. CHRISTOPIIER VERA
received an M.S. degree and is now working with Normandeau Associate.s. PETER VICKERY received a
Ph.D. degree and returned to work full time with the Massachusetts Audubon Society. ANDREW
WHITMAN received an M.S. degree and is working at the Manomet Bird Observatory in Massachusetts.
MARYELLEN CHILELLI, Assistant Scientist for the Unit, completed her Unit assignment and is working
with the Maine Department of lnland Fisheries and Wildlife.

On July l, 1993 J. MALCOLM SIIICK replaced BOI{NIE WOOD as Chairperson of the Zoology
Department.

The following people have receive graduate degrees in Zoology in December or August:

AGGY VANDERFOOL and DAN MCKINLEY coryleted their M.S. degrees in Zoology after taking
full-time positions, Aggy with West Virginia University Exte,nsion Service and Dan with the U.S. Forest
Service in Vermont. OLMR VAN DEN EI{DE completed his M.S. degree m Tnology and entered the
Ph.D. program at Florida Institute of Technology. MERRIE CARTWRIGIIT completed her M.S. in
Zoology and will continue at Maine, working toward a Ph.D.
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Maine Department of Environmental Protection - MDEP
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Maine Image Analysis I-aboratory - MIAL
Maine l-and Use Regulation Commission - MLURC
Maine Office of Gmgraphic Information Systems - MOGIS
Maine Trappers Association - MTA
Nature Conservancy - NC

Maine Chapter - NC-MC
NE Regional Office

National Council of the Paper Industry for Air and Stream Improvement - NCASI
National Marine Fisheries Service - NMFS
National Rifle Association - NRA
New Brunswick Department of Natural Resources and Energy - NBDNRE
New England Salmon Association - NESA
North American Wildlife Foundaiion -

Delta Waterfowl & Wetland Research Station - DWRS
Oak Ridge National Laboratory
Penobscot County Conservation Association - PCCA
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Resource Conservation Services - RCS
Sigma Xi
Signal Fuels, lnc. - SF
The Nature Conservancy, Maine Chapter - MCTNC
The Switzer Foundation
University of Maine - U of M

Association of Graduate Students - AGS
College of Natural Rasources, Forestry, and Agriculture

Cooperative Forestry Research Unit (CFRU)
Hatch Act Funds - HAF
Mclntire-Stennis - MS

Department of Forest Management - DFM
Department of Wildlife - DW

Maine Agricultural and Forestry Experiment Station
Office of International Programs - OIP

U.S. Department of Commerce
National Marine Fisheries Service

U.S. Environmental Protection Agency - EPA
U.S. Fish and Wildlife Service - FWS

Alaska Fish and Wildlife Research Cenrer - AFWRC
Alaska Regional Office - ARO
Conte Anadromous Fisheries Research I:boratory - CAFRL
National Fisheries Contaminant Research Center - NFCRC
National Fisheries Research Center - Leetown
Patuxent Wildlife Research Center - PWRC
Region 5, Fish and Wildlife Enhancement - R-5, FWE
Region 8, Office of Research Support - R-8, ORS
Washington Office - WO

U.S. Forest Service - USFS
Forestry Sciences l:boratory, Corvallis, OR
Green Mountain National Forest, Rutland, VT
Pacific Northwest Region, Portland, OR
White Mountain National Forest, l-aconia, NH

U.S. National Park Service - NPS
Acadia National Park
Boston Regional Office
Cooperative Park Studies Unit



PROJECT REPORTS

ENDANGER,ED AND THREATET.IED SPECTF'S :

ANALYSIS OF

Investigators:

FACTORS AFFECTING POPULATION VIABILITY OF BIRDS

Cooperators/
Projea
Support:

Objeaives:

M. Chilelli
J. R. Gilbert
B. Griffrth
W. B. Krohn

U.S. Fish and Wildlife Service
Region 8, Office of Research Support, WO

Assess the utility of computerized population viability analysis (PVA) in
predicting the fate of small populations of wildlife species.
Use PVA to rank types of species by their susceptibility to extinction
based on life history strategy, population size, and environmental
variation.

SCOPE: PVA only assigns a probabiliry of extinction under a specified schedule of vital rates and temporal
variation. Because extinction and persistence are both possible, the fate 6; s single specias or single
endangered population can neither validate nor reject PVA predictions. Thus, although the PVA process
appears reasonable, it is difficult to assess how meaningful ttre predictions af,e on a situation specific basis.

To assess the utility of PVA, we will conduct PVA for generalized types of organisms that include
several species. PVA predictions can then be compared to the actual fates of a number of small populations
of a particular type of organism. If PVA provides reasonable estimates of the actual proportion of
populations that become extinct, then validity of the modeling process will be zupported. If PVA fails to
predict the proportional fates of actual populations, the analyses may identi$ types of critical input data
nccessary to improve the accuracy of future PVA.

After identifying the conditions under which a PVA is effective, we will use stochastic simulstion
modeling to evaluate extinction probabilities of birds by life history strata.

PROJECT STATUS: The Frnal report was.completed with the executive summary as follows:
Endangered species conservation is a cdsis activity, with extinction rates increasing. Whereas

theoretical studies and empirical analyses of reintroductions and invasions have clarified general principles
affecting population persistence, it is essential to identi$ specific population levels and vital rates that
indicate potential endangerment of species so rqsources can be focused accordingly. The objectives of this
study were to stratify birds by life history patterns, identiff population levels hnd vital rates that indicate
risk to endangerment within each strata, and to rank bird species groups according to pote,ntial
endangerment.

Before we could assess the factors that affect viability of bird populations, we needed to assess the
validity of computerized population viability analysis (PVA) to predict the fate of small populations of
wildlife species. Validating against field data using currently available simulation models, we found PVA
provided realistic estimates of the proportion of populations that actually became extinct. Validity of the
mcxleling process and uso of PVA for endangered species planning and manageme,nt was supported.

During our testing of the PVA process, we noted that available simulation models did not
incorporate the flexibility needed to adequately simulate the dynamics of translocated wild populations. We
developed the stochastic simulation model TRANSLOC to address these specific needs. TRANSL@ is

l)

2)
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unigue smong cotnmonly used simulation models in incorporating prooesses that ere particular to
translocated populations (i.e., specifying vital rates for newly translocated animels separate from those for
the existing population). This model should prove useful in evaluatiag translocation programs, a priori.

We used PVA, via TRANSLOC, to rank bird specias by their susceptibility to extinction based on
life history strategy, population size, and environmental variation. Our working definition of mini6gm
viable population (<5a% probability of minaion in 5o years\ provided us with a way !o rank bird species.
We do not imply this as a critical definition of mvp nor is our intent to define mvp for U.S. Fish and
Wildl ife Service guidelines.

Based on these rankings, population size can be quite large (N : L2U2AO\ and still have a high risk
to endangerment. Those populations that meet our arbihary definition of mvp generally reflect populations
with high fecundity and survival rates. Species with lower vital rates or those in nore variable
environments require larger population sizes to obtain an acceplable probability of persisting. If these
required larger population sizes are not feasible because ofsocial organization or habitat limitations, this
clearly indicates the need to increase vital rates via habitat mmipulation or reduction of other limiting factors
if the population is to persist. Biologists need to be aware of the general risk category a particular
population falls into and be mindful of the population size and vital rate levels that indicate an increasing
concern to that population's persistence. Integrating these rankings with other risk analyses (Gap Analyiis,
Recovery Plan Assessment) can aid in prioritizing bird species based on need for management a-tivity.

ANALYSIS OF FACTORS AFFECTING POPULATION VIABILITY AND
REINTRODUCTION ATTEMPTS FOR FISHER AND OTHER MAMMALS

IN ACADIA NATIONAL PARK

Investigators: J. R. Gilbert
M. Chilelli
A. F. O'Connell
B. Griffith
W. B. Krohn

U.S. National Park Service -
Acadia National Park, Bar Harbor, ME
Regional Office, Boston, ME

U.S. Fish and Wildlife Service -
Region 8, Office of Research Support, WO

Estimate the risk of extinction for small free-ranging or reintroduced populations
of marnmals across a range of reproductive strategies, home range sizes, snd area

Objedive:

use patterns.

SCOPE: Escalating habitat fragmentation suggests that native wildlife populations will become increasingly
restricted to disjunct habitats in the future. The role of National Parks in providing relatively unexploited
habitat patches will increase. Habitat patches will contain smaller populations of wildlife species than large
contiguous areas of habitat, and the.se reduced populations will be more susceptible to extinction due to
skrchastic events. Addition of suitable habitat aree to parks may be impossible. Therefore, effective
evaluation of the ability of National Parks to sustain viable populations of wildlife species requires 2
analyses. First, estimates of extinction probabilities for small populations of various species are needed;
and, second, estimates of success rates of reintroduction programs used for restoration after local extinction
are necessary.

Cooperators/
Prt2jea
Support:
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PROJECT STATUS: A nnal report is being pr€pared. Thrce strata were selected (with representative
species) that are of special m4nagem€lrt concem to Acadia National Park (fisher, black bear, bog lemming).
Simulations have been conducted, covering I range ofvital rates, variances on those rates, and founder
populations sizes. The risk of extinction (e.g., 5O% probability extinction in 50 yean) hss been estimated
for each of the 3 representative species restricted by available habitat fragnent size(s). Various translocation
scenarios have been simulated for each strata. Based on these simulations, species groups will be ranked
according to the potential for Acadia National Park to retain viable populations.

FUTURE PLANSz This report will be subnitted in November 1993 to U.S. Fish and Wildlife Service,
Region 8, Cooperative Research Units Center and the U.S. Nationd Park Service.

CONTAMINANT BURDENS AND REPRODUCTIVE RATES OF
BALD EAGLES BREEDING IN MAINE

lnve.stigator:

Atlvisors:

Cooperators/
Projea
Support:

Objeaives:

L. J. Welch

W. B. Krohn, Co-chairperson
R. B. Owen, Jr. Co-chairperson
T. A. Haines
K. C. Can, Ex-officio
C. S. Todd, Ex-officio

U.S. Fish and Wildlife Service
Maine Cooperative Fish and Wildlife Research Unit
Maine Department of Inland Fisheries and Wildlife

l) Determine the production level of all knourn pairs of bald eaglas breeding
in Maine.

2) Evaluate relationships sf 66ataminant residue.s in blood samples from
nesting bald eagles with regional variations in eagle productivity, variable
trophic status of the adults, and contaminant residues in prey from that
area.

3) Determine correlations between mercury residues in feathers and prey
items to blood levels of mercury in nestlings. kvels will be compared to
individual nest site and regional productivity.

4) Identiff the occurrence and residue levels of environmental contaminants
in unhatched bald eagle eggs.

5) Determine the current deviation of eggshell thickness from the
"precontaminant' era standard.

6) Determine correlations among contaminant residue levels in tiszue saryles
obtained from eagle carcassss to time of exposure (age of tbe bird) and
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 threatetred in the Rernaining 5 states. At that time, environme,ntal contaminants were
shown to be adversely effecting many of the eagle populations. Curren0y, Maine bald eagles have
reproductive rates 15-40% 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 uniquely high
levels of contaminants in unhatched eggs.
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This study includes all known pairs of bald eagles in Maine. Aerial surveys ere conducted to
determine site occupancy and nesting status. Nonviable eggs and nestling blood and feather samples will be
collected and analyzd fron all possible sites.

PROJECT STATUS.' The second and final field season has be€n coryletod md 129 nest sites have been
visited. Collections included 158 blood samples from 107 productive nests, and 12 nonviable eggs. In
total, 16l eaglets were banded. Breast feathers were collected from the eaglets and prey items were
collected from in and around each nest site. Fish and waler saryles were collected from 6 lakes to look at
variability in mercury levels.

Chemical analysis has been completed on the blood, feathers, and eggs collected in l99l and 1992.
Significantly elevated levels of mercury were observed in the blood and feathers of eaglas nesting along
Maine's lakes. Blood and egg samples collected from eagles nesting along the coast had extremely elevated
levels of PCBs. This snrdy revealed the highest dioxin equivale,nt level ever recorded, and the highe,st levels
of mercury and PCBs recorded in eagles. Extreme differences in diet composition were observed between
coast versus inland nesting eagles. The coastal nasting eagles consume a diet ofother avian species, while
the inland birds predominantly prey upon fish. Reproductive histories and production levels have been
determined for all recorded territories in the state, representing a 30 year period.

FUTURE PLANS: Fish and water samples are currently undergoing analyses. Target date for project
completion is December 1993.

Investigator:

Advisors:

Cooperarcrs/
Project
Suppon:

Ohjeaives:

CONTAMINANT BURDENS AND ECOLOGY
OF BALD EAGLES }.IEAR ACADIA NATIONAL PARK

A. C. Matz

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

Department of Wildlife, U of M
National Park Service Cooperative Park Studies Unit

Maine Department sf Inland Fisheries and Wildlife
U.S. Fish and Wildlife Service

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

2) Describe disturbance stress, food stress, winter stress, home range size and
foraging areas for selected nesting pairs.

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

SCOPE: The reproductive rate of Maine's eagles is below rates of other recovering populations. This 3-year,
Ph.D- level study will attempt to identify factors responsible for low productivity in coastal eagles.
Contaminants are a main focus, as this study follows a 2-yar U.S. Fish and ri/ildlife Service/University of
Maine study which found high levels of persistent compounds (PCBs and organochlorine insecticides) in coastal
eagle nestlings (ses above).
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PROJECT STAIUS.' The 1993 (May through August) field season was used as a preliminary data collection and
methods developrnent period. Two adult eagles were captured and radio'tagged, and had blood samples talcen
for contaminants analysis. The radio-t8ggd birds were relocated from land, water, and air several tires over
the course of the summer. Twenty-six eaglets were banded and blood saryles forcontaninants were taken from
21. Feather samples, age and sex measurem€nts were collected from each bird handled. Prey remains were
collected from each nest site, and several specime,ns of prey (corrnorants md seals) were collected for future
contaminants analysis. Observations on 3 nests yielded data about disturbance factors and provided a foundation
for further study.

FUTURE PIJINS.' Samples collected for contaminants analysis will be analy zrdby USFWS Patuxent Analytical
Control Facility. Three more full field seasons are anticipated, with project completion occurring in December
1996.

IIISIIERIES RE.SOIJRCES:

COMPARISON OF TWO STREAM HABITAT ASSESSMENT TECHNIQUES
IN THE WHITE AND GREEN MOUIVTAIN NATIONAL FORESTS

Investigator:

Adt'isors:

Cooperators/
Projea
Support:

Objeaives:

D. B. McKinley

J. R. Moring, Chairperson
W. B. Krohn
J. D. McCleave

U.S. Forest Service -
Green Mountain National Forest, Rutland, VT
White Mountain National Forest, kconia, NH

(l) Determine what level of sampling segments provides usable estimates
compared to current procedures of sampling entire streams.

(2) Measure habitat shifts by juvenile Atlantic salmon following changes in fish
densities.

SCOPE: Habitat surveys are an integral part of the fisheries menagem€,nt program on the U.S. Natio'nal Forests
(NF). These surveys are used to quantif existing habitat conditions, identi$ limiting factors, prescribe
enhancement measures (where feasible), and integrate fish habitat managem€nt concems with other propos€d land
uses (timber, recreations, etc.). This information may be used to develop prescriptions at both the NF level and
project planning levels. The focus of the fisheries prograrns in the White and Green Mountein NF is Atlantic
salmon restoration. At present, knowledge of existing hebiiat capability of most forest streams for this species
is fairly general in nature and, in many instances, is unknown. There is a need !o determine this capability,
along with the identification of oppornrnities to enhance limiting conditions, where fessible. Therefore, there
is a need for intensive habitat surveys on most of the steams on both National Forests. The tecbnical
subcommittees for both the Merrimack and Connecticut River Atlantic salmon restoration programs have
rccommended a methodology to be utilized by the Forast Seflice for the.se surveys. This methodology is based
on one developed in Maine and cost estirnates range fron $466 to $621 per kilometer ($?5G$1,0oo per mile).
Alternative ways to improve habitat survey efficiency need to be explored, especially in light of limited funding
for the entire program. One approach which needs to be invastigated is the use of representative reaches,
whereby the habitat data collected within sample sections of these reashes are assumd to be representative of
the entire reach. If this approach is feasible, a larger amount of stream mile.s could be zurveyed for the sarne
amount of money.
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PROJECT STATUS: All requirements for the degree of Master of Science (in Zoology) were completed in
December 1992. An abstract of the thesis follows:

Habitat use and selection were ass€ssed for juvenile Atlqntic salmon (Sahno salar) in the West Branch
of the White River, Rochester, Vermont, and in the Mad River, near Waterville Valley, New Hampshire.
Observations were made at approximately monthly intenrals from July to late October, 1988. Use and selection
were cornpaled between size classes in the same river and the same size class in different rivers. Population
densities were manipulated in two study siles in both rivers to assess how density affects habitat selection.
Observations were also made at night to determine nocturnal habi&at selection.

Small parr (<70 rnm) and large pan (>69 rnn) were foud to segegale by water depth in the West
Branch of the White River. Small parr used 16-25 cm depths nost firequently while large parr made most
frequent use of 26-35 cm depths. Consistent segegation by curre,nt qpeds was not evident in the West Branch.
However, distributions of use of focal curr€nt speeds were significantly different for the two size classes. Iarge
parr made more frequent use of slow focal current speeds (0-17 cm/s). Snell parr made more frequent use of
gravel and small home stones (6-200 mm), while large parr used boulder and larger home stones (100-200) more
frequently. Mad River large parr used greater depths (6-100 cm), slower focal current speeds (3-7 cm/s) and
larger substrates (boulder and bedrock more frequently than did West Branch large parr. This was attributed
to the Mad River being significantly deeper and slower with more boulder and bedrock substrate than the West
Branch.

Selection of macrohabitat and microhabitat variables varied between streams snd between sites within
streams. Consistent selection was only shown for depth. Depths were selected by small and large parr in every
site. Iarge parr selected mid-range depths in both rivers. Depths selected by snall (16-35 cm) and large parr
(2645 cm) in the West Branch overlappe/ considerably. Selection was never exhibited for mean curre,nt speeds,
while on one occasion selection was observed for focal and maximum current qp€€ds. Selection for focal current
speeds by large parr at site 3 in the West Branch and selection for maximum current sp€eds by small parr at site
I in the West Branch were attributed to changes in habitat composition during high and low flow periods,
respectively.

Population density affected both micro- and macrohabitat selection in the Mad River. At low density
(1.4-2.5/100 sq.m.), riffles, runs, and pools were used proportionately, while at high density (3.7i.3 r*...;
riffles were avoided, and at existing density (2.5-5.0/100 sq.m.) pools were preferred. At low density, salmon
abandoned positions in pools. A narrowing in selection of depths was commensurate with the lower frequency
of use of pools at low density. Upper-range depths ( > 45 cm) were used proportionstely at low density, bur
selected at existing and high densities.

Salmon were found to alter habitat us€ as temperatures dropped in late summer and fall. When daily
low temperatures were < 15'C, but midday temperatures reached 15oC, salmon exhibited a temporary sheltering
response. In late September, when midday temperatures did not rise above 15" C in the West Branch, salmon
moved to deeper and slower positions. They disappeared almost entirely when daytime temperahrres fell below
10" C and presumably took shelter in substrate chambers.

Nighttime observations during August in the Mad River showed salmon occupied sheltered positions
trehind or beneath rubble and boulders or along stream margins. They also used slower current speeds and areas
with smaller substrates, including sand and silt, as compared to daytime use.

MOVEMENTS OF

Inwstigator:

Advisors:

DISPLACED LARGEMOUTH BASS (MICROPTERUS SALMOIDES)
IN TV/O CENTRAL MAINE LAKES

M. A. Cartwright

J. R. Moring, Chairperson
W. E. Glanz
J. G. Trial



Cooperators/
Projea
Support:

Objeaive:

Maine Department of Inlsnd Fisheries and Wildlife
Penobscot County Conservation Association

To measure movemenls and document homing behavior of displaced largemouth bass
in two lakes.

A. M. Vanderpool

J. R. Moring, Chairperson
W. E. Glanz
I. L. Komfield
J. D. McCleave
J. G. Trial

U.S. Fish and Wildlife Service - CAFRL
Association of Graduate Students
Atlantic Salmon Federation

SCOPE: Little is knoum of the movement pattens of largemouth bass in boreal environments. ln particular,
it is not known whether displaced bass are able to retum to original points of capture or, if so, how quickly they
are able to retum. ln addition, the angling s€ason is open during the spauming season for bass. There is
evidence for smallmouth bass that, when the adult is removed from the nest and eggs or fry are unprotected,
mortality can be extremely high. There are no studies concerning largemouth bass, particularly in boreal waters.
Radio tags were placed on captured largemouth bass to determine moven€nts during qpawning times and non-
spawning times in two lakes, Webber Pond and Cobbosseecontee l:ke.

PROJECT STATUS: All requirements for the degree of Master of Scie,nce (in Zoology) were completed in
August 1993. An abstract of the thesis follows:

Bass angling tournaments are an integral part of the largemouth bass (Micropterus salmoides\ fishery
in Maine. Therefore, knowledge of the iryacts of tournament practices, zuch as displacement, on the
distribution and reproductive success of largemouth bass is important for effective manageme,lrt.

This srudy used radiotracking to quantify the movements of displaced largemouth bass and determine
the effects of season, displacement distance, and holding time on the movement pattems and homing tendencies
of this species in Maine. I-argemouth bass in Maine do possess homing ability, which they will employ
depending on the circumstances. The likelihood of a displaced fish returning to the initial site of capture was
influenced by displacement disunce and holding time; increasing either parameter decreased the probability of
return.

I"arger fish had greater tendencies to home (p : 0.024), as did spauming fish (59% returned, compared
to the 27 % return seen after the spawning season). There was a similar seasonal effect on the return times of
the homing fish. ln contrast to the homing fish, fish that did not return exhibited consistent movement pattems,
establishing home ranges similar to those of undisplaced fish. Thus, it seemed that decisive homing occurred,
and displacement in general influenced population distribution through the creation of new home ranges by non-
homing fish.

Displacement also affected reproductive ability. Although returns were higher during spawning season,
4 | % of spawning fish did not retum to the nest site, and an additiond 18 % exhibited return times that probably
exceeded the time a nest would be viable in the absence of a guardian male. Thus, displacement can pote,ntially
impact spawning success of largemouth bass, although this effect rnay be lessened by rcducing holding time and
displacement distance.

DOWNSTREAM MORTALITY OF ATLANTIC SALMON SMOLTS
IN THE PENOBSCOT RTVER, MAINE

Investigator:

Advisors:

Ctnperators/
Project
Support:



Objeaive:

E

Document the tirning, troules, and mortality in dorvnstrean migrating smolts of
Atlantic salmon in the Penobscot River, Maine.

SCOPE: The Atlantic salmon restoration progxam has high netural visibility and priority. Yet, returns !o
United States rivers have been quite low, averaging only 0,6% from snolt to returning adult in the penobscot
River, Maine, and only 0.2 to 0.3% in the Merrimack and Connecticut rivers of southern New England. This
excessive mortality can occur during the downstream passage of smolts in the river, in the estuary, and on the
hi-eh se8s. of these, the downstream portion msy be the least difficult &o assess.
This project tracks radio-tagged smolts from their upstr€am release site to the lower Penobscot River.

PROJECT STATUS: All requireme,nts for the degree of Master of Science (in Zoology) were completed in
December 1992. An abstract of the thesis follows:

Restoration of Atlantic salmon, Salmo salar, is a priority with the U.S. Fish and Wildlife Service and
several state agencies in New England. Yet, information on the doumstrean passage phase of the life history,
when smolts are migrating to the sea, is limited, particularly in the Penobscot River, Maine. Migratory patterns
and timing of smolt movements were assessed by placing radio tags on smolts in l99O and l99l andreleasing
them at Howland, about 9l km upstream from the river mouth. Tracking was most successful in l99l when
30 live and two dead (to assess drifting rates) fish were released in groups of three to six. Release.s were rnade
weekly between April 13 and May 18, 1991, and fish movements were tracked by airplane and by vehicles on
streamside roaCs. Fish released in April generally moved quickly into the main channel of the river, though
47 Vo of the signals ceased or became stationary within 10 km of the release site, either through predation, battery
failure, or cessation of migratory behavior. Only 3% of these one-year-old smolts of hatchery origin were
tracked in excess of 40 km downstream. Total distances tracked on different dates were significantly diff"t"t t.
Movement Patterns were also compared to environmental conditions and the out-migration peak was determined
using a time lapse video camera at self-release ponds.

PREDATION ON ATLANTIC SALMON SMOLTS (SALMO SALAR)
BY SMALLMOUTH BASS (MICROPTERUS DOLOMIEU)

AND CHAIN PICKEREL (ESOX NIGER) IN THE PENOBSCOT RIVER, MAINE

lnvestigator:

Advisors:

Cooperators/
Pnlea
Suppori:

Objcoive:

0. van den Ende

J. R. Moring, Chairperson
W. E. Glanz
J. G. Trial

U. S. Fish and Wildlife Service - CAFRL
Maine Atlantic Sea-Run Salmon Commission

Document the source and extent of predation on juvenile Atlantic salmon by
freshwater fishes in the Penobscot River.

SCOPE: Several sppcies of freshwater fishes, particularly chain pickerel, smallmouth bass, and fallfish, arc
known to prey on juvenile Atlantic salmon. Survival of Atlantic salnon from smolts !o returaing adults
averages 0.6%, or less, in the Penobscot River. Part of this mortality is likely due to predation by
freshwater fishes, either on juveniles or on smolts on their downstream migration. This project documents
the extent and source ofthis predation by fishas in the Penobscot River.
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PROJECT STA?'tlS.' All requirements for the degree of Master of Science (in Zoology) werc cornpleted ia
August 1993. An abstract of the thesis follows:

This study utilized field data, experimeirtal work, and a bioenergetics model to estimate losses of
Atlantic salmon smolts (Salmo salar) to predation by smallmouth bass (Micropterus dolomieu)
and chain pickerel (Esox niger) in the Penobscot River, Maine. Field investigations canied out during the
spring of 1992 on a section of the Penobscot River yielded information on the food habits of the two
predatory fishes. Consumption and growth data of smallmouth bass and chain pickerel fed salmon smolts
and other prey were obtained from experimental work. The total &ily predation rate on salmon smolts by
smallmouth bass and chain pickerel populations in the Penobscot River was estimated using a fish
bioenergetics model.

Diet analyses of the nvo predatory fishes from the Penobscot River, Maine, revealed thst ins€cts,
fishes other than smolts, and crayfish were the most important prey organisms for smallmouth bass while
smolts, other fishes, and insects rrade up more than 9O% of the food of chain pickerel. No captured
smallmouth bass consumed smolts.

Smallmouth bass ate significantly more golden shiners, Notemigonus c:r.ysoleucas, at 15" C than st
10" C. At both l0 and l5o C, smallmouth bass preferred small (mean weight: 2.3 g) over large (14.9 g)
golden shiners. Smolts were also eaten at a greater rate at 15'C than at lf C. Smallmouth bass did not
feed at 5" C.

Chain pickerel daily consumption of salmon smolts was the lowest at 5o C, increased to a rnaximum
at lff C, and decreased again at 15' C. With the exception of data collected et 5o C, daily consumption w8s
consistently lower for chain pickerel than that of smallmouth bass.

Estimates of field data and experime,ntal work in conjunction with a bioenergetics model predicted
that the Penobscot River chain pickerel population consumed approximately 232,328, and 249 smolts per
day at 5", l0p, and l5o C, respectively. Total predation by smallmouth bass was 7 smoltslday at lf C, 9
smolts daily at l5o C, and l0 smolts/day for the season (April 18 through June l8).

Smallmouth bass are probably not a major predator on salmon smolts in the Penobscot River due to
morphological constraints of the bass and low feeding rates during early spring when smlts ale stocked. ln
contrast, the chain pickerel could be a significant predator of smolts, as it is an adept piscivore and feeds
actively at low temperatures.

POPULATION STUDIES OF MAINE INTERTIDAL FISHES

Ittr'<:stigator:

Cooperators/
Projea
Suppon:

Ohjeaiws: l)

2)
3)

J. R. Moring

University of Maine

Identi$ environnental conditions associated with anival and departure of
fishes in the intertidal zone.
Identify and qunntify algal and food associations ofint€rtidal fishes.
Develop a species checklist of Maine tidepool fishes.

SCOPE: Intertidal fishes are unique nembers of the intertidal ecosystem. Tidepools serve a nunery
function, and young of economically important offshore fishes utilize tidepmls as refuges and nurseries.
Because of specific algal and habitat associations, the.se fishes can be susceptible to e,nvircnmental
contaminants in coastal waters, both of a direct and indirect nanre.

Surveys since 1979 have identified 23 species of tidepool fishes in Maine. The movements of the
rock gunnel hsve been examined in marking studies, and algal associations and food habits of lumpfish and
Atlantic seasnails have been quantified. Three study pools on Schoodic Pe,ninsula have beeir studied since
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1981, and work has also involved the first description of rock grrnnels as the first intermediate host of the
di-eenean fluke, Cryptocotle li ngua.

PROJECT STATUS: Experiments with moveme,nts ofjuvenile grubbies, shorthom sculpins, and lumpfish
are ongoing. New funding allowed us to examine in detail the fish comrnunities of two coastal tidepools.
In addition, several papers were published in 1993 and a peper and a seminar were preseirted.

FUTURE PLANS: Work dealing with intertidal movements of sculpins will continue in 1994, along with
experiments on Atlantic sea-mail feeding and innovative fish marking techniquas. At least one invited paper
is planned for presentation at a special symposium on intertidal fishes. Additional manuscripts are being
prepared.

UPSTREAM MIGRATION OF ATLANTIC SALMON IN THE PENOBSCOT RIVER

Investigator:

Advisors:

S. L. Shepard

J. R. Moring, Chairperson
I. L. Kornfield
J. D. McCleave

Bangor Hydro-Electric CompanyCooperators/
Projea
Suppon:

Ohjeaive: Document and correlate e,nvironmental factors influencing upstream movenrents of
Atlantic salmon.

SCOPE: Even with adequate fish passage facilities, upstream-mignting adult Atlantic salmon are delayed by
each dam. However, it has not been documented whether part of these delays may be due to environmental
factors such as streamflow. Using radio telemetry, this project correlates the movement pattems of salmon
with measurements of environmental parameters.

PROJECT STAZTIS.' Salmon were tagged and monitored in 1990, 1991, and 1992. Analysis of &ta is
underway.

FUTURE PUINS: An M.S. thesis is expected in May 1994.

REFINEMENT AND TESTING OF THE HABITAT SUTTABILITY INDEX
MODEL FOR ATLANTIC SALMON

Investigator:

Advisors:

D. A. Moreau

J. R. Moring, Chairperson
D. L. Parrish
J. G. Trial
H. B. Dowse
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Cooperators/
Projea
Suppott:

Objeaiws:

U.S. Fish and Wildlife Service - CAFRL
Penobscot County Conservation Association
New England Salmon Association

1) Incorporate low-flow data into the existing Atlantic salmon Habitat
Suitability Index (HSI) model.

2) Measure habitat panmeters for adult @ver, and test a model.

K. S. Hockett

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

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

l) Document the response availability of salmon smolts to potential avian
predation.

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

SCOPE: Habitat Suitability lndex models 8re cornrnonly used for evaluating hsbitat capacity to zupport
various species of animals and to use in conjunction with mitigation projects and environme,ntal assessments.
The current model for Atlantic salmon is non-fimctional because several esp€cts of habitat need to be
included and tested. This project incorporates existing low-flow habitat information and rcasures and tests
habitat data for adult holding areas.

PROJECT STAIUS.' Daca on adult holding areas were collected from observations of Atlantic salmon on the
Dennys River, near Dennysville, Maine during summer 1990. Because of the relatively low numbers of
salmon entering the smaller rivers in Maine, additional 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
model has been developed. A final report was comFleted in early 1993.

FUTURE PLANS: M.S. thesis completion is expected in May 1994.

SUSCEPTIBILITY OF ATLANTIC SALMON SMOLTS TO PREDATION
BY DOUBLE-CRESTED CORMORANTS

Iilvestigator:

Advisor:

Cooperators/
Prajecc
Support:

Objeaives:

SCOPE: Double-crested cormorants are known predators of Atlantic salmon smolts. Sundvd of Atlantic
saf mon from smolts to returning adults average,s 0.6%, or lass, in the Penobscot Rivet, and part of this
mortality rnsy be due to predation by aquatic birds during the doumstream migration. This project
drrcuments the susceptibility of srnolts to in-river predation by cormorants and other bird predators and
whether the avoidance response is lost in the continued absence ofcover by using a serieS oflaboratory
experiments and challenges.

PROJECT STATUS: AII work bas been completed and a thesis is being prepared.

FUTURE PIINS: M.S. thesis completion is expected by December 1993.
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DAILY AND SEASONAL MOVEMENTS OF SMALLMOUTH BASS

Investigator:

Adtisors:

M. B. Cole

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

Maine Department of Inland Fisheries and WildlifeCooperators/
Projea
Suppon:

Objeaives: l) Follow daily and seasonal mov€ments of smallmouth bass in several lakes.
2) Examine the role of larger bass formd in deep waters.

SCOPE: It is believed that a segment of the srnallmouth bass population in lakes may not be included in
population surveys or rnay be utilizing habitat managed for other species. The project involves radio
tracking smallmouth bass in Green I-ake to examine daity and seasonal pattems at the time of spauming,
during summer, and in the fall. Fish were tagged during the spauming time in late spring, and tracked into
fall 1993.

PROJECT STATUS: Some additional tracking will continue until late November, after which data will be
analyzrA.

FUruRE PL/INS: A Master of Science thesis is expected by May 1994.

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

Inwstigator:

Advisors:

Cooperanrs/
Projea
Suppon:

Ohjeaive:

C. F. Hartleb

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

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

Compare growth, survival, and angler return of stocked spring yeading brook
trout and wild brook trout in waters with heavy competition and waters with
limited competition.

SCOPE: The State of Maine currently stocks yearling brook trout in bodies of water where angling demand
is high, but where competition from other species (smallmouth bass, yellow perrch, white perch, suckers,
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chain pickerel) rnay make zuch use cost-ineffective. There are no data oa survival or performance of such
stocked fish in these marginal watet5, but this policy is relatively common in southern and central Maine.
The study involves a sampling program in several lakes to mdyze growth of brook trout and food hsbits of
trout and competing specias over two seasons. Identified competitors will be excluded from one lake where
spring yearling brook trout will be stocked. Growth rates and survival will be compared.

PROJECT STAIUS: The first field s€ason has been completed and malysis of extensive sanples will
continue over the winter.

FUTURE PL/lNS: A second field season will comnence in late spring 1994, and a final s€ason will examine
biomanipulation and the role of competition. A Ph.D. dissertation is expected in December 1995.

HABITAT RESIOI]RCES:

HABITAT SELECTION OF GRASSLAND BIRDS IN MAINE

Inwstigator:

Advisors:

Cooperators/
Projea
Sappon:

Objectives:

P. D. Vickery

M. L. Hunter, Jr., Chairperson
W. E. Glanz
G. L. Jacobson
N. T. Wheelwright
A. S. White

The Switzer Foundation
Maine Chapter of The Nature Conservancy
Maine Department of Inland Fisheries and Wildlife

l) Identify the species composition and relative abundance of birds found
nesting on blueberry barrens throughout Maine.

?) Identify the vegetational requirements of birds nesting on blueberry
barrens.

3) Determine the impact of habitat alteration on the avian comnrunity on
these barrens.

SCOPE: Though blueberry barrens comprise a relatively small part of Maine's total acreage, these ar€as
fbrm a special ecosystem with a distinctive breeding avifauna. At least five species thet brced prinarily in
this habitat are noted by the Maine Department of Inland Fisheries and Wildlife as Endangered or in need of
some level of protection or monitoring. Bird-life has coexisted with blueberry m4nagerrent for many
decades, but recent introduction ofherbicides on blueberry barrens has significantly altered vegetation and
appears to have a detrimental effect on some species nesting in this ecosyslem.

The Kennebunk Plains, an extensive sandplain grassland in southern Maine, was formedy managed
for commercial blueberry production but has recently been purchased by the State of Maine as habiat for
rare and endangered species. The unique breeding bird community found there has been studied for seven
years. Species breeding at this site include: upland sandpiper, horned lark, bobolink, eastern meadowlark,
vesPer sparow, savannah sparrow, and grasshopper sparow. The latter species is a rarp nesting bird
throughout New England and is experiencing significant, long-term declines throughout its range.
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PROJECT STATUS: All requirements for the Ph.D. degree (in Wildlife) were completed in August lgg3.
The abstract follows:

This thesis explores several aspects conceming the population sletus snd habitat requirements of
grassland birds in Maine and the Northeast. In the first chapter, I exarnined the population status of
grassland birds in New England and New York, and concluded th8t, in general, grassland birds were srnong
the most threatened in the Northeast. Several species, including Upland Sandpipers and Grasshopper
Sparrows, are listed g5 endqngered, threatened, or of special-concern by strte wildlife authorities in all seven
states within the New England - New York region.

The second chapter exrmined important components of the process by which grassland birds select
breeding sites. This eight-year study was conducted on a 240 hectare site in southem Maine that was
actively managd for commercial blueberry pncduction. Several species, such as Eastern Meadowlark and
Bobolink, prefer thicker graminoid vegetation, whereas Upland Sandpipers, Horned Larks and Vasper
sparrows prefer sites with sparser vegetation. commercial blueberry mpnagerneirt, especially the use of
herbicides, can adversely affect breeding densities of several species for as many as six years.

The third chapter examined the importance of habitat area to grassland birds. I censused 90
grassland-barren sites in coastal Maine which ranged in size from ( I to >400 hectares. Although many
-trrassland bird species occupy territories of less than 2 hectares, most species of grassland birds were area
sensitive, i.e., they only occupied larger sites for breeding. Upland Sandpipers were the most sensitive to
area and were rare in fields (50 hectares large. Grasshopper Sparrows were also sensitive to ar€a and were
rare in fields <50 hectares large. Grasshopper Sparrows were also sensitive to area, and reached 50%
incidence in sites 100 hectares large.

In Chapter Four, I conducted an experimental manipulation to see if grassland birds were limited by
the lack ofsong perches. I found that placement ofartificial ofsong perches on degraded habitat had no
efTect on the density of breeding birds. These results suggest that simple efforts to iemediate population
declines of threatened grassland birds are unlikely to be successful.

FRUGIVORY AND SEED DISPERSAL OF FLESHY FRUITING PLANTS
IN A NORTHERN TEMPERATE FOREST

Investigarcr:

Advisors:

Cooperators/
Projea
Support:

Ohjeaiws:

A. A. Whitman

M. L. Hunter, Chairperson
A. S. White
W. E. Glanz

Holt Woodlands Research Foundation
University of Maine
Association of Graduate Students
Sigma Xi

l) Determine fruit production and phenology in an oak-pine forest.
2) Determine dispersal strategies of fleshy fruiting plants in an oak-pine

forest.
3) Compare the quality of seed dispersal by birds to that of foxes.

SCOPE: In a northem temperate forest, little is known about fruit biomass of fleshy fruiting plants, their
phenology, or the relative importance of frugivore-plant interactions to plants or animals. t tnir study, I
determined patterns in fruit biomass, reproduction, phe,nology, and fruit characteristics of fleshy-fruitiig
plants, and investigated the dispersal ecology of Aralia nudicaulis (wild sarsaparilla) in order io understsnd
the ecology of fleshy-fruiting plants and the importanee frugivore-plant interactions to plants and animals.
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PROJECT STAT{/Sr All requirements for the degree of Master of Science (in Wildlife Management) were
completed in December 1992, Aa abstract of the thesis follows:

In a northern temperate forest, I determined patterns in fruil biomass, reproduction, phe,nology, and
fruit characteristics of flashy-fruiting plants, and investigated the dispersal ecology of Aralia nudicautis (wild
sarsaparilla) in order to understand the ecology of fleshy-fruiting plants and the importance frugivore-plant
interactions to plants and anirnals.

(l) I measured fruit biomass from 1987-1990 to determine which environmental factors affected
fruit biomass. Total fruit biomass and fruit biomass of shrub specias increased after logging because
removal of canopy iricreased light. Weather may have affected fruit biom+s; weather in the year of peak
biomass was unique among the four years. Unlike other sites, herb species contributed rxlre to total fruit
biomass in intact forest than shrub species did. Total fruit biomass was sinilar to tbat in other northern
forests but less than in southern fore.sts.

(2) I measured fruiting phenology from July to October 1987. Richness of species in fruit peaked
in August but fruit biomass peakd in July and September. Major avian frugivore abundance was correlated
with richness of species in fruit and fruit-removal rates of 14 species. Fruiting plants probably compete for
dispersers as fruit-removal rates were less when fruit biomass was high. Surall mrmmals were seed
dispersers and predators but not a consistent selective force on phenology. Fmiting phenology was
asscrciated with plant family. Fruiting phenology patlems in temperate forests may strongly reflect
constraints imposed by physiology, climate, and phylogeny and only weakly reflect selective forcas imposed
by disperser abundance and competition.

(3) Three types ofdisperser syndromes emerged !o define endpoints ofa disperser-gradient triad:
sfrecies that were dispersed by bird/large carnivorous mammals, by birds/srnall mammals, and by birds only.
Species of the first group are woody species of edge/gap habitats, fruit early, offer a high reward by
producing large fruits with low seed mass, have high disp"rsal rates, and were limited to three familias.
Forest herbs that yield a moderate reward by producing fruits of a moderate size and seed rnass, and had low
removal rates constitute the second group. The third group fmits late and offers a small reward by
producing small fruits with large seed mass. This paradigm recognized the implicit role of phylogeny in
determining seed dispersers and fruit characters.

(4) Birds and red foxes differed in their dispersal of A. nudicanlls. Foxes removed up to 30% of
fruit and birds removed the rest. Foxes deposited seeds at densities more likely to be detected by seed
predators but less likely to be completely consumed as compared with seed densities of birddeposited seeds.
Foxes may be better dispersers than birds because they deposit seeds along trails where germination and
seedling survival were greater than in forest sites and canopy gaps to which birds probably disperse seeds.

(5) Soil conditions, forest structure and composition of each site, and large disturbances (e.g.,
harvest gas ) l0om2 affected A, nudicaulis ramet age structure, recruitment, and growth more than zubtle
and temporally varying factors such as tree fall gaps, canopy defoliation, climate, and growth of overstory
trees.

EFFECTS OF LANDSPREADING PULP AND PAPER MILL SLUDGE
IN MAINE FORESTLAND ON WILDLIFE POPULATIONS

Investigator:

Advisors:

Cooperators/
Project
Support:

C. J. Vera

F. A. Servello, Chairperson
W. E. Glsnz
R. J. O'Connor

Resource Conservation Services, lnc.
Scott Paper Company
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Determine the ef,lects of landspreading pulp and paper mill sludge on the
density, diversity, and species composition of breeding birds.
Determine the effects of landspreading pulp and paper mill sludge on the
relative abundance, diversity, and species composition of small ln.mmgls
and amphibians.
Determine the effects of landspreading pulp and paper mill sludge on
invertebrate abundance and vegetative species conposition and structure
and examine the relationships of these effects with br€eding bird, sm"lt
mammal, and amphibian population changes.

SCOPE: The U.S. pulp and paper industry produces nearly 4 million dry lons of sludge per year.
Approximately 7o% of this sludge is currently landfilled. However, environmential concerns and
,sovernment regulation of landfilling have stimulated interest in alternative sludge mansgenent practices.

land application is an dternative which currently accounts for 8% of sludge produced. Pulp and
paper mill sludge contain a range of organic matter, nitrogen, phosphorus, and lime which may imprwe soil
structure and enhance forest regeneration. However, sludges applied to forestlands may affect wildlife
populations through habitat modification and possibly through direct toxic effects. There have been few
srudies on the effects of landspreading pulp and paper mill sludge on forest sites representative of those used
in Maine- This study will determine the effects of landspreading sludge in regenerating forestlands on
wildlife populations.

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

I studied the effects of landspreading pulp and paper milt sludge in regenerating forest stands on
populations of breeding birds, small mammals, and amphibians and on habitat characteristics, and
invertebrate abundance (food resources for insectivorous vertebrates). Eight snrdy sites were selected in
western Maine and paired based on vegetative structure and composition in sutrtmer 1989. Sludge was
applied to I randomly selected site from each pair in fall 1990. Pre-treatment and post-treatment population
and habitat studies were conducted on treatment and control sites in summer l99}-lgg2. Populatior
estimates were compared using repeated measures ANOVA, and a significant year x treatment interaction
was considered evidence of a treatment effect.

Breeding bird diversity was high on all sites in all years. Thirty-four bird species established
territories, and white-throated sparrows (Tnnotrichia atbicotlis), common yellowthroats (Geothfuis trichas),
magnolia warblers @endroica magnolia), and alder flycatchers (Empidonax alnorum) occurred consistently
on all sites in all years. Total breeding bird density did not differ among years (P:0.14) and there was no
year x treatment interaction (P=0.26). Small mammals were abundant on all sites (11 species), and masked
shrews (Soru cinereus) and red-backed voles (Clethrionomys gapperi) were the most abundant specias in all
years. Totrl small mamrnal abundance differed among yean @-0.01), but was similar on treatment and
control groups and there was no year x treatme,nt interaction (P-0.36). Because densities of most species
were low, I analyzed effects on groups of breeding bird and small mamrnal species with similar feeding or
nesting habits (guilds). The abundance ofseveral foraging and nesting guilds and individual species did
change (positive and negative) following sludge application, but evidence suggests that thase changes were
due to minor habitat alteration. Amphibians were not abundant on either trestment or control sites.

Because many species of breeding birds and small mammals occurred inconsiste,ntly and at low
densities, I cannot conclude that effects due to sludge application did not occur. However, abundance of
most species was similar on treatment and control sites which suggests that large negative effects are not
likely.

Habitat characteristics exhibited little change after sludge application (increased foliage below 1.0 m
on sludge amended sites) and total invertebrate abundance (food nesouroes for insectivores) was similar on
treatment and control sites after sludge application.

In addition to the lack of overt effects on wildlife populations, several lines of evidence suggest that
sludge did not have a direct effect on individuals or populations: 1) 2, 3, 7,8-tetrachlorodibenzo-pdioxin

l)

2)

(3)
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Cooperarcrs/
Projea
Support:

Objeaives:

(TCDD) and 2,3, 7, 8 tetrachlorodibenzofuren CICDD concentrations were low in shrews aod bird egg
tissues studied by Martin (1991), 2) earthworms, considered a rnqjor pthway for transfer of TCDD and
TCDF to some 5apll mammal and birds species, were rane, 3) some small rnammql populations increased
substantially daspite the presence of sludge, and 4) I found no evidence of effects on reproduction in red-
backed voles.

USE OF LANDSAT TM DATA FOR MAPPING
MIGRANT LANDBIRD HABITAT IN SOUTFIERN BELIZE

Investigator: J. P. Spruce

Advisors: S. A. Sader, Chairperson
M. K. Beard-Tisdale
T. B. Brann
M. L. Hunter, Jr.

U.S. Fish and Wildlife -
Patuxent Wildlife Research Ce,nter

Department of Forest Management, U of M

l) Apply computer-aided processing of satellite data !o rnqp and monitor
neotropical habitat availability for avian migrants wintering in C€ntral
American study sites.

2) Develop a habitat classification approach suitable for regional applications
on an operational basis.

SCOPE: Human-induced habitat change is occurring throughout the tropics, and the iryact of land use
chan-ee on migratory land birds is believed to be signi.ficant yet difficult 8o quanti$. Evaluation of habitat
availability and use by migratory birds wintering in the neotropics is being done using data from satellite
remote sensing and field surveys of bird habitat use. This two-steged approach allows a method to estimtte
regional trends in bird/habitat associations, and is less expensive to apply regionally, compared to ground-
basecl methods.

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

The Neotropics include several natural and human-maintained habitats used by overwintering
migrant landbirds. The recent decline of many forestdwelling avian migrants is believed to be related in
part to neotropical deforestation and land use change. However, spatio-temporal trends in neotropical
habitat availability and avian migrant use are generally not known. Such information is needed to assess the
impact of neotropical habitat change on migrant landbirds. Previous studies indicate that Ilndsat Tl[ dsta
rnay be useful for mapping broadly defined neotropical habitats but map accuracy assessm€nts have been
limited to one study area in Costa Rica.

This study investigated the use of I:ndsat TM data for mapping migrant landbird habitat in
southern Belize. Image processing ofl andsat TM daa and field checks were applied to produce
georeferenced habitat maps for two study areas (Toledo and Stann Creek). Locational and non-site-specific
rnap accuracy was evaluated by stratified random saryling and statistical analysis of satellite classification
(SCR) versus air photo interpretation results (PIR) for the overall classification and individual classes. The
effect of classification scheme specifrcity on rnap accuncy was also asseseed. A decision criteria was
developed for the minimum acceptable level of satellile map performance (i.e, classification accuracy and
scheme specificity). A satellite mep was deemed scceptable if it had a useful degree of classification
specificity, plus either an adequate overall locational agreement e 7O%) snd/or non-site-specific agreement
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(Chi Square goodness of fit test results indicating insufFcient evide,nce to reject the null hypothesis thet the
overall classification distribution for the SCR and PIR are equal).

For the most detailed revised satellite map, overall locational agreem€nt ranged ftoa 52% (5 habitat
classes) for the Toledo to 63% (9 classes) for the Stann Creek. For the least detailed revised satellite rnap,
overall focational accuracy ranged from9l% (2 classas) forToledo to 86% (5 classes) for Stann Creek.
Considering results from both locational and non-site-specific accuracy assessment, the most detailed yet
suffrrciently accurate classification for both study sites included low/medium/tall broadleaf forest, broadleaf
forest scrub and herbdominated opening. For these classifications, the overall locationat agreem€,nt was
72% for Toledo (4 classes) and'75% for Stann Creek (7 classas). This level of classificetion accuracy and
precision is adequate for aidi"g mnny analyses of migrant landbird habitst use. This is good news for
omithologists assessing migrant landbird habitat use in moist and wet life zones of the Neotropics.

Investigators:

Cooperanrs/
Projea
Suppott:

Objectit'es:

A LONG-TERM FOREST ECOSYSTEM STI]DY

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

Holt Woodlands Research Foundation
Mclntire-Stennis

l) Describe the structure of the plant and animal comnunities in an oak-pine
forest ecosystem.

2) Investigate the effect of woodlot management on community structure.
3) Document phenological, interannual, and long-term changes in community

structure.

SCOPE: Thousands of people own woodlots, and they control a resource that is not currently being
adequately managed despite a growing demand for forest products. To many landonmers, perhaps 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 mrnage their land at all.
Thus, there is a great need for information on how to mnnage small woodlots, particularly in ways that
maintain or enhance wildlife and similar values.

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

Our primary objective is to describe the structure of the plant and animal community. We are
undertaking (l) a lffi% inventory of trees (> 10cm DBH) and inteirsive inventories of tree rege,neration, (all
trees are being individually numbered and, on 12 tracts, napped); (2) a complete description of the vgscular
plant vegetation using the relev6 technique; (3) an inventory ofail breeding bird territories; (4) transect
surveys of nonbreeding birds; (5) small rnammal trapping; (6) salanander quadrat counts; (7) observations of
reproductive efforts (flowering and fnriting) for 13 herb and shrub specias; (8) estiruates of seed and fruit
production; (9) general surveys ofcanopy insect abundance; and (10) meteorologicd observations. These
data, largely population estimates, are integrated by area units (usually 0.25 ha blocks) and analyzed to
portray the forests' community structure. After five years of gathering baseline data, in 1987 ure began
managing the experimental area with three objectives: (1) increase wood production; (2) increase wildlife
diversity and abundance: and (3) maintain the forest's ae.sthetic value. By continuing to monitor populations
and processes, we can attain the second objective. Over the course of 20 years, we will begin to understand
how the community changes seasonally and from year to year; this is the essence of the third objective.
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PROJECT STAIIIS.' ln 1993, tasks 3, 4, 5, 6, 7, 8,9, end l0 as outlined above, were completed, snd a
study investigating the vegetation of tree fall gaps, ledge openings, and patchcuts and how they influe,nce
predation on bird nqsts was continued.

FUTURE PLANS: The 1994 field season will replicate the 1993 field season with additional work on forest
gap dynamics and their effects on forest understory plants.

EFFECTS OF HEAVY METATS ON FISHES AND EAGLES
OF THE NORTHEASTERN UNNED STATES

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

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

U.S. Fish and Wildlife Service -
National Fisheries Contaminant Research Center -
Columbia. MO

National Fisheries Research Center - Leetovm

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

Atlvisors:

SCOPE: Hi-eh concentrations of mercury have been found in fish and wildlife in locations remote from
industrial dischar-ees or mercury-trearing rock. Such conditions have been documented for fish and bald
ea-sles in Maine' Atmospheric deposition of mercury emitted to the atmosphere from fossil fuel combustion,
refuse incineration, or industrial processes and deposited with rain and snow is believed to be the major
sourc€ of mercury to these areas. The problem occurs prirnarily in areas where waters are low in acid
neutralizing capacity. Other factors such as acidification, construction of impoundments, and increased
temperature may increase bioavailability of mercury. Conversely, treatment of waters with lime may reduce
bioavailability. In order to manage this threat, information is needed on the source of mercury, the factors
that control bioavailability, and possible remedial techniques.

PRQJECT STAZUS.' The general objectives of this study are to determine the iryortance of atmospheric
input of mercury on mercury content of fish, and the effects of within-strean of inorganic
mercury to methyl mercury. Specifically, the total, acid-labile, and methyl mercury content of stream water,
se<liments, and benthic invertebrates will be measured periodically to assess the seasonal and stream
chemistry influence on availability of methyl mercury to fish. Models will be used to assess the importance
of diet versus direct uptake of mercury. The working hypothesis is that stream temperature, aciditn and
dissolved organic carbon (DOC) content influence either the chemical or microbiological methylation of
mercury, or the uptake of rnethyl nercury'by biota, and that the diet is the major route of uptake.

Cooperators/
Project
Support:

Objeaivc:
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FUTURE PLANS: Three projects are currently underway, two of them just starting. One Masier of Sciencc
thesis is expected in December 1993, two others in August 1994.

EFFECTS OF DIGESTIBLE ENERGY CONTENT OF WINTER FORAGES ON
WHITE.TAILED DEER NUTRITIONAL ECOLOGY: IMPLICATIONS FoR
FORAGE-BASED CARRYING CAPACITY IN DEER WINTERING AREAS

Investigator: P. B. Gray

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

Cooperators/
Projea
Support:

Ohjeaives: l) Determine relationships between dietary digestible energy content and
digestible energy and nitrogen intake for white-tailed deer fed winter
diets.

2) Determine interspecific and intraspecific variation in the nutritional
quality of winter forages.

SCOPE: Mature spruce-fir forest stands are critical winler habitat for white-tailed deer (Odocoilcw
virginianus\ in Maine. The high value of timber on these sites provides an opportunity'to integrate the
management of timber resources and deer wintering habitat. However, the relative value of timber
harvesting methods for improving shelter and foraging habitat for deer in wintering areas is poorly
understood. Assessing the value of timber harvest relative to deer nutrition requires an understanding of
forage quantity and quality variation in wintering aress and its relationship to deer nutritional limitations.
The purpose of this project is to assess diet quality in wintering areas and to determine limitations of deer
for using poor quality winter diets.

PR0JECT STAZUS; Digestion trials using 9 white-tailed deer were conducted at the University of Maine
Captive Wildlife Research Facility during the winter of 1991. Deer were fed winter browse diets spanning a
range of digestible energy intake. Samples of 6 forage qpecias were collected within a deer wintering area-to
examine intraspecific variation in quality due to shading, plan form, browsing, and stem size. Thirtee,n
forage species were collected to examine interspecific variation in forage quality during winter. Laboratory
analyses are complete and daia analyses age in progress.

FUTURE PLANS: Thesis completion in Fall 1993.

Mclntire-Stennis

MOOSE ACTIVITY
wTn{

W. E. Eschholz

AFTER COMFER RELEASE
GLYPHOSATE

Investigator:
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Advisors:

Cooperarcrs/
Project
Suppon:

Objeaives:

F. A. Servello, Co-Chairperson
W. B. Ikobn, Co-Chairperson
J. R. Gilbert
R. D. Briggs
M. L. McCormack, Jr.

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

(l) Determine if moose activity differs between gllphosate treated clearcuts
and untreated clearcuts l-2 years post-treatment and 7-10 years post-
treatment.

(2) Determine the effects of landscape scale habitst characteristics
on moose habitat use in glyphosate treated and rmtreated
clearcuts.

K. S. Raymond

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

Maine Cooperative Forestry Research Unit
Maine Coo'perative Fish and Wildlife Research Unit
University of Maine.

(3) Determine the effects of stand developme,nt characteristics on
moose use of glyphosate treated clearcuts and untreated stands.

SCOPE: Early seral forest communities created by clearcutting provide large qrrarrlilie.s of hardwood browse
for moose. Herbicides are applied to clearcuts in Maine to suppress hardwood vegetation and hasten growth
of coniferous trees. Use of herbicides in forest management is a subject of public concem because of
uncertain effects on moose habitat. Glyphosate, trade name Roundup, is the most commonly used herbicide
for conifer release in Maine.

PROJECT STATUS: Twelve 20 to 80 ha regenerating clearcus scheduled for glyphosate treatment were
selected as study sites for the study of l-2 yat post-treatment effects. Nineleen older sites (14 treatment
and 5 control) were selected for study of 7-10 year post-treatment effects. Pre-treatment aerial and ground
surveys of moose and moose tracks were completed in winter 1991. In summer 1991, 6 short term sites
were treated with glyphosate. Ground surveys were performed in winter of 1992 and 1993 and analysis of
track counts and habitat characteristics was completed in summer 1993.

FUTURE PLANS: Completion of thesis is scheduled for December 1993.

EFFECTS OF GLYPHOSATE ON WINITER NUTRITIONAL ECOLOGY
OF MOOSE IN MAINE

Investigator:

Advisors:

Cooperators/
Project
Support:
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Objectives: l) Determine effects of glyphosate on winter browse and digestible energy
availability for moose at 1-2 and 7-10 years post-treatm€,lrt.

2) Determine effects of glyphosate on winter browse utilization and diet
quality for moose at l-2 and 7-lO years post-treatment.

SCOPE: The herbicide glyphosate is used extensively in forest m.nagement after clearcutting to control
hardwoods and promote softwood regeneration. Moose feed prinarily on hardwoods in winter and must
maintain a high food intake to compensate for low €Nrergy content of browse and increased energy
requirements during this time. Consequently, glyphosate may significantly affect food intake and diet
quality for moose. However, the effects of glyphosate on mq)ss nutrition may vary as the stand regenerates
from treatment.

PROJECT STAWS: The project is nearly complete. Twelve young clearcutrs were surveyed in winter t99l
for browse availability and utilization. ln August 1991, 6 of these were randomly chosen and operationally
sprayed. The remaining 6 served as controls. Thase sites were surveyed again during the winters of l99Z
and 1993. Nineteen older clearcuts (14 sprayed, 5 unsprayed) were also similarly surveyed during the
winters of 1992 and 1993. Browse samples were collected and amlyzed fornutritional quality.

FUTURE PLANS: Data analyses will be completed in the fall of 1993. Thesis completion is expected in
Mav 1994.

QUANTIFYING
MARTEN

Investigator:

Cooperators/
Projea
Support:

Objective:

THE RELATIONSHIP OF FOREST MANAGEMENT TO MAINE'S
HARVEST WITH A GEOGRAPHIC INFORMATION SYSTEM

T. P. Hodgman

University of Maine
Maine Irnage Analysis l-aboratory
Maine Department of lnland Fisheries and Wildlife

Examine the relationship betrveen Maine's marten harvest and trapper access and
habitat types using spatial analyses.

SCOPE: The remote habitat occupied by pine martens (Manes americana) has offered some protection from
overexploitation. However, continued construction of logging roads has proviiled marten trappers with
access to previously inaccessible areas. Past studies on the effects of trapper access on Maine's rnartgn
harvest did not account for misreporting the location of capture nor the spatial arrangement of habitat types
and forest roads. To overcome these limitations, towns will be grouped by geographic region; marten
harvest, trapper access, and habitat data will be summarized by these township clusters. Also, a superuised
classification of a t986 l-andsat TM image ('leaf on") will be used to identify habitat types. This
classification will be part of a GIS, which also includes roads and township borders for approximately 75
townships in northern Maine. After removing the area occupied by unzuitable rnarten habitat (i.e., water,
clearcut, etc.) in each township cluster, comparisons will be made between the harvest of marte,n and the
arnount and spatial arrangement of forest roads and habitat t1.pes.

PROJECT STATUS: Processing of satellite imagery is complete. A database of primary and secondary roads
for the entire study area is complete. Maps and/or photos have been acquired for all towns.



Investigator:

Advisors:

Cooperators/
Project
Support:

Objectives:
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FUTURE PL4INS: Editing the road database for approximalely n% of the study area is the next step.
Editing should be completed by late 1993. Analysis of harvest, ecc€ss, and habitat date will be performed
in 1994. Processing of satellite imagery is somplete. Coverages have been ge,nerated from roads data for
approximately 213 of the study area. Most primary and some secondary roads dala are in coverages for the
remaining l/3. All spatial data have been clipped to coincide with the boundaries of the study area.

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

K. E. McCracken

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

Holt Woodlands Research Foundation
University of Maine

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

2\ Determine which animals are relatively more effective at removing three
species of tree seeds (i.e., "srnall" rodents [mice and voles], "large'
rodents [squirrels], or other potential avisn and mammalian seed
predators).

3) Investigate other possible correlates of seed predation (i.e., seed size, seed
preference, time of day, lunar cycle).

4) Investigate the response of small mammals (population levels, animal
condition) to temporal and spatial variation in s€ed fall.

SCOPE: Many species of small mamnals in temperate forests depend on tree seeds for a substantial portion
of their diet. Thus, temporal and spatial variation in s€ed fall may profoundly affect anirnal condition,
reproduction, and survival, rezulting in dramatic intra- and inter-annual fluctugtions in population levels.
This study examines how temporal and spatial variation in seed fall of three species of trees ftd rurple (Acer
rubrum), northern red oak (Quercus rubra), and white pne (Pinw strobus)1, affect small mammal
populations in the Holt Forest, an oak-pine ecosystem in southern Maine.

STATUS: Two field seasons have been completed with a third and final one in progress. For two years
removal rates of red maple, red oak, and white pine seeds were monitored during their respective periods of
seed fall, in five habitat types (ledge, dead tree, and small harvest gaps, matched by size; large harvest gaps,
and forest), and in four treatment regimes (seeds on the open ground, or in a wire cage, with one section
that excludes all rnammalian and avian seed predators, one that allows access to nice and voles only, and
one that allows access to mice, voles, and larger mammalian seed pledators, primarily chipmunks and
squirrels). This was again replicated with red maple seeds in June 1993, and may be replicated at a subset
of sites with red oak and white pine seeds in October. Ia L992 rates of seeds removed nocturnally versus
diurnally were monitored for three days to substantiate the observed patterns. In late August, small mammal
abundance at experimental sites was quantified by four nights oftrapping during all three years.
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Removal rates of red rnsple seeds have been monitored all three years in large harrrest gaps and
continuous forest, during full and new-moon periods, to test whether srnall m4mmels shift their foraging
microhabitat to sites with more cover (under a bush versus three reters away) as ambient light increases.

In 1992 red oak acoms and white pine seeds were placed together in trays and covered with 3 cm of
sand to determine which species was preferred.

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

Ten years of data from the Holt Forest are cunently being analyzed to ass€ss the density response
and animal weights (as an index of condition) of small memmals to temporal and spatial variation in seed
fall.

An addilional set of experiments are being designed for October 1993 bas€d on preliminary results
from analysis of both field observations and the long-term data sets, and rnay include seed prefere,nce trials
with captive Peromyscus leucopus and Clahrionomys gapperi to investigate effects of seed size and tannin
level of recl oak and white pine seeds on palaiability.

FUTURE PLANS: The final field season is in progress. Data analysis continues, and dissertation
completion is targeted for May 1994.

AMPHIBIAN HABITAT USE AND DISPERSAL IN A FRAGMENTED FOREST

Investigator:

Advi.rors:

Cooperators/
Prclecr
Support:

Objeaives:

P. de Maynadier

M. L. Hunter, Jr., Chairperson
W. E. Glanz
D. J. Harrison
M. M"Collough
R. J. O'Connor

Maine Agricultural Experiment Station
Mclntire-Stennis

l) Identify forest habitat variables of potential importance to terrestriel
amphibians.

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

3) Determine the importance of logging roads as a potential barrier to the
movements of amphibians and small mammals.

SCOPE: Forest fragmentation has potentially profound effects on the isolation of wildlife populations and is
presently a major threat to biological diversity worldwide. Forest landscapes are increasingly bisected by
human development, including 1) linear features such as roads, power and gas right of ways, and rail lines,
and 2) block features such as agriculture and clear-cuts. It is important to rmderstand the permeability of
these barriers to the movements of various witdlife taxa. Formerly continuous populetions which become
isolated may exhibit metapopulation dynamics and rnay be more prone to extinction through demographic,
genetic, or environmental stochasticity.

The degree to which human disturbance in a forested landscape serves as a barrier to dispersat is
poorly understood with work having been conducted mainly on birds gnd mrmmrls, two highly vagile taxa.
In order to better understand the importance of barriers as isolating mechanisms, this study will quantify
amphibian and small mammal response to Maine's forest roads and clear-cuts.
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PROJECT STATUS: Upland forest-clearcut edges chosen from a gradie,nt of high !o low contrast were
sampled using drift-fences built perpendicular to the forest edge. C-aptures of snakes, amphibians and small
mammals were monitored continuously from June to September, 1992-1W3. The trapping lechnique is
especially effective at capturing a large abundance and richness (15 +p.) of aquatic disp€ning and upland
resident amphibians. In addition to distance from edge, hsbitat data was collected around each pitfall trap in
1993 including litter depths, canopy cover, ground cover, vegetation strata and nearest distance to suitable
c<tver objects. Preliminary analysis reveals a general decline in richness and abundance across the gradient
fiom torest to clearcut habitat. Species-specific rasponses included generalists (American toad) and forest
specialists (wood frog and red-backed salamnnder), however no species was found to specialize on clearcut
or nonforested habitat.

In order to better understand the effect of forest edge habitat on aryhibian moverrcnts a semi-
natural experimental approach was used in the 1993 field season. Cultured wood frog larvse were released
adjacent to discrete forest/powerline edges and their movem€nts monitored using an enclosed drift-fence
design. It appears that even dispersing, juvenile wood frogs avoid non-forcsted cover when given the
choice, however variability was high and further replication is needed n t994.

In the spring of 1992, paired drift-fences were placed adjacent to a logging road edge and in the
forest interior serving as treatment and controls, respectively. This dasign allowed for tests of potential
barrier effects the road might have on amphibian and small rnammal movements. As a group, salamanders
made si-snificantly more movements through the forest than equivalent movements across the road (a narrow,
gated fbrest track). However. for those animals that approached the road's edge there was no filtering of
movements for any species. A wider, heavily used logging road was studied in 1993 (the Stud Mill Road)
for which analysis is not yet complete.

FUTURE PLANS: Monitoring will be continued at previously established forest-edge transect sites, and one
or two additional locations will'be chosen to expand the ctnrent 'high-low" contrast gradient of edge type.s.
Two of the study sites are likely to be clearcut by their owner during the 1993-94 winter, allowing an
opportunistic comparison of pre- and post{isturbance amphibian and small marnmal responses. Further
replication of the powerline/forest edge dispersal experiment will be made in 1994 with the addition of both
cultured American toad (egg Inasses unavailable in 1993) and wood frog larvae. An examination of potential
road barriers to dispersal will be continued in the 1994 season by either selecting a new logging road
replicate, intermediate in size to the previous sites, or by examining the Stud Mill Road again using an
experimental dispersal design similar to the powerline edge work described above.

lnvestigators:

NEW ENGLAND BIODIVERSITY PROJECT (EMAP)

R. J. O'Connor
M. L. Hunter Jr.
R. B. Owen, Jr.
S. A. Sader

A. A. Whitman
H. Devaul

U.S Environmental Protection AgencyCooperators/
Projea
Suppon:

Objeaive: The prirnary objective of the project is to relate extant data on bird distributiur in
New England to landscape characterization of the region. The final report will
recommend to the EPA on how best to utilize this infonnation within the
framework of the national EMAP project.
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SCOPE; The U.S. Environmental Protection Agency is currently developing a netion-wide monitoring
program known as EMAP (Environnental Monitoring and Assessment Program). This project evaluates
extant bird and habitat data in order make recommendations for bird and hsbitst nonitoring protocols for use
in the EMAP program.

PROJECT STATUS: This project has three objectives: (1) to evaluale currelrt bird monitoring schemes and
determine their usefulness and potential biases; (2) to compare extant and new habitst data and deterrrine the
relative usefulness of different methods of monitoring bird habitats; (3) to detennine whether guilds of bird
species are useful in designing monitoring schemes.

Two studies investigated whether the BBS monitors bird populations in a relatively unbiased
manner. In the ftrst study, time-limited bird censuses were conducted by searching for birds in 0.0625 sq.
mile blocks away from roads ('checkplots') and the trends were compared to bird datr from adjacent
UsFws Breeding Bird Survey routes (BBS). Uncommon bird species and forest interior bird species were
more frequently detected by the checkplot method than the BBS but the edge, wetland, and agricultural
species were more frequently detected by BBS, the latter largely because checkplots were deliberately located
away from roads. However, the checkplot method was discarded because it took more than 60 minutes to
rer,orcl75% of the bird species per checkplot.

In a second study, 29 EPA hexagons (64 km2 each) were surveyed for birds using 20 five-minute,
limited area point counts per hexagon. Hexagons were selected to cover the range of the principal eco-
re-sions in New England. Within each hexagon, census points were placed so as to census a variety of
habitats yet be representative. Habitat data were also gathered at each oensus location. Analysis of the bird
data is in progress but an initial analysis of the habitat data revealed that three forast types and hayfields
dominated over 5O7o of the census points and that hayfields and mixed forest were disproportionately
rec<lrdecl along roads and away from roads, respectively.

The second component of the project compared extant and new habitat data to determine the
usefulness of each in monitoring bird habitats. All sources of habitat data were sampled near or on BBS
routes and came'from three sources: USGS land use / land cover data ('LUDA') from the mid-1970s (54
BBS routes), point habitat data previously determined by EPA staff from aerial photography data ('EPIC")
of the mid-1980s (same 54 BBS routes), and percent cover habiat data from each BBS bird census point
('BBS habitat") collected by this proj€ct in l99l (73 BBS routas). All three methods were moderately
comparable in the habitats that they indicated. However, domiriant habitats indicated BBS habitat data better
matched LUDA and EPIC data at all scales than vice versa. Moreover, bird abundance was better correlated
with BBS habitat data than with LUDA and EPIC data. Thus, our BBS habitat protocol appears to better
measure bird habitats than LUDA and EPIC data. The last phase of this component includes comparing bird
population and habitat changes from the late 1960s to the mid-1980s.

The third component of this investigation was to determine the usefulness of a guild approach to
monitoring bird population and their habitats. 1rys adapted algorithms used in pattem recognition in robotics
to classify species on the basis of the similarity of their attributes. These'algorithms were used to group
species on the basis of their habitat use and yielded more successful groupings (as judged by two eipert neft
ornithologists) than did altemative conventional clustering prograns. The new approach fuss rneny
advantages over traditional methods, both in removing zubjectivity and in handling a variety of attribule data
structures. A preliminary guild classification was developed based on'an analysis of life history data using
the new algorithms.

FUTURE PLANS: An analysis of bird population and habitat changes from the 1960s to the l98Os will be
complete<l by November. Work is currently underway finishing analyses in progress and report writing
cufminating in a final report in Dwember 1992.
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AN ANALYSIS OF BIODIVERSITY IN NE\il ENGLAND:
GIS ASSESSMENT OF TERRESTRTAL VERTEBRATE DIVERSITY IN MAINE

Irtwstigator:

Advisors:

Cooperators/
Projea
Supportl

Objeaiwsz

R. B. Boone

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

U.S. Fish and Wildlife Service
University of Maine
Maine Department of Inland Fisherie,s and Wildlife
Maine Departrnent of Consenation
Maine Office of Geographic Information Systems
Champion International Corporation
Bowater4reat Northem Paper, lnc.

l) Develop detailed range meps of non-fish vertebrate species in
Maine, using literature on species-habitat relations, and expert
review.

2) Create specias richness rnrps for various groups ofspecies
(e.g., neotropicd migrant birds), and compare thern to areas
managed for natural vegetation, to identi$ gaps in
biodiversity protection.

3) Correlate species richness distributions with woody plant
distribution, clirnatic variables, and geomorphology, to
charactenze factors detennining the distribution of Maine
terrestrial vertebrates.

SCOPE: Developing and implementing recovery plans for species that are threatened or endangeled is
expensive, disruptive, and may be unsuccessful. Conservation plans are best implemeirted when species are
cornmon 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 natural vegetation. Managers can use the results of the Maine Gap Analysis in regionat land
management decisions, specifically to provide adequate habitat !o naintain species populations.

In additional research, I wish to determine why groups of species in Maine are distributed unevenly.
I will compare species richness maps with woody plant species richness, climatic variables, and
geomorphology, to prioritize the importance of variables in deterufning vertebrate species ricbness. I will
relate my findings to: l) the utility of plant diversity in predicting vertebrate diversity; 2) theoretical
predictions of the relationship of amphibians, reptiles, birds, and mammals io landscape variables; and 3)
potential affects ofglobal climate change on vegetation in conservation lands.

PROJECT STATUS: As Maine Gap Analysis e,nters its 19& month, we ane developing our species synopses
in eamest. After many reviews, we have essentially finalized the species synopsis format we will be "srng
to charecterize the range and habitat associations of vertebrates that breed in Maine. We acquircd the
DeGraaf et al. database from the University of Vermont, and crosswalked it to the system we are using to
identify habitat use. lnitial range maps have been created for all arnphibians, reptiles, rmmrnels, 3id tr
subset of birds. Templates for ecological infonnation and initial habitat matrices have been developed for all
species cited in the DeGraaf database.
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We have compiled existing vegetation maps from 60 areas throughout Maine, representing about
4% of the area of the state. We have maps from 25 state Wildlife Management Areas, three areas of the
Maine Bureau of Public l-and, maps from 27 toumships that are onmed by two of our cooperttors, Bowater
lnc. (n: 15) and Champion lntemational (n:12), and digital coverages for 5 additional areas. For each of
the areas, a corresponding National Wetland lnventory rnap was acquired, if available, and one or more
stereographic pairs of NAPP color-infrared photographs were purcbased for each area, in cooperation with
the Northern Forest l-ands Council. The information available was shipped to the University of
Massachusetts for use in training and verification of the vegetation mop. We will be conducting some
ancillary tests of the quality of the vegetation map, after the prinery tests by Dr. Finn are conpleted. We
have several sets of habitat data for about 20 Maine lakes, and a similar number of Breeding Bird Survey
Routes, where colleagues visited to classify the vegetation. These data will be compared to the habitas
shown in the existing vegetation map.

We acquired from the Maine Department of lqla"d Fisheries and Witdlife (MDIFW) their database
storing records of occurrences of threatened and endangered species. A contract using Maine Gap Analysis
funds has provided MDIFW with a small amount of funds, to be used to update specias occurre,lrces and add
additional species to this database. We funded a pilot project, in cooperation with MDIFW, which entailed
digitizing the map@ deer wintering areas and wading waterfowl habitats in southcentral Maine.

The Maine State Planning Office has completed a revision of the Consewation I:nds of Maine
maps. The maps are produced at l:250,000 scale, and include all federal and state conservation lands. In
this revision, lands owned by large conservation groups (e.g., The Nature Conservancy, The Audubon
Society) are included. The Planning Office is adding the updates and revisions to the existing conservation
land digital coverage.

Boone attended a week-long Advanced ARC/INFO course, taught by ESRI in Augusta, Maine, and
developed a proposal for his doctoral research.

FUTURE PLANS: Through the following year, we will complete the species synopses for vertebrales is
Maine, and have them reviewed by experts. Models will be developed that predict specias distributions.
Ancillary data (e.g., elevation, soils) will be acquired for the state.

GIS ASSESSMENT OF VERTEBRATE SPECIES DIVERSITY IN COASTAL MAINE

Invesfigator:

Advisors:

Cooperators/
Projea
Suppon

Objeaiws:

C. M. Johnson

W. B. IGohn, Chairperson
J. R. Gilbert
A. E. Hutchinson
J. R. Moring
R. L. Dressler
W. E. Glanz

U.S. Fish and Wildlife Service
University of Maine
Maine Department of Inland Fisheries and Wildlife
Maine Office of Geographic Information Systems

1) Develop range rnaps of vertebrate species breeding and wintering in
coastal Maine, using available literature and expert review.

2) Develop habitat models for aquatic species (e.g. fish and seabirds) and for
terrestrial species inhabiting insular environments (e.g. terrestrial
mammals).
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3) Compare individual species oocurrcnoe predictions derived from insular
habitat models to those made using statewide terrestrial hsbitat models,
where available.

4) Create specias richness maps for various groups of species irhabiting the
Maine coast, and compars them to areas mennged for natural vegetatiou,
to identi$ gaps in biodiversity prolection. Also, coryar€ atreas

exhibiting high vertebrate species richness during winter with those found
for the breeding sesson.

SCOPE: A Gap Analysis is currently underway for the Sate of Maine, identiffing areas of high vertebrate
species richness and their associations with terrestrial vegetation types. Terrestrial Gap Analyses rely
primarily on the association between vertebrale specias and their vegeiation (babitaQ associations to malce
predictions regarding species occurences. While vegetation also may play an important role in predicring
distributions of aquatic species, other variables tnay be as or more important. Thus, a variety of biotic s$d
abiotic variables, including such factors as island size and humrn disturbance levels, will be used to
formulate species-habitat models for the coastal environment. These rnodels will be used to predict seasonal
(breeding and wintering) distributions of vertebrate species, including some fishes, along the entire Maine
coast.

A second, more refined analysis will be completed for the Penobscot Bay area. While the mapping
scale of this analysis will be the same, 1:24,000, the vegetation classifications will contain more detail and
the minimum mapping unit will be snaller than that used for the e,ntirc coastline.

PROJECT STAZUS.' Since the beginning of the project in June of this year, our effort hm concentrated on
laying the groundwork for later stages of the research. We have purchased I computer (486166 Mhz Tri-
CAD) and associated software necessary to complete the analysis. Johnson completed an introductory course
in ARC\INFO and attended the 1993 National Gap Analysis Workshop meeting to become familiar with
techniques used by other states in completing their terrestrial Gap Analysas. National Wetlands Inventory
(NWI) maps and NOAA maps have been acquired for the entire coastline, along with 1:24,000 USGS
quadrangle maps for the intensive study area.

We also have begun to compile a library of geographic material for the coastal analysis. In addition
to the l00k digitized coverages acquired for the Maine State Gap Analysis, we have purchased 24k USGS
coverage for the Maine coastline, dascribing: hydrology, transportation networks and the coastline. We also
have digitized NWI mapping for approximately half of our intensive study area and are planning to acquire
the remainder of this coverage in the near future. We are awaiting the availability of Maine Geologic
Environment Mapping, currently being digitized by the state. All geographic data will be maintained using
the same standards as those set for the State Gap Analysis project and used by the state GIS office.

Winter range maps have been developed for migratory bird species wintering in Maine, using
Christmas Bird Count (CBC) data collected over the past 15 years and other available literature. Winter
species-habitat relationships currently are being develo@ for these spec.ies. We have begun collecting and
organizing both published and unpublished documents for use in refining these relationships and in
developing inzular species-habitat models for species bleeding and\or wintering in coastal Maine. We also
are working with the Maine Depailme,nt of Inland Fisherie"s and Wildlife (MDIFW) to develop an up,io'
date, comprehensive historical database for seabirds nesting in the Penobscot Bay area.

FUTURE PLIINS: Develop seasonal range maps and specias-habitat models for aqrutic and insular
vertebrates in coastal Maine. Complaa-t\e seabird datahse and obtain other, detailed datahses for use in
te.sting the insular species-habitat models t\, UOffW coastal wildlife surveys and specific fish assemblage
srudies). \
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APPLTCATION OF SATELLITE DATA TO MONTTOR
NEOTROPICAL MIGRANT BIRD HABITAT IN CENTRAL AMERICA

Inrestigators:

Cooperators/
Project
Support:

Objectives:

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

U.S. Fish and Wildlife Service -
Patuxent Wildlife Research Center

Department of Forest Menagement, U of M

l) Apply computer-aided processing of satellite data to map and monitor
neotropical habitat availability for avian migrants wintering in central
American study sites.

2) Develop a habitat classification approach suitable for regional applications
on an operational basis.

SCOPE: Human-induced habitat change is occurring throughout the tropics, and the impact of land use
change on migratory land birds is believed to be significant yet difEcult to quantify. Evaluation of habitat
availability and use by migratory birds wintering in the neotropics is being done using data from satellite
remote sensing and field surveys of bird habitat use. This two-staged approach allows a method to qstimate
re-sional trends in bird/habitat associations, and is less expensive to apply regionally, compared to ground-
based methods. GIS techniques are being used to aid evaluation ofregional trends.

PROJECT STATUS: Iandsat TM satellite data has been processed to produce a habitat availability map for a
southeast Guatemala study site. Additiond analyses of habitat availability and change detection have been
produced for a Veracruz, Mexico study site. Maps and aerial photographs have been acquired to aid in
habitat classification and analysis. Habitat classifications are being nodified on the basis of knowledge
gained from field visits and interpretation of air photos, naps and statistical measures of satellite data multi-
spectral characteristics. Hepinstall assisted USFWS biologists in mist netting surveys and field checking
preliminary habitat maps of the southeast Guatemala site during a five week field season in early 1993.
Spruce's thesis on the Belize habitat mapping accuracy has been completed. An annual report to the U.S.
Fish and Wildlife Service was submitted in October 1993.

FUruRE PLANS: The project will focus on analyzing trends in habitat availability and migrant habitat use
at the Guatemala study site. U.S. Fish and Wildtife Service co-investigators will complete a final report on
Belize survey of habitat availability and avian migrant habitat use during fiscal 1994. The USFWS,
University of Maine, and National Autonomous University of Mexico are co-organizing 8o international
symposium on conseryation of migratory birds in Mexico to be held in Caternaco, Mexico, November 5-7,
1993.

HABITAT SELECTION BY WINTERING WATERFOWL IN COASTAL
FRESHWATER WETLANDS OF MOROCCO; THE CASE OF

MEHDIYA WETLAND

Investigator: M. El Hamzaoui
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Advisors: J.A. Sherburne, Chairperson
W.B. Glanz
D.J. Harrison
F.L. Newby
D.G. McAuley

Office of lnternational Programs, U of MCooperators/
Projed
Suppon:

Objeaives: l) To examine the distribution aod abundance of wintering avifaune in kke
Mehdiya and essociated marshlands.

2) To determine teryoral and seasonal (f8ll and winter) differences in habitat
use by wintering waterfowl.

3) To determine the relation between habitat variables (e.g., vegetation cover
and density, water depth) and waterfowl use of the site.

4) To assess the impacts of grazing and recreation activities on wintering
waterfowl populations.

5) To develop a comprehensive consenration plan for freshwater wetlands of
Morocco.

SCOPE: Coastal freshwater wetlands of Morocco are important in contributing to biodiversity. They are,
however, extremely vulnerable natural habitats. The few remaining freshwater wetlands are used exte,nsively
by the human populations surrounding them, as well as by thp migratory waterforvl which use these sites as
wintering areas.

Virtually nothing is known about the use of freshwater wetlands by wintering waterfowl as well as
the extent of various human activities. The proposed study will determine seasonal habitat use of freshrryater
wetlands by wintering waterfowl. Physical, chemical, and biological variables of selected habitars will be
identified. The impact of diverse human activities on wetland resourcps and functions will be eveluated.
The above information is important to developing an overall comprehensive consenation strategy that would
ensure sustainable and multiple use of freshwater wetlands resources of Morocco.

PROJECT STATUS: At present, efforts are being concentrated on obtaining funds for the project.

WILDLIFE RESOURCF^S . MIGRATORY BIRDS:

TOWARDS AN AVIAN INDEX OF BIOTIC INTEGRITY FOR LAKES

Investigator:

Advisors:

Cooperators/
Projea
Suppott:

A. Moors

R. B. Owen, Jr., Co-chairperson
R. J. O'Connor, Cochairperson
J. R. Moring

U.S. Environmental Protection Age,ncy
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Objeaives: l) Examine the possibility of using birds as an index of biotic integrity on
selected lakes in New England.

2) Examine bird distribution in relation !o shoreline hsbitet.
3) Identify disturbance factors related !o reduced bird species richness or

alterd species composition on degraded lakes.

SCOPE: Birds can be excellent bioindicators, as demonstrated by eggshell thinning in relation to pesticide
contamination. Research on avian bioindicators of water quality has previously focused on waterfowl. How
water quality affects the total bird community (terrestrial and aqrutic species) is poorly knonm. Because
both water quality and bird prese,nce are related to the vegetation zurrormding a water body, the avifauna
may provide an economic way of monitoring its health. This project investigates whether censusing the
local bird communities can provide zufficiently sccurale and precise assessment of the quality of individual
lakes to allow their use as r€sponse indicators within the U.S. EPA's Environmental Monitoring and
Assassmenl Program (EMAP).

PROJECT STAZLIS.' All requirements for the degree of Master of Science (in Wildlife Menagement) were
completed in May 1993. An abstract of the thesis follows:

Research on avian bioindicators of water quality has previously focused on waterfowl. How water
quality affects the entire bird community (terrestrial and aquatic species) is poorly known. The avifauna of a
lake may provide an economic way of monitoring its health because both water quality and bird presence ar"
related to the vegetation zurrounding a water body. I investigated whether surveys of lake bird commrmitie.s
can provide a zufficiently accurate assessment of the quality of individual lakes to allow their use as response
indicators within the USEPA Environmental Monitoring and Assessment Progran (EMAP).

Twenty lakes chosen by EMAP staff to reflect environmental gradients across New England were
surveye<l in 1991. Bird and habitat distribution were recorded between June I and July 3 and the resulting
bird metrics were compared to the amount of human disturbance on the shoreline and to water chemistry
measurements. Five avian indicators that were correlated with the extent of lake degradation were developed
lrom the l99l data. One indicator was based on species richness, one on the number of individuals, and
fbur were based on guilds.

These indicators were tested on data from 26 lakes surveyed during June 1992. These lakes were
part of a probability sample of surface waters drawn from lakes on the EMAP grid and were located in New
England, New York, and New Jersey. The species richness indicator did not work as well as expected, in
part because the tast sample included a disproportionate number of large cold-water lakes that were under-
represented in the l99l sample. The four other indicators and one based on the factor score coefficients
from a principal components analysis on the 1991 data were able to rank lakes according to disturbance and
water chemistry measurements.

Investigator:

Advisors:

Cttoperators/
Pnlea
Suppon:

BIRDS OF MAINE'S PEATLANDS

S. S. Stockwell

M. L. Hunter, Jr., Chairperson
R. B. Davis
W. E. Glanz
J. R. I-ongcore

Maine Department of Inland Fisheries md Wildlife
Signal Fuels, lnc.'
Maine Chapter of The Nature Conservancy
Maine I-and Use Regulation Commission
Maine Department of Environmental Protection
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1) Identify those species of birds thst inhabit Maine's peatlands.
2) Quantify the abundences ofeach species relative to peatland vegetation

and hydrology.
3) Determine whether large, commercially valuable peatlands differ in their

'value" to wildlife from smaller, non.comrrlercially valuable peatlands.
4) Determine which of five environmental faclors (foliage height diversity,

area of peatland, peatland-foliage height diversity, tlpe of peatland, and
peatland vegetation diversity) are iryortant in influencing bird species
composition, bird species richness, and bird density in peatlands.

SCOPE: Peatlands are one of the last lBpsining rmdisturbed ecosystems in the Northeast. Thus, the state
of Maine has an unusual opportunity to develop a comprehensive plan for conserving Maine's peatlands.
However, before this project was initiated, no sunreys of the wildlife in Maine's peatlands h8d be€n
conducted. Before issuing mining permis or establishing peatland preserves, the state needs to know what
bird species depend on peatlands for their continued zundval, if any, and whether certain species are
restricted to particular t)pes or sizes of peatlands.

This study relates the abundances and distributions of birds in eight Maine peatlands to peatland
vegetation, size, and geomorphology.

PROJECT STATUS: Birds were censused in eight Maine peatlands of varying types and sizes during May
and June of 1984. Eight distinct vegetation types occurred in the peatlands. A variable-width transect
method was used to census birds and estimate densities from a modified Emlen method and the Fourier
Series Estimator in program TRANSECT.

During the two-year study, 104 bird specias were identified. Bird specias richness ranged from 48
to 8 | per peatland and from 46 ta 76 per vegebtion type. Overall bird density ranged from 4 to 1 I birds
per ha in each peatland, and from 3 to 19 birds per ha in each vegetation type. Densities ofeach species in
each peatland and vegetation type were highly variable, and most species were abundant in only a few types
of vegetation. Densities ranged from I to 160 birds per 40 ha, with the comrnon yellowthroat being the
most abundant species in 5 of 8 peatlands and 4 of 8 vegetation types.

Foliage height diversity (FHD, vertical heteroge,neity of vegetation) was the best predictor of bird
species composition (BSC), bird species richness (BISR), bird species diversily (BSD), and bird d€nsiry (BD)
in eight types of peatland vegetation. As foliage height diversity increased, bird species composition
changed, species richness increased, species diversity increasod, and density increased.

Neither type nor size of a peatland affected species composition, richness, diversity, or bird de,nsity
in a predictable pattem. Bird species richness in eight peatlinds was best related to the interacting variables
of peatland-FHD and PVD. Thus, horizontal heterogeneity of vegetation seems to be as, or more, important
than vertical vegetation structure in influencing BSR and BD in peatlands. The high number of species
recorded in peatlands relative to other habitae lends zupport to the hypothesis that patchiness, rather than
foliage height diversity, is most important in influencing bird diversity.

FUTURE PLANS: Revise and complete thesis.

Inre.stigator:

Advisors:

HABITAT USE BY BLACK DUCKS AND MALLARDS
ON MISSISQUOI NATIONAL WILDLIFE REFUGE

C. G. Kitchens

J. R. longcore (Field Advisor)
R. B. Owen, Jr., Chairperson
W. E. Glanz



Cooperators/
Project
Suppon:

Objeaive:
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U.S. Fish and Wildlife Service
University of Maine

To evaluale the use/iryortance of managed wetlands by radio-narked black ducks
at Missisquoi National wildlife Refuge during hunting and non-hrmting periods.

D. H. Kusnierz

R. B. Owen, Jr., Chairperson
W. B. Krohn
W. E. Glanz
F. P. Kehoe, Ex-Officio

North American Wildlife Foundation -
Delta Waterfowl and Wetlands Researsh Station

New Brunswick Department of Natural Resource.s and Energy

SCOPE: During the fall staging periods of 1990 and 1991, a sarnple of hatching-year female (n:35) and
male (n:35) black ducks and hatching-year female (n=40) nsllards were equip@ with radio-transmitters
to determine the importance of the refuge impoundments and associated wetlands to these waterfowl during
non-hunting and hunting periods.

PROJECT STATUS: The field work was completed in December 1991. Data analyses and preparation of
the thesis is underway. Key findings were that disturbance from hunting affected use of UatitaL ty
waterfowl. Effects of disturbance were based on 608 exact locations in l99O and 1,738 locations in 1991.
In 1990 Palustrine emergent wetlands (PE!V) were used in proportion to availability by marked black ducks
and mallards only during the before-hunting interval, but in greater proportion during the hunting and after-
hunting periods. The lacustrine emergent wetlands Gfw; (where considerable hunting activity occurred)
were used in proportion only by male black ducks. In 1991 with the larger sample disproportional use was
more evident, wherein PEW habitats were used in greater proportion than available by all marked ducks
during all intervals. For Palustrine scrub shrub (PSS) habitats, they were used in proportion by all marked
ducks in all intervals. LEW habitats were used disproportionally more during the closure between the split
hunting seasons by all -eroups of marked ducks, suggesting that ducks moved back into habitats as hunting
ceased. Furthermore. for the l99l data, habitats where hunting was not allowed were used by all narked
ducks for all intervals in greater proportion than aveilable. Conversely, habitats where hunting was allowed
were used less than their availability by all groups of marked ducks in all intervals. Mean size of home
range decreased for black ducks when hunting teg*, but increased slightly for rnarked mallards. In
contrast. mean size of home range increased zubstantially for black ducla during the after-hunting intenal,
but decreased for marked mallards. Maximum straight-line distances flown by marked ducks decreased
during hunting and increased after hunting, again suggesting that hrmting activities substantially affected
habitats used by staging waterfowl.

FUTURE PI-4NS: The thesis will be completed by December 1993.

BREEDING ECOLOGY OF GREATER SCAUP
IN THE SAINT JOHN RIVER VALLEY, NEW BRUNSWICK

Investigator:

Adrisors:

Cooperators/
Projea
Suppon:
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1) Determine the effects of nest markers on nesting success of Grealer scaup.
2) Identi9 habiat characteristics of nest sites selected by female Greater

scaup.
3) Document incubation rhythms of Greater scaup nesting among colonier

larids.
4) Determine food habits and habitat use ofjuvenile Greater scaup.

SCOPE: U. S. Fish and Wildlife Service s:urveys indicate that scaup breeding populations 8re at 8n all+ime
low, yet the breeding biology of Greater scaup in North America still lsm4ins unstudied. The vast majority
(75%) of nesting occurs in remote areas of Alaska; however, an islmd nesting colony was discovered in
1984 within a traditional spring-fall staging area of the Saint John River, New Bnmswick, Canada. This
broad-base study attempts to determine what requirements are neoessary to successfulty establish a breeding
colony of Greater scaup. The study will provide the first indepth insight into the nest site habitet selection,
incubation behavior, and juve,nile feeding ecology and habitat use of Greater scaup in North America.

PROJECT STATUS: All data have been collected. Habitat characteristics, including soil moisture,
vegetative cover, species and height, and distance to water, edge ofoover were measured at 167 nests and
246 random sites. The same variables were measured four times in l99l at 25 nest sites from the previous
year. These measurements will be used to follow temporal changes in habitat at nests and backdate
characteristics to time of nest initiation. Behavior during incubation was monitored at 12 nests.
Observations were made from a blind to examine scaup-gull interactions when broods dispersed from the
islands. Surveys from fixed wing aircraft and boats were conducted to identi$ habitats used by broods.
Habitats were sampled to quantify physical characteristics ihcluding water depth, foods available and
vegetation types. In addition, 18 juveniles were collected to identify foods conzumed. Food items were
analyznd to determine energy and protein conte,nt.

Data analysis is nearly complete and thesis preparation is undenvay. The first two chapters have
been drafted and two more are planned.

FUTURE PLANS: Complete thesis.

ECOLOGY OF THE DOUBLE-CRESTED CORMORANT IN THE PENOBSCOT
RIVER ECOSYSTEM WITH EMPHASIS ON SMOLT PREDATION

Investigator:

Advisors:

Cooperators/
Projea
Support:

Ohjeaives:

B. F. Blackwell

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

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

Maine Department of Inland Fisheries and Wildlife
Maine Atlantic Sea-Run Salmon Counnission

l) Monitor movements of radio-tagged cormrasts to deternine distmce.s
between roosting and foraging areas, time of roost departurc and
return, and foraging locations relative to smolt migration.

2) Quantiry seasonal variation in cormorant food habits during spring and
sutnnrer.
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3) Estimate the number of cormorant days of predation before, during, and
after the migrarion of Atlantic salmon smolts tbrough the ecosystem.

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

SCOPE: Populations of double-crested cormorants (Phalacorcorax auritw) increased in size and distribution
during the past 30 years across the United States and southern Canada, most likely responding to protection
afforded by amendments to the Migratory Bird Treaty Act and reduction in DDT coniemination. With this
increase has come the perception of cormorants competing with humans for fish. Potential loss of
commercial and sport fisheries to cormorants is a growing concem in Maine, particularly given the multi-
million dollar efforts by federal, state, and private organizations to r€store the Atlantic salmon (Satmo
salar).

Measures to control double-crested cormorants have been considered in Maine. However, control
programs c8n prove to be counterproductive by increasing the proportion of young birds attaining breeding
status, and possible shifting of breeders to other areas. Further, control programs implemented without
accurate prediction or quantification of the effects ofpredation on individual prey species cannot bejustified.

One means of estimating the biomass of prey removed from a system by cormorants is direct
sampling of food habits via collection of stomach samples. By comparison of food habits dala relative io
time and feeding location with estimates of cormorant days of predation, qnsntities of prey species conzumed
can be estimated.

PROJECT STAITIS.' The 1993 field season complemented oelrsus and collection efforts that began n Lggz.
In addition, cormorants were monitored at dams to determine numbers present at intervals and how these
areas are used.

Counts of cormorants werp made every l0 days from the air (to determine feeding locations) and at
night roosts (to estimate total numbers) from early April through late June, 1993. Cenzus data are being
analyznd, but immediate indications are that cormorant numbers were fewer than in 1992. Further, peak
numbers on the Penobscot River occurred in late May and early June, later than b lgg2. Weather
conditions and river flow rate from April through June witl be examined as possible factors affecting
cormorant errival and dispersal along the Penobscot. Again, adult cormorants arrived before zubadults and
contributed to the in-river predation on Atlantic salmon smolts.

Cormorant use of dams as foraging and loafing areas was discovered during the 1992 aerial
censuses. During the 1993 smolt run observations points were established at four dams 3ad behavioral data
taken during census periods. Cormorant use of dams during 1993 is, as was discovered in lgg2,
disproportionate with use of free-flowing sections. The.se data are being analyzed for type and intensity of
use by cormorants of dams and areas around dams.

To examine variation in diet with location and time, 149 cormorants were shot along the Penobscot
River. Stomach contents data of cormorants killed at dams will be compared to those data from cormorants
collected on free-flowing sections of the Penobscot. Also, prey iterns regurgitated by nestling connorants
were collected on nine island breeding colonies in Penobscot Bay during July. Analysis of food samples is
ongoing and will be completed this spring. An updated research protocol for 1994 will be submitted to the
graduate committee and cooperators for comments and discussion.

FUTURE PUINS: The third and final field season will begin in April 1994. Again, speciel emphasis will
be placed on estimating cormorant days of predation at dams relative to specific river segments. However,
radio-telemetry will be used to obtain individual behavior patterns and docume,lrt movements of cormorants
during the smolt migration. As in the previous field seasons, aerial surveys will provide a mesns of
comparing predation pressure at specific points on the Penobscot River as well as the changes in cormorant
use of the system with the approach of the breeding season.
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Investigator:

Advisors:

AVIAN BIOINDICATOR DYNAMICS

S. J. Oyler

R. J. O'Connor, Chairperson
M. L. Hunter, Jr.
W. E. Glanz

U. S. Environmental Protection AgencyCooperators/
Projea
Suppan:

Objeaives: l) Evaluate the applicability of the Taylor Power l-aw concept to the North
Americen avifauna.

2) Map bird diversity and develop indices of biodiversity and commrmity
structure to land use patterns on the basis of Major I and Resource Area
(MLRA) classification.

(3) Examine the effects of short-term change in land use on bioindicators.
(4) Determine the relative effects of yearly variation in weather conditions

and agriculnrral chenges on bioindicators.

SCOPE: EPA's Environmental Monitoring and Assessment Program (EMAP) sssurnes chmges in the
abundance of bioindicators correspond directly to changes in environmental condition such as landscape
pattern, habitat structure, or land use practices. Thus, eny fluctuation in biodiversity or other environmentel
indicator is assumed by EPA to be caused by some change in environmeirtal condition. Because intrinsic
dynamical variability in biodiversity and ecological indicator values may not be srnell compared to the
changes brought about by alterations in the environment, this investigslisn ex,mines how bird diversity and
ecological indicators are affected by undedying pattem of dynamics in bird abrmdance. These patterns are
being determined both from empirical data from national bird and land use databases already collated in the
Wildlife Department and from theoretical models of population processes. These underlying pattenrs of
variation in bird abundance will be related to land-use patterns within the coterminous United States to aid
the future interpretation of EMAP results.

PROJECT STAT(JS: The applicability of Taylor Power Law was evaluated for the distribution of bird
species within the cotenninous United States. This analysis confinned that the variance of each species'
abundance varied predictably over space and time as predicted by Taylor Power [-aw. Computer simulations
were used to determine the probabilities of observing certain combinations of Taylor Power I:w parameters,
thus providing a theoretical basis for the assessment of the patterns present in the empirical data.

FUTURE PLIINS: Target date for project completion in December 1993.

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

LANDSCAPES IN NORTHERN MAINE

Investigator: L. J. Boobar
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Cooperarcrs/
Project
Suppon:

Objeaiws:

Advisors: K. E. Gibbs, Chairperson
J. R. Longcore (Field Advisor)
R. B. Davis
W. A. Halteman
R. B. Owen, Jr.

U. S. Fish and Wildlife Senice
University of Maine

l) Determine if macroinvertebrate diversity is different among
waterfowl brood-rearing wetlands in two landscapes (forested and
agricultural) in northera Maine.

2) Relate invertebrate diversity and productivity to wetland water
chemistry, periphyton production, vegetation structur€, and wetland
morphology.

(3) Evaluate the suitability of incorporating these data in a Geographic
Information System.

SCOPE: During the field seasons of 1993-1996 selected wetlands in each landscape will be sarryrled for
macroinvertebrates using several techniques (cylinder sampler, activity traps, sweep nets). Data on
invertebrates will be related to wetland features, including water chemistry and chlorophyll-a. Hypothesas
of differences in variables between forested and agricultural landscapes wilt be tested.

PROJECT STATUS: The study was initiated in April 1993. About 30 wetlands werp selected in the
agricultural landscape and 15 in the forested landscape. I:ndowner permission to construct elevated
platforms from which to observe female ducks with broods was obtained. At the same tine, 14 wetlands (7
in each landscape) were randomly selected for invertebrate samFling. Sampling with activity traps was
c<rnducted on ?5'27 May, 15-16 June, and 6-7 July. On these latter two dates, one wetland (Moore Brook
Flowage) was sampled by two additional methods, a cylinder sampler and a sweep net. On 23-26 luly, all
ponds were sampled with a sweep net, and one pond (Ginn Brook Flowage) was also sampled at that time
with a cylinder sampler and a sweep net for frrrther evaluation of techniques. Additional ixperiments to
evaluate tbe sensitivity of the activity traps to capture certain taxa (dragonfly larva, water bugs) were
conducted in aquaria or field enclosures. All invertebrates from activity traps have been sorted and l/3
identified. Arrangeme,nts have been made for a specialist to veri$ identifications of the Corixidae and
negotiations are underway with other collaborators for veriSing identifications of other taxe. In early July,
water samples were obtained from all ponds sampled for invertebrates and most of those ponds harboring
waterfowl broods.

FUTURE PLIINS: Samples will be sorted and data evaluated to guide the sampling for next year. The
graduate student will pursue his academic program during the semester.

NATIONAL PATTERNS OF BIRD ABUNDANCE AND DIVERSITY

Raymond J. O'Connor
Malcolm T. Jones

Investigators:



Cooperators/
Projea
Suppon:
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U. S. Environme,nt lhotection Agency
Environmental l:boratory, Corvallis, OR

U.S. Forest Service
Forestry Sciences laboratory, Corvallis, OR
Pacific Northwest Region, Portland, OR

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

1) Develop a database of avian specias distribution compatible with the
EMAP hexagon grid fron 1990 Breeding Bird Survey deta and develop
maps of avian species richness.

2) Evaluate the effects of scale on the correlations betrveen bird and AVHRR
land classification distributions.

S. Hills

J. R. Gilbert, Chairperson
W. E. Glanz
W. A. Hdtenan
M. L. Hrmter, Jr.
W. B. Krohn

U.S. Fish and Wildlife Service -
R-8, AFWRC

Objecrives:

SCOPE: Patterns of species richness are poorly understood and programs such as Gap Analysis can prove to
be costly. This study will evaluate the correlations of avian distribution and richness with land cover
characteristics derived fiom AVHRR satellite imagery. AVHRR data, when combined with existing species
distribution data (e.g.., Breeding Bird Survey), may prove to be a cost-effective method of evaluating
changes in species richness over time. Additionally, by varying the number of land cover classes we will
study the effects of scale on the correlations betweeir species distributions and land cover classes.

PROJECT STATUS: In addition to our existing database of Breeding Bird Survey (BBS) data, we have
obtained the AVHRr land cover characteristics for the coterminous Unitd Stsles. Preliminary enfllyss
evaluating methodologies for interpolating the BBS data to adjacent EMAP hexagons are ongoing. Oak
Ridge National I-aboratory, Environmen0al Sciences Division, is preparing an ffrqlysis of landscape metrics
using the land cover characteristics derived from the AVHRR satellite imagery.

FUTURE PLANS: Develop models of bird distributions using BBS data and land cover characteristics from
the AVHRR data. Develop maps of avian richness for the coterminous United States frorn the resulting
individual species distribution maps. Evaluate the effects of altering the coarseness of land cover
designations on the correlations with bird species distribution. Final project report will be zubmitted in
August 1994.

WILDLIFE RESOI]RCES. OTIIER TIIAN MIGRATORY BIRDS:

THE EFFECT OF SPATIAL AND TEMPORAL VARIABILITY ON
POPULATION ASSESSMENT OF PACIFIC WALRUS$

Inr'stigators:

Advisors:

Cooperatars/
Project
Suppott:



&
Objedives: l) Techniques development and eveluation:

a) Adapt existing salellite teleretry technology to walrus, including
packaging, sensorr, and sttachment procedures.

b) Develop imnobilization techniques for walrus on pack ice.
2') Determine the effect of behavioral pattems of walruses (herd composition,

distribution, Eovem€nts, and behevior) on the existing population
estimates.

3) Deternine the distribution and movements of walruses relative to pack ice
distribution, bathymetry, and other environnental perameten.

4) Evaluate he past censuses of walruses in relation to the distribution
information collected on objectives 2 md 3.

SCOPE: Existing walrus population estimates fail to account for herd composition, movement, distribution,
and behavioral patterns. Sampling effort is shared by the U.S. and the U.S.S.R., and population estimates
are attempted once every five years. Sampling effort currently lacks coordination and design and, therefore,
lacks credibility; results are limited to determining overall population trend. Adaptation and implementation
of available satellite telemetry techniques to walrus will potentially address the majority of the problems
associated with current estimates, and thus help to provide a more reliable da&a base for management.

PROJECT STATUS: All requirements for the Ph.D. degree (in Wildlife) were completed in Decemb€r 1992.
The abstract follows:

To estimate the proportion of the Pacific walrus (Odobenus rosmltrus divergens) population not seen
during aerial surveys, satellite-linked transmitters (Platform Transmitter Terminals (PTT*j acquired data o,n
the movements and behavior of individual walruses. Pacific walnrses were immobilized for sttachm€,nt of
PTTs. Four immobilizing drugs and 4 delivery systems tested; etorphine delivered by a COr-powered dart
gun was most effective. The performance of the 27 PTTs deployed was analyzed. Location accuracy was
insufficient to know whether a walrus was hauled out or in the nearby water. Both location and saltwater
switch sensor information were needed to determine haulout pattems.

Terrestrial haulouts ar usually at traditionally-used sites, so variability in the counts of walruses is
primarily temporal. The proportion of the population hauled out was estimated from PTTs on individual
walruses. The presence of wslruses with PTTs (n = 9) on the haulout beaches of Bristol Bay in 1990 was
positively correlated with the number of walruses hauled out. Environmental variables explained little of the
variation in the number of walruses hauled out. Ge,nerally, rising barometric prcssure for the previous 14
da, low wind speed, increasing rate of change of the tide, and wind direction that put the haulout in the lee
were associated with larger numbers of walruses on the haulout.

The number of walruses hauled out on ice is estimated from aerial surveys. Habitat variables (i.e.,
water depth, bottom type, ice cover, and water mass type) on which the survey area could be stratified were
examined in relation to presence or absence of walruses. Walruses were unlikely to be found hauled out
(rver water deeper than 60 m, or in areas covered by ?18-818 ice. Some reduction in variance of estirutes
from future surveys may be possible if the-survey area were stratified on the basis of water depth. Post-
survey stratification based on ice cover might help reduce variance if the proportion of the entire survey area
in various ice cover categories were known.

The number of zurveys needed to detect a trend in population numbers of Pacific walrusas with
different risks of Type f and Type II errors was calculated. Estimates from the curr€nt suruey methods had
large variances and the time to detect a trend would be too long for meaningful menegement decisions.
With the variance due to the proportion of the population not counted added, the number of zurveys needed
was increased. Aerial surveys with methods currently available will not yield sufficiently precise and
accurate population estimates for managernent goals.
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Investigator:

Advisors:

Cooperators/
Project
Suppon:

Objectives:

A SURVEY OF BEAR HI]NTERS IN MAINE:
DO HUNTER CHARACTERISTICS AFFECT

OPINIONS REGARDING HUNTING REGIJLATIONS?

R. M. Muller-El Hamzaoui

J. A. Sherburne, Co4hairp€rson
K. J. Boyle, Co-Chairperson
J. R. Gilbert

Maine Department of Inland Fisheries and Wildlife
Office of International Programs, U of M

l) Design a survey to address the following issues:
a) Bear hunting effort and success rates by hunting method and WMU.
b) Bear hunter etti$des about past and current bear hunting policies.
c) Hunter interest and effort in providing input on bear hunting issues to

MDIFW.
2) Evaluate hunter attitudes about past and current bear hrmting policies, and

interest and effort in providing input on bear hunting issues to MDIFW.

SCOPE: Black bear hunting as a controlled and regulatedhunt in Maine began in the 1930s. Since l93l
the bear harvest season has fluctuated widely from year-long seasons froml942-1965, to a five nonth
season, to a split season between the spring and the fall months, to the curre,nt three nonth seiNlion, which is
restricted by law.

Throughout this time, most of the data concerning the status of the bear population in the state of
Maine have been gathered via harvest data. Very little data have actually been collected on the numbers of
hunters purzuing bear, their hunting effort, and their success rates. This past yeer, 1990, was the first year
that a special bear hunting permit was required in order to better evaluate bear humting effort and success
rates in the state of Maine.

MDIFW is interested in the preparation of a bear hunter survey which cr" be administered on g
yearly basis in order to provide them with accurate inforrnation concerning hunting effort and success ratqs
by various hunting methods and in the different Wildlife fyfanagement Units.

PROJECT STAIUS; All requirements for the degree of Master of Wildlife Conservation were completed in
May 1993. An abstract of the report follows:

The field of wildlife management requires that professionals have information in two key areas.
One component is biological and ecological information on populations and habitat conditions. The second
is evaluations of the resource users' expectations and conc€rns.

In recent years, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has implemented
several changes in bear hunting regulations to counter a steady increase in the harvest of Maine's black
bears. These include changes during the 1980s and a number of mqjor changes starting with the 1990 hrmt.

After the 1990 hunt, resident and nonresident hmters of Maine' black bear were zurveyed with
regard to their opinions on past (since 1980), curr€Nrt (1990) and proposed hunting regulations. Results of
this study reveal that certain hunter characteristics are rnore likely to influe,nce a hunter's opinion about
regulations than others.

Pre-198O hunting experience was one characteristic which significantly influenced hunters' opinions
about past hunting regulations. Those with prior experience also did not sgree with past changes. Prior
hunting experience also influenced some responses to current and proposed regulations, but was not es
pronounced as with past regulations. Success during the 1990 bear hrmt did not influence hunters' opinions
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about policies. The method ofhunting used by a hunter, such as around natural food sources, over setbail,
or with hounds, had a significant influence on how they reacted !o both current and proposed regulations
which affected their hunting method.

An open-ended section of the survey asked hunters to explain why they rated hunting regulations as
they had. This information gives the runager insight into what factual information or ideas the bear hunter
has about Maine's black bear population and why they approve or disap'prove of certain past and proposed
hunting regulations. Since bear hunting regulations have changed substantially since 1980, this type of
information gives managers an idea of how past changes were received by the hunters and what type of
response they c€n exp€ct from the various huter gloups on proposed regulation changes.

POPULATION ECOLOGY OF FEMALE BLACK BEARS IN MAINE

Investigator:

Aclvisors:

C. R. Mcl,aughlin

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

Maine Department of Inland Fisheries and WildlifeCooperators/
Projea
Support:

Objeaives: l) Describe the survival, fecrmdity, and population densities of female black
bears living in MDIFW study areas from 1982-1990.

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

SCOPE: The black bear has evolved into an important trophy big-game qpecies in Maine, with considerable
public interest in the welfare of the resource. Since 1985 Maine Department of Inland Fisheries and
Wildlife's (MDIFW) bear management goal has been to maintain 1985 levels of bear distribution and
abundance (21,000 bean).

Increasing harvest pressure and changing habitat conditions necessitale careful monitoring of the
State's bear population to meet management objectives. Greater knowledge of population dynamics is
needed to reliably assess impacts of management actions and habitat alterations on the bear resourpe.

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

These relationships will be investigated using a computer model based upon parameter estimates
from field data. The model sho-uld improve prediction of population responses le m:rnags11611t actions and
habitat changes. It may also enhance MDIFW's ability to monitor the Stale's bear population. Model
construction and testing will include extensive sensitivity analysis, which should provide insight into the type
of data needed, and required precision in data collections for reliable monitoring of population p8rametem.
The model should also become a vehicle for developing and testing statewide population monitoring
techniques. Observed changes in population status of bears living within MDIFW study areas will provide a
basis for evaluating harvest-related monitoring tecbniques. The model could be used to further test the
sensitivity of new monitoring techniques over a wide range of population conditions.
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PRA.IECT STAT{.IS: Sun'rival and reproduction data have bee,n anzlyzrd'. Several prelininary computer
models have been constructed in QuickBasic. Each succeeding model included additional components; the
current model describes the life history of female bears in considerable detail. The model is a fuslie matrix
design' and accommodates variation in zurvival during 2 periods (pre-hunting aeason and hrmting season),
fluctuating age of first reproduction, and variation in froqueircy of verious-sized litters, litter ser ratios, and
litter production. Density dependent survival of subadults is assumed to be the principal factor regulating
population growth in the absence of harvest. Sensitivity analysis h"s begun io evaluate changes inmodei
output with changing parameter values, and indicate needed precision of input d8ta. S€nsitivity analysis will
continue, utilizing large numbers of simulation runs with progressive alterations of parameter values.
Comparisons of simulation results should identiff and quantiff the model's sensitivity to variation in
paramet€r values. Additional complexity (i.e., stochastic effects and behavioral influences) will be
incorporated into the model structure, with progressive se,nsitivity analysis as appropriate.

FUTURE PLIINS: Sensitivity should also help identify mini6u6 acceptable saryling intensities for
population Parameters. After the model is refined using Spectacle Pond data, it will be tasted by starting
with data collected on the Bradford study area in central Maine. Comparisons 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 (northcentral Maine) can be utilized for further testing.

RELATIONSHIP OF BEAVER MANAGEMENT AND WATERFOWL PRODUCTION
IN SOUTHCENTRAL MAINE

Investigator:

Advisors:

Cooperarcrs/
Projea
Support:

T. C. McCall

R. B. Owen, Jr., Chairperson
D. J. Harrison
W. B. Ikohn
W. A. Halteman
J. R. Longcore
P. O. Corr, Ex-Officio
K. D. Elowe, Ex-Officio

Mclntire-Stennis
Hirundo Wildlife Trust
Maine Cooperative Fish and Wildlife Research Unit
Maine Department of Inland Fisheries and Wildlife
Maine Trappers Association
National Rifle Association
Penobscot County Conservation Association

Objectives: Deterrnine the yeady response of the density of beaver on an area op€Nr to
recreational beaver trapping and sn area recently closed to trapping.
Compare the number of wetlands and surface area of water on both aress.
Compare the area of lifeforms of habitat for walerfowl on both areas.
Compare the annual response in the density of breeding pairs of selected
waterfowl species on both areas.

SCOPE: Beaver are one of the prirnary agents influencing wetland creation md dynamics in North America.
Furthermore, beaver flowages have been terngnrzrd for years as high quelity habitat for waterfowl and many
other wildlife species. However, it is unclear how beaver trapping influences beaver de,nsities, wetland

l)

2)
3)
4)
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dynamics, and waterfowl densities. This study is designed to provide data for Nsttff mmagemeirt of beaver
to ( I ) ensure maximum waterfowl and other wildlife habitrt, (2) ensure a sustainsble beaver harvest, (3)
minimize impact of beaver damage, and (a) Drrimize aesthetic eirjoyment of wildlife for the public.

One I I I km2 area in south-central Maine was closed &o beaver trapping for 4 yeare beginning in
1989, whereas a similar area remained open to trapping. Each October from 1988-92, the de,nsity of active
beaver colonies was determined on both areas from fixed-wing airsraft. On the trapped area, trappers were
interviewed annually to determine the harvest of beaver. Each May the number and sizes of wetlands and
the lifeforms of habitat associated with each of the 270 wetlands was determined using aerial photos. From
July-September 1989-92 each wetland was visited to verify 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 darn and
the water level. From April-May 1989-92, ground counts of breeding pain of selected waterfowl species
were c<rmpared on each area.

PROJECT STAZUS: Field work has been completed, data analyzed, and the thesis successfutly defended.
Final thesis and manuscripts are forthcoming.

REPRODUCTIVE BIOLOGY OF CAPTIVE FISHERS

Investigator:

Aclvisors:

Cooperators/
Projea
Suppon:

Objeaives:

H. C. Frost

B. Krohn, Chairperson
J. Harrison
R. Wallace
C. Gibbs
D. Elowe

Maine Department of lnland Fisheries and Wildlife
Maine Cooperative Fish and Wildlife Research Unit

1) Evaluate placental scars and memnlae size for estimating the percentage
of brceding-age fernales raising /ormg.

2) Document male and female reproductive cycles by: A) monitoring levels
of reproductive hormones; B) documenting the estrous cycle and
implantation dates of females and; C) monitoring testes size, sperm
viability, and baculum development in males.

3) Document growth and developnent of embryos and kits in captivity.

w.
D.
c.
H.
K.

SCOPE: Most information on fisher reproduction came from fur farms before 1930. Betweeir 1950 and
1970 several investigatom studied fisher reproduction, primarily from data collected from carcasses of
trapper caught animals. Common reproductive indices for fisher are counts of corpora lutea, blastocysts, and
placental scars. Recently, the Maine Cooperative Fish end Wildlife Research Unit documented the
reproductive biology of fishers using radio-telemetry. These studies indicate that counts of corpora lutea and
blastocysts overestimate the number of young born. However, the proportion of adult females with place,ntal
scars was similar to the proportion of females denning and raising young in the wild. The use of placental
scars has been questioned because of the reliability of observing them on the uterus and deterrrining how
long they remain visible. The validity of using placental scsrs and marnrnae size as estimates for
determining how many females give birth will be investigated. In addition, the male and'female
reproductive cycles will be documented along with the growth and developme,nt of embryos and young.
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PROJECT STATUS: Fourteen animals (3 meles, ll feoales) were capnred and brought into captivity
during the fall of 1992, for fall of 1992, for a toial of 72 fishers handled during the study (41 witd-caught
and 3l captive-brn). Blood was collectod for hormone profiles bimonthty fron 23 animals during the 1993
breeding season. Mammae measurements, vaginal srnears, end vulva measurem€nts were tahen weekly from
females during the breeding season. Semen was collected weekly from males by electroejaculation betwee1r
January and June to determine the peak of sexual activity. Two lillers were born during the spring 1993 and
growth measureme,lrts were taken until August. As of October 1993, all fishers were released or given to
zoos or wildlife game facilities.

FUTURE PUINS: All the data have been collected. Data enalysis has be$m. Target date for project
completion is December 1993.

ECOLOGY OF SPRUCE GROUSE IN ACADIA NATIONAL PARK
AND ON MOUNT DESERT ISLAND

Investigator:

Advisors:

Cooperators/
Projea
Suppon:

Objeuives:

S. D. Whitcomb

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

National Park Service -
Acadia National Park

(l) Identiff potential habitat patchas occupied by breeding spnrce grouse in
Acadia National Park and on Mount Desert Island.

(2) Determine the minimum breeding population of spruce grouse in Acadia
National Park and on Mount De.sert Island.

(3) Determine habitat t1pe.s selected by diqpersing juvenile spnrce grouse, and
dascribe dispersal movem€Nrts.

SCOPE: Spruce grouse were believed to be extirpated on Mount Desert Island in the late 1800s but a
breeding population currently exists. However, little is known about the population or its long tern
viability. Spruce grouse breeding habitat is predominsntly lowland conifEr cover. This q)ver gpe h*c g
highfy fragmented distribution on the island and occupies cr.ly 3% of the island's are8. Therefore, the
potential breeding habitat for spruce grouse is limited, and dispersal ofjuveniles benvee,n widely separated'
patches of breeding habitat may be important for maintaining a viable population on Mount Dasert Island.

PROJECT STATUS: Areas of potential habitat have been identified from cover maps, and surveys of spruce
grouse abundance were completed in spring 1992 and 1993. Female spruce grouse were equipped with radio
transmitters and monitored during nesting and brood rearing in 1992 and 1993 to determine nesting sucoess
and productivity. In August-Docember 1992,9 juvenile spruce grouse were equipped with radio transmitters
and nr,onitored during dispersal to detennine habitat use.

FUTVRE PL/INS: Analysis of data is completed snd a final report to cooperators is being produced. M.S.
thesis completion anticipated in December 1993.
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Investigator:

Advisors:

Cooperanrs/
Projea
Suppon:

Objectives:

INTERACTIONS OF WHITE-TAILED DEER AND COYOTES ON
MOIJNT DESERT ISLAND, MAINE

S. L. Glass

D. J. Harrison
A. F. O'Connell
J. R. cilben
K. D. Elowe
W. E. Glanz

National Park Service-
Acadia National Park

Department of Wildlife, U of M

l) Estimate cause-specific mortality rates for radio-collared female white-
tailed deer on Mount Desert Island.

2) Assess patterns of spatial overlap among coyotes and white-tailed deer
social groups to determine whether coyotes influe,nce available habitat for
deer in Acadia National Park.

3) Using mortality rates estimated via objective #l and a stochastic
simulation model, to sssess the effect of various causes of mortality on
population dynamics of deer in Acadia Nationel part.

4) Compare social structure of coyole family groups on Mount Desert Island
with mainland coyotes in eastern Maine.

SCOPE: Deer populations in many eastern National Parks have been increasing to the extent that vegetation
and species composition are showing significant negative effects. Acadia National Park (ANP) is an
exception; since 1968 no evidence of widespread overbrowsing has been documented. Recent shrdies
suggest that deer populations have declined in ANp since 1980.

. Coyotes colonized Mount Desert Island (MDI) in the early 1980s and are potentially a signifieant
predator on deer on MDI. Studies of food habits suggest that the use of deer by coyotes is high relative to
mainland areas. In addition to direct predation, spatial interactions between coyotes and deer may
potentially affect deer populations.

We plan to investigate cause-specific mortality of deer, assess patterns of movement and spatial
overlap between coyotes and deer, examine the social structure of coyotes on MDI, and develop 

" 
ito"h"sti"

simulation model for deer on MDL

PRQJECT STAITIS: Field work was initiated in August 1991. Thirty-nine coyotes (24 females, 15 rnoles)
tiom 6 different family groups have been captured and equipped with transmitters. Seve,nteen adult deer (12
females, 5 males) have also been equipped with transmitters. Relocations have been obtained l-3 times per
week. Mortality sources documented for deer on MDI have heen coyotes, drowning, domestic dogs, and
vehicles,

FUTURE PI]INS: Coyote and deer trapping will continue through April 1994. Relocations will be obtained
through summer 1994 on all radioed animals. Daa analysis will begin during June 1994, with an expected
date of project completion of May 1995.



SPATIAL CHARACTERISTICS AND DISPERSAL OF AN IJNEXPLOITED POPTJLATION
OF MARTENS IN A FOREST PRESERVE

47

D. M. Phillips

D. J. Harrison, Chairperso'n
W. B. Krohn
K. D. Elowe
W. A. Halternan

Mclntire-Stennis
Maine Department of Inland Fisheries and Wildlife
Department of Wildlife, U of M
Baxter State Park
Hirundo Wildlife Trust
Penobscot County Conservation Association

l) Compare spatial characteristics of an unexploited mlrten population with a
recently studied population in an area characterized by extensive timber
harvesting and intensive happing.

2) Document the exle,nt of home range fidelity for martens across seasons
and years.

3) Document characteristics of dispersal in an unexploited population of
martens.

Irrvestigator:

Arlvisors:

Cooperators/
Projea
Suppon:

Objeaives:

SCOPE: Martens (Manes americana) are commonly considered habitat specialists and indicator species of
mature coniferous forest. The species is also vulnerable to overexploitation by trsppers. Since 1986,
population indices have shown a declining trend in the number of marte,lrs in Maine, which suggests that the
species' numbers may have been affected by recent exte,nsive clearcutting and liberal trapping regulations.
Most studies of martens have involved exploited populations and/or study areas under intensive forest
management. A comparison of spatial characteristics of two populations of martens in areas characterized by
different disturbance regimes may reveal differences in the qualily of habitat for the specias.

As a rosult, our goal is to document spatial characteristics (eg. home range size and indices to home
range size, seasonal and annual horne range shift, spatial overlap of hore mges) of martens in a 6O km2
area of Baxter State Park, and compare them with the results of a rece,ntly coryleted study in an areg
characterized by extensive timber harvesting and intensive trapping. Withh the Bexter population, we will
tqst for differences across s€asons and across years in home range size and indices to home range size. We
will also tqst for differences across seasons and across years in the positions ofhore ranges on the
landscape, and in the degree of spatial overlap of home ranges. We will then compare the two populations
of martens by testing for differences between summer home range sizes, and between indices to homo range
sizp. The extent of territoriality will be compared by testing for differences in overlap of home ranges
between the two populations.

Recent timber harvesting has caused habitat fragmentation, and has incregsed the network of roads
that pr<rvide accsss to martens by trappers. The affect of these nnn4turNl obstacles on the ability of martens
to disperse long distances is unclear. Baxter State Park may be serving as a refugia, supplying a sustefured

annual harvest of martens in the adjacent comrnercial forestland. Our goal is document characteristics of
dispersal (eg. timing, distance, directionality) for an unexploited population of msrtens in e forested
preserve, and to identify natural and human generated barriers to dispersal. We will test for differences in
the proportion of martens moving outside the park with the proportion renaining inside the park. We will
also test for differences in directionality of dispersal movements from protected and rmprotected areas. \Me
hypothasize that poorer quality habitat with decreased social pressure outside the park will result in non-
random patterns of dispersal.
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PROJECT STATUS: Since October 1990,97 martexrs have been equipped with radiocollars in the Baxter
study area. Over 3,500 relocations were obtainod by livetrapping, ground and aerial 0elemetry, and rvrlk-in
obsenations. Sufhcient data are available to document spatial characteristics for 36 resident adult ( > I
year) martens (21m,15D from the population in Baxter State Park. Comparisons will be made with 28
re.sident adult martens (14m,14f) from the study area adjacent to the park. Dispersal characteristics will be
'analyznrJ with data from twenty-nine nonresident martens (l2m,l7f).

FUTURE PLANS: Ground and aerial monitoring of radio-collared rnartens will continue until February
1994. The expected date of project completion is August 1994.

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

Investigator:

Advisors:

Cooperuors/
Projecr
Support:

Objedives:

L. A. Joyal

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

Davis Conservation Foundation
Maine Department of Inland Fish and Wildlife
Maine Audubon Societv
University of Maine

l) Estimate population size; density; and sex, size, and sge structure.
2) Characterize home ranges and terrestrial rnovemerts, and determine if

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

habitat use by hatchling turtles.
4) Characterize wetlands and upland areas used by each species and

determine if certain 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 present population status of
each species is poorly known. Nevertheless, known populations of Blanding's and spotted turtles occur
primarily in York County, where the human population is rapidly growing. lncreased development
associated with human growth has resulted in the frlling of many wetlands and possibly the pollution of
others. Development may also fragment habitat and cause turtle populations to become isolated and face a

-qreater risk of local extinction. Wetlands less than ten acres, commonly used by both species, are not
protected through existing state legislation. Habitat inforrution is needed in order to implemeirt hlbitat
protection measures through the Maine Endangered Species Act and Natural Resources Protection Act.

PROJECT SIATUS: The second and last field season is nearly completed. Wetland surveys were done in a
second study ares as well as repeated in the original shrdy area. Radio-transmitlers were again placed on
turtles of both specias to determine movements and habitat use. These turtles are still being monitored
periodically until hibemation when the transmitters will be removed. Nests will be dug up in October to
determine clutch sizes and hatching success. Efforts to determine movements and habitat use of hatchlings
wcro unsuccessful due to inclement weather. Data analysis is in progress.
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FUTURE PLANS: Finish analyzing dara and complele thasis.

HABITAT SELECTION BY MARTENS IN A FOREST PRESERVE
AND INFLUENCE OF FRAGMENTATION ON MARTENS

IN NORTHERN MAINE

Investigator:

Advisors:

Cooperntors/
Projea
Suppon:

Objeaives:

T. Chapin

D. J. Harrison, Cbairperson
W. B. Krohn
S. A. Sader

K. D. Elowe

Mclntire-Stennis
Maine Department of Inland Fisheries and Wildlife
National Council of the Paper lndustry for Air and Stream Improveme,nt

l) Deterrnine seasonal habitat selection by martens in an untrapped, forested
preserYe.

2) Determine the relationships among characteristics of forest fragmernts and
use intensity by martens in a heavily timber-harvested area.

3) Determine characteristics of habitat that influe,nce home range size.
4) Compare hebitet selection by martens in a continuous, untrapped forest

and in an intensively trap@ and timber-harvested area.

SCOPE: Some of the highest densities of martens recorded occur in Baxler State Park (BSP), an area of
continuous forest with an abundance of mature hardwoods (beech, birch, and 'n4ple). This association seerns
contrary to the habitat associations that have been developed for martens, based primarily on studies in the
western United States. Some eastern studies have reported selection for conifer habitats, but sample sizes
have been too small for widespread application of results. Hebitat qrulity for marte,ns seems to be related to
the amount of coarse woody debris (CWD) on the forest floor. If the amount of CWD is not related to
cover type, ass€ssment of habitat selection based on cover types alone may be nisleading. Therefore, in the
west, where softwood forests have more CWD than hardwoods (aspen), cover-t)pe selection probably
reflerts marten habitat associations. In the east, however; the relationship between cover type and CWD
may not be so distinct. To better understand the habiat associations of marteirs in the east, I will assess
seasonal habitat selection by martens at two spatial scales: l) use of habitats in the home range relative to
habitat availability in the home range, and 2) proportions of habitats in home range relative to availability of
habitats on the landscape. I will measure CWD to develop a relationship betweeir CWD and cover type and
evaluate the findings of cover type selection.

It is well documented that clearcutting negatively influences habitat quality for martens. The
specific characteristics of clearcuts that affect rnartelrs is not well documented. Katnik (19Ft2) docume,nted a
negative edge effect in summer-autumn on a study area in northern Maine characterized by intensive trapping
and timber harvesting. Martens in forested habiiats were farther from e forest-nonforest edge than expected,
and martens in open areas werie closer to the edge than expected. Other rasearchers have documentd that in
winter, marten tracks in clearcuts are straighter and more direct than in forested habitats, indicating that
martens rnay venture into cuts but do not forage in them. I will relate spatial charecteristics of forest
patches, such as size, shape, and distance to another forest stand, to the use inte,nsity of those patches by
martens. I will also relate spatial characteristics ofhabitat, such as proportion ofclearcuts or ecotones in
home range, with size of home range, to help identi$ the effects of forest hanesting pattems on use of
habitats by martens.



50

PROJECT STATUS: To date, 3,397 radio locations ofjuvenile, transient, and resident martens have been
collected in the BSP study area. Aerial photographs of the study area (approximately 50 kn) have been
purchased, and photo interpretation is being contracted to a private consultant. The habitat classification
scheme is as follows: softwoods, hardwoods, softrvood-dominatd mixed, and hardwooddominated mixed
stands will be delineated, as will be spruce bogs, cedar swamps, alder thickets, open wetland (beaver flows,
marshes), and camps and gravel pits. Spruce budworm kills will also be delineated separately, and will be
characterized by the species composition of the remaining trees, and percent closure and height of residual
cover.

Habitat and relocation data from Katnik's study have been converted to ARCIINFO, a polygon-
basecl Geographic Information System and are ready for analyses. Ktbik (lgg2) collected 1944 radio
locations on juve,niles, transients, and 28 nonjuvenile reside,nts.

FUTURE PLANS: Analyses of fragmentation effects in the treatment study area (timber f,srvesting md
trapping) will be performed in fall 1993. Habitat selection analyses in the BSP srudy area will begin in
winter 1994. Project completion is expected by December 1994.

MORTALITY OF WHITE-TAILED DEER FAWNS AND RELATIVE SNOWSHOE
HARE ABUNDANCE ON MT. DRSERT ISLAND, MAINE

Investigator:

Advisors:

Cooperators/
Projea
Suppon:

Objeaives:

R. A. Long

D. J. Harrison, Co-Chairperson
A. F. O'Connell, Jr., Co-Chairperson
J. R. Gilbert

U.S. National Park Service
Acadia National Park
Department of Wildlife, U of M

1) Document cause specific rnortality rates of white-tailed deer faqrns on Mt.
Desert Island (MDI), Maine.

2) Estimate the relative abundance of snowshoe hare on MDI and compare
this with a population fro.m the mqinland.

SCOPE: Studias of utilization of key browse species by white-tailed deer (Odocoileus virginianus) in l98O
and 1990 on Mt. Desert Island, Maine concluded that deer populations were stable or had declined over this
period. MDI is closed to all deer hunting and the study's findings sre conhary to trends seen in other non-
hunted Eastern populations where deer numbers have increased in rasponse to the sbs€Nrce or reduction of
predators- In some cases deer densities are at the point where they are negatively affecring natural plant
communities and deer malnourishment is occurring. This is not the caae on MDI where studies have shorpn
no over-utilization of vegetation and a physicdly healthy deer population. In the mid-1980's a study was
begun to examine cause-specific mortality rates of adult deer and also to invastigate deer/coyote interactions
on MDI. To augme,lrt this study, a companion study was initiated to look qpecifically at cause specific rates
of fawn mortality on MDI utilizing radio-telemetry techniques.

In addition, previous studies of food habits of Eastem coyotes (Canis latrans) on MDI suggest I
fower use of snowshoe hare (I*pus arnericanus) than on the adjacent mninland. Therefore, the relationship
between hare density and understory density will be evaluated as an index to the abundance of hares on MDI
to determine if the lower use is related to a lower availability. Additionatly, pa.tteras of relative mowshoe
hare abundance and use by coyotes will be comFared benveen MDI and a previous shrdy on the mainland in
hopes of gaining some insight into factors affecting the social behsvior of coyotes.
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PROJECT STATUS: We radio-collar€d 16 fawns during June and July of 1992-1993 and located each daily
until the collar was lost or death occurred. Analysas are not yet complele, however, a wide range of
mortality factors have been observed including automobiles, predation by wild canids and domestic dogs,
orphaning, and drowning. Snowshoe hare pellets have been removed from 1200 pellet plots and understory
stems counted on 24O vegetation plots in an effort to describe the relationship between snowshoe hare
density and understory density on MDI. This relationship, combined with previously conducted understory
stem counts covering much of the island, will be used to compare the relative abundance of hares on MDI to
the adiacent mainland.

FUTURE PLtlNS: Winter trapping and radio-collaring of doe.s will continue in early 1994 in hopes of
increasing the number of fawns we will capture during the last field season in Summer 1994. Hare pellets
will be counted and removed from the estabtished plots in May 1994 and again in S€ptember 1994,
reflecting winter and zummer hare numbers in various habitats. The estimated date of project completion is
May 1995.

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

Inve.stigator:

Aclvisors:

s. S. Ditchkoff

Servello
Elowe
Stokes

F. A.
K. D.
M. R.

Cooperators/
Projea
Support:

Objeaives: 1) Compare the nutritional status of deer in northern and central Maine
during winter.

2) Compare the nutritional status of deer in smell and large wintering areas
in northern Maine during winter.

3) Compare relative availability of high quality forage, including litterfall,
for deer in harvested and nnharyested softwood stands during winter.

SCOPE: Deer wintering areas are critical !o the survival of deer during winter in Maine, and therefore it is
important that these areas be protected and managed to provide optinal deer winter habitat. By using urine
analysis techniques to evaluate the nutritional condition of deer as winter progr€sses, it may be possible to
gain insight into the quality of particular wintering areas. This technique has only recently been developed
and has had limitd testing in field sihrations. Thus the ultimate goal of this portion of the study is to
evaluate urine analysis techniques for use in the state of Maine.

Previous research suggests that deer may not be able to zubsist solely on hardwood browse during
winter. They may require high quality forages such as lichens and litterfail. Yet, typical deer wintering
area management prescribes cutting in wintering areas to increase the amount of available hardwood browse,
thus possibly reducing litterfall and lichen availability.

PROJECT STATUS: Urine samples were collected bimonthly from deer populations in l0 wintering areas
during January-March 1993. Samples are being analyzed for urea nitrogen, potassium, sodium, phosphorus,
and calcium to determine population nutritional condition.

Mclntire-Stennis
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FUruRE PLANS: During the winter of 1994, a study of forage availability, iacluding litterfall, will be
conductod on harvested and unharvested spruce-fir stands in deer wintering areas.

POPULATION TRENDS AND HABITAT USE OF HARBOR SEAIS ALONG THE
MAINE COAST

Investigator:

Advisors:

Cooperators/
Project
Support:

Objeaives:

M. K. Kenney

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

National Marine Fisheries Service
Maine Department of Environmeirtal Protection
Maine Department of Inland Fisherie.s and Wildlife
Department of Wildlife, U of M

l) Estimate population size of eastem Atlantic harbor seals on Maine's coast
and compare with the 1982 and 1986 population surveys.

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

SCOPE: Small sections of the coast of Maine have been surveyed for harbor seals since l97l. Two
complete censuses of Maine's coasial ledges were conducted in 1981 and 1986 indicating an increase in the
population. Most harbor seal pups are born north of the New Hampshire lMaine border during late May
and early June at sheltered sites. By August, the pups have diqpersed while adults egglegete 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 season, replicating the l98l and 1986 June zurveys. Both this June
survey and an August survey will provide information on habitat use and changes in distribution during
these annual periods of stress.

PROJECT STAZUS.' Survey flights covering the islands and ledges coast of Maine between the Isle of
Shoals and the Canadian border were completed during the pupping season in June, 1993 and during the
molt in August, 1993. Counts from the June survey have been entered into the database and a report is
being completed for NMFS by December 1993. Slides from the August survey are in the process of being
counted.

FUTURE PI]INS: l-edge and island characteristics such as size and substrate will be compiled into the
database from Nationd Oceanic and Atmospheric Administration charts, National Wetland Inve,ntory maps,
and slides. Analysis will include comparisons between pupping and molting sites and sites which renain
unused.
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streams in Vermont and New Hampshire. Master of Science thesis, University of Maine, Orono.
l@pp.

MOORS, A.K. 1993. Towards an avian index of biotic integrity for lakes. Mas0er of Science thesis,
University of Maine, Orono. l99pp.

MULLER-EL HAMZOUI, R.M. 1993. A survey of bear hunters in Meine: do hunter cbaracteristics affect
opinions regarding hunting regulations? Final report, Master of Wildlife Conservation, University
of Maine, Orono. I l8pp.
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SPRUCE, J.P. 1993. L:ndsat TM data for mapping migrant landbird habitat in southern Belize. Master of
Science thesis, University of Maine, Orono. l2lpp.

vAN DEN ENDE, O. 1993. Predation on Atlantic salmon smolts (Salmo salar)by smallmouth bass
(Micropterus dolomieu) and chain pickerel (Esox niger) in the Penobscot River, Maine. Master of
Science thesis, University of Maine, Orono. 95pp.

VANDERPOOL, A.M. 1992. Doumstream mortality of Atlantic salmon smolts in the Penobscot River,
Maine. Master of Science thesis, University of Maine, Orono. 60pp.

VERA, C.J. 1993. Effects of landspreading pulp and paper mill sludge in Maine forestland on wildlife
populations. Master of Science thesis, University of Maine, Orono. 59pp.

V|CKERY, P. 1993. Habitat selection of grassland birds in Maine. Ph.D. Dissertation, University of
Maine, Orono. l24pp.

WHITMAN' A.A. 1992. Frugivory and seed dispersal of fleshy fruiting plants in a northem temperate
forest. Master of Science thesis, University of Maine, Orono. 2l4pp.

PROFESSIONAL TALKS PRESENTED

BOONE' R.B.' and M.L. HUNTER, JR. "The use of individual-based models to examine landscape
permeability." Conservation in Working I-andscapes 20th Annual Natural Areas Conference,
Orono, ME, March 23,1993.

BOONE, R.B', and w.B. KROHN 'An analysis of biodiversity in Maine: GIS assessment of terrestrial
vertebrate diversity. " Poster presentation to the annual meeting of the Northeastern Society of
American Foresters and the Maine Chapter of The Wildlife Society, April20, 1993.

CARTWRIGHT' M.A. "Movements of displaced largemouth bass (Micropterus Salmoides)in two central
Maine lakes". Annual Meeting of the Atlantic lntemational Chapter, American Fisheries Society,
Rangeley, ME, September 20, 1993.

CHILELLI''}t1., J.R. GILBERT, and A. O'CONNELL. 'Population viability analyses of native mammals
in Acadia Natiorral Park, Maine. " 49th Annual Northeast Fish and Wildliie Confere,nce, Atlantic
City, NJ, April 18-21, 1993.

COLE, M.B' Narrated a video on smallmouth bass at the Annual Meeting of the Atlantic lntemational
Chapter, American Fisheries Society, Rangeley, ME, September 19, 1993.

DE MAYNADIER, P., and M.L. HUNTER, JR. 'The role of keystone ecosystems in landscape ecology."
The Natural Areas conference, university of Maine, orono, June 1993.

ELLIOTT, C.A' Chaired session entitled 'Enhancing wildlife habitat through forest manageme,nt" at
Nurturing the Northeastern Forest: A Confere,nce on Stewardship in a Chmging Culture, portland,
ME, March 3-5, 1993.

ELLIOTI, C.A. 'The Coverts Project in Maine - Progress Ret'ort.' Paper presented at the Coverts
Regional Symposium, Grafton, VT, May 6, lgg3.



\

I

I

,57
EscHHoLz, w.8., K.s. RAYMoND, F.A. SERVELLo, Lo o.".GRIFFITH. 'Effects of glyphosate

us€ on winter habitat and nutritiond ecology of no4se in Maine.' Poster presented st the 49th
Northeast Fish and wildlife conference, Atlantic ci[y, NJ, April 19-22, 1993.

GRAY, P.B., and F.A. SERVELLO. 1993. 'Relationship of diet digastible €nergy to food intake in white-
tailed deer: Implications for assessing winter food availability.' Poster preseNlted at the 49th Annual
Northeast Fish and Wildlife Conference, Atlantic City, NJ, Apil 19-22, 1993.

HARRISON, D.J. "Interactions among marten populations, forest harvesting and research: a review of
ongoing research." National Council of the Paper lndustry for Air and Stream Lnprovement,
Greenville, ME, October 6,1992.

HARRISON, D.J., D.D. KATNIK, and K.D. ELOWE. 'Habitat selection by martens: landrcape
implications for a forest specialist." Nurturing the Northeastern Forest: A Conference on
Stewardship in a Changing Culture, Portland, ME, March 3-5, 1993.

HARRISON, D.J. "A landscape level approach to habitat quality assessment: a case study with American
martens.' Paper presented at Workshop on Methodology for Deriving Quantitative Definitions of
Forest Wildlife Habitat, New Brunswick Department of Natural Resources and Energy, Fredericton,
March 15. 1993.

HARRISON, D.J. 'Habitat selection by wide-ranging carnivores: at what scale should we measure?"
Department of Wildlife Seminar, University of Maine, Orono, May 3, 1993.

HARRISON, D.J. "A landscape approach for assessing habitat relationships of forest camivores. " Paper
given at the Intemational Union of Game Biologists XXI Congrass - Forests and Wildlife, Halifax,
Nova Scotia, August 19, 1993.

HARTLEB, C.F. 'The eff-ects of a thermocline and light gradients on the feeding behavior of pumpkinseed
sunfish (Lepomis gibbosus)." University of New Hampshire Seminar Series, Durham, NH,
November 18, 1992.

HIGGINS, J.C., F.A. SERVELLO, and A.F. O'CONNELL. 'Population and habitat of flying squirrels in
Acadia National Park, Maine." Poster presented at the 49th Northeast Fish and Wildlife Conf.,
Atlantic city, NJ, Apil 19-22, lgg3.

HODGMAN, T.P., D.J. HARRISON, D.D. KATNIK, and K.D. ELOWE. 'Sunsival of martens rmder
intense trapping pressure in Maine.' Poster presentation at the International Union of Game
Biologists XXI Con-eress - Forests and Wildlife, Halifax, Nova Scotia, August 19, 1993.

HUNTER, M.L., JR. 'Forest diversity in time and space.' USDA Forest Service, Clemson University,
SC, September 25, 1992.

HUNTER, M.L., JR. .'Biodiversity and forest nanagement.' Bureau of lndian Affairs, Bongor, ME,
October 16, 1992,

HUNTER, M.L., JR. 'New forestry in New England." Joint conference of Society of American Foresters
and The Wildlife Society, Portland, ME, March 3, 1993.

HUNTER, M.L., JR. "A triad approach to land use allocation.' Resourcqs Nepal Forum, Kathmandu,
Nepal, April2, 1993.



5E

HUNTER, M.L., JR. 'kssons for conservation from paleoecology.' Bowdoin College Biology
Department Seminar, Brunswick, ME, April 29, 1993.

HUNTER, M.L., JR. 'Biodiversity inventories with volunteers: the Maine Amphibian and Reptile Atlas
Project." Society for Conservation Biology C;onfereirce, Phoeirix, AZ, Jtme 10, t993.

HUNTER, M.L., JR. 'Biodiversity in the marine realm.' Darling Marine Center, V/alpole, ME, June 15,
1993.

HUNTER, M.L., JR. "Biological divenity in managed forests.' Natural Areas Conference, University of
Maine, Orono, June 23, 1993.

HUNTER' M.L., JR. 'The effects of forest fragme, tation on the distribution and movement of birds."
International Union of Game Biologists Congrass, Halifax, Nova Scotia, August 16-18, 1993.

HUNTER' M.L., JR. "The biological landscape.' Creating a forestry for the 2lst century, Portland,
Oregon, August 24, 1993.

JONES' M.T., and R.J. O'CONNOR. "I-and use patterns and population fluctuations of North American
landbirds.' Annual meeting of the American Society of Zoologists, Vancouver, British Columbia,
December 30, 1992.

JONES' M-T. "Spatio-temporal patterns of avian species richne.ss in New England. " Conservation in
Working landscapes, 20th annual Natural Areas Conference, University of Maine, Orono, Jwte 22-
26. 1993.

KATNIK, D.D.., D.J. HARRISON, and T.P. HODGMAN. "I-andscape-and stand-level habitat selection
by American rnartens on commercial forestland in Maine.' Paper presentation at the lnternational
Union of Game Biologists XXI Congress - Forests and Wildlife, Halifax, Nova Scotia, August 19,
1993.

KROHN' w.B., R. ALLEN, J. MORING, and A. HUTCHINSON. 'Double-crested cormorants in New
England: Population and management histories." Slide presentation at the Conference on Biology
and Management of the Double-crested Cormorant. University of Mississippi, Oxford, Octobei t+-
17, 1992.

KROHN' W'8., R.B' BOONE, and K.D. ELOWE. 'Relations among fishers, mow, and marteNrs:
development and evaluation of two hypotheses." Slide prasentation at the International Union of
Game Biologists XXI Congress - Forests and Wildlife, Halifax, Nova.Scotia, August 19, 1993.

McCALL, T., T.P. HODGMAN, and R.B. OWEN, JR. 'Dynamics of beaver populations in relation to
wetlands and waterfowl in south-central Meine.' Poster presentntion given at Nurturing the
Northeastern Forest: A Conference on Stewardship in a Changing Culture, Portland, ME, March 3-
5, 1993.

McCALL' T., T.P. HODGMAN, and R.B. OWEN, JR. "Dynamics of beaver populations in relation to
wetlands and waterfowl in south-central Maine. " Northeast Fish and Wildlife Confere,nce, Atlantic
City, NJ, April 19-22, 1993.

MoORs' A. 'Birds as an index of biotic integrity of lake.s in New England.' Northeast Wildlife Graduate
Student Conference, February 5-7, 199i.
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MOREAU, D.A., and J.R. MORING. 'A hebitat zuitability index model for holding pools of adult
Atlantic salmon." Annual Meeting of the Atlantic lnternational Chapter, Anericsn Fisheries
Society, St€regoire, Quebec, September 27, lgg2,.

MORING, J.R., and P.H. NICHOLSON. "Attraction of fishes to artificial hbitat in a Maine pond.' lgg3
Northeast Fish and Wildlife Conference, Atlantic City, NJ, April 19, 1993.

MORING, J.R. 'Seasonal changes in environmental conditions and fish communities in wo Maine
tidepools.' Annual Meeting of the American Society of Ichthyologists end Herpetologists, Austin,
TX, May 30, 1993.

MORING, J.R. 'Angling effort in strearns stocked with catchable-size rainbow trout: effects on catch rates
and catches of wild salmonids." Annual Meeting of the American Fisheries Society, Portland, OR,
August 29, 1993.

O'CONNOR, R.J. "An ecological perspective of avian pesticide field studies.' Avian radio telemetry in
support of pesticide field studies - a Pellston Workshop sponsored by the Society for Environmentat
Toxicology and Chemistry, Asilomar, CA, January 6-8, 1993.

OWEN, R.8., JR. "lntroduction to Maine and the University." Conservation in Working l:ndscapes, 2oth
annual Natural Areas Conference, University of Maine, Orono, June22-26, 1993.

OYLER, S.J. "Conservation strategies and reserve designs for rare plants.' Conservation in Working
l-andscapes, 20th annual Natural Areas Conference, University of Maine, Orono, June22-26, 19!3.

SERVELLO, F., W. ESCHHOLZ, and K. RAYMOND. "Herbiciding for sofnvood rplease: enhancing
moose habitat." Joint conference of Society of American Foresters and The Wildtife Society,
Portland, ME, March 3, 1993.

SERVELLO, F., W. ESCHHOLZ, and K. RAYMOND. L993. "Softrvood release with herbicides:
Enhancing moose habitat?' Joint conference of Society of American Foresters and The Wildlife
Society, Portland, ME, March 3, 1993.

VERA, C.J., F.A. SERVELLO, and J.SHEEHAN. "Effects of landspreading pulp and paper mill sludge in
Maine forestland on wildlife populations. " Poster presented at the 49th Northeast Fish and Wildlife
Conference, Atlantic City, NJ, Apil 19-22, 1993.

VERA, C.J., F.A. SERVELLO, and J. SHEEHAN. "Effects of landspreading pulp and paper mill sludge
in Maine forestland on wildlife populations. " Poster presented at Joint conference of Society of
American Foresters and The Wildlife Society, Portland, ME, March 3, 1993.

VICKERY, P. "Habitat and area requirements of grassland birds in Maine.' Grasshopper Sparrow
Workshop, Avon Park Air Force Base, Avon Park, FL., March lI, 1993.

VICKERY, P., and S. MELVIN. 'Area and habitat requirements of grassland birds in Maine." Workshop
on Regionally Threatened Grassland Birds of New England and l,ong Island, Massachusetts
Audubon Society, S. Natick, MA, February 26,1993.

WHITCOMB, S.D. "Population ecology of spruce grouse on Mount Desert Island, Maine.' Northeast
Wildlife Graduate Student Conference, Durham, NH, February 5-7, 1993.
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WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. 'Population ecology of spruce grouse on
Mount Desert Island, Maine.' Northeastern Fish and Wildlife Conference, Atlantic City, NJ, April
t9-22, 1993.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. 'Population ecology of spruce grouse on
Mount Desert Island, Maine.' Seve,nth annual meeting of Society for Conservation Biology,
Tempe, AZ, Jvne 9-13, 1993.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. "Population ecology of spruce grouse on
Mount Desert Island, Maine.' Poster prasented at the Natural Areas Conference, University of
Maine, Orono, June 23, 1993.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. 'Patch occupancy and fall dispersal of
spruce grouse. " Seventh annual meeting of Society for Conservation Biology, Tempe, AZ, June 9-
13, 1993.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. 'Population ecology of spruce grouse on
Mount Desert Island, Maine.' Poster presented at Joint conference of Society of American
Foresters and The Wildlife Society, Portland, ME, March 3, lgg3.

WHITCOMB, S.D., F.A. SERVELLO, and A.F. O'CONNELL. "Population ecology of spruce grouse on
Mount Desert Island, Maine. " Poster presentod at the 49th Northeast Fish and Wildlife
Conference, Atlantic City, NJ, Apil 19-22, 1993.

PUBLIC TALKS PRESENTED

BLACKWELL, B. "Ecology of the double*rested cormorant in the Penobscot River ecosystem. " Veazie
Salmon Club, Veazie, ME, November 18, 1992.

BLACKWELL, B. "Ecology of the doublecested cormorant in the Penobscot River ecosystem - with
emphasis on predation of Atlantic salmon smolts. " Progress r€port presented to the Technical
Advisory Committee of the Maine Atlantic Sea-Run Salmon Commission, Augusta, ME, January
2t, t993.

BLACKWELL, B. "Ecology of the double-crested cormirant in the Penobscot River ecosystem.' Holbrook
Island Sanctuary, Maine Dept. of conservation, S. Brockwille, ME, July ll, 1993.

BOONE, R.B. "Common birds of the Pacific Northwest.' Talk given to Danebo Grade School Third
Grade Class, Eugene, OR, May ll, 1993.

BOONE, R.B. 'Simulating gizAy bear movements through Trail Creek watershed, Montana, using
diffusion models." Department of Wildlife, University of Maine, Orono, September 27,lgg3.

CARTWRIGHT, M.A. "Movements of displaced largemouth bass.' Zoology Department Coltoquium
seminar, University of Maine, September ?5, l9gZ.

CARTWRIGHT, M.A. 'Movements of displaced largemouth bass.' Meeting of the Maine Department of
Inland Fisheries and Wildlife, Fish Division, Orono, ME, February ll, lgg3.
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CHAPIN' T.' R.B. BOONE, and T.P. HODGMAN. "Wildlife research: defining habitat needs of Maine's
pine marten." Maine Scholars'Days, Orono, ME, May 19, 1993.

CHILELLI' M. 'Population viability analysis of birds.' Department of Wildlife, University sf l![nine,
Orono, April 5, 1993.

ELLIOTT' C.A. "The Coverts Project in Maine." Slide talk preseirted to the Pe,nobscot County
Conservation Association, Brewer, ME, Nov. S, lgg2.

ELLIOTT' c.A. 'Wild about wildlife." Two l-hour sessions presented at the workshop Expanding your
Horizons in Science and Mathematics, sponsored by the University of Maine Cooperetive Extension
and held at the University of Maine, Orono, ME, March 9, 1993.

ELLIOTT, C.A. 'Careers in wildlife biology and mansgement.' Slide talk presented to 4-H members,
leaders, and parents attending 4-H Day at the University of Maine, Orono, ME, April 3, lgg3.

ELLIOTI , C.A. "4-H Earth Connections Workshop.' Three-hour workshop presented to students at the
College of the Atlantic, Bar Harbor, ME, April 13, 1993.

ELLIOTI, C.A. "Careers in wildlife biology and managsmert." Four one-hour talks presented at the
Searsport Middle School Career Day, Searsport, ME, May 14, 1993.

ELLIOTT' C.A. 'Project WILD Workshop.' Six-hour workshop presented to participants in the Orono
Mathematics and Science Summer Academy, University of Maine, Orono, July 6, 1993.

ELLIOTI' C.A. "The Coverts Project in Maine Workshop." Threeday workshop to train Coverts Project
Cooperators, conducted at Tanglewood 4-H Camp, Lincolnville, ME, August 26-29, lgg3.

ELLIOTI, C.A. "Dead and dying woody nuterial: its importance to wildlife.' Half-hour presentation to
students at John Bapst High School, Bangor, ME, September 8, 1993.

ELLIOTT, C.A. 'Ecology, wildlife biology, and wildlife menagement.' Four-hour slide talk and field
session with participants at the University of Maine Cooperative Extension Forestry C-amp,
Tanglewood 4-H Camp, Lincolnville, ME, September 15, 1993.

ELLIOTI, C.A. "Ecosystems and wildlife habitat.' Three l-hour presentations to students in Grades 4{
participating in the First Annual Beacon Math/Science Camp, Houlton High School, September 22,
1993.

ELLIOTI, C.A. "Wildlife in your woodlot." Slide talk presented at the Common Ground Fair, Winslow,
ME, September ?5, 1993.

ELLIOTT, C.A. 'Project WILD and 4-H Earth Co,nnections Workshop.' Six-hour for Coverts
Project Cooperators and other educators, Tanglewood 4-H Camp, Lincolnville, ME, September 26,
t993.

GLASS, S.L. "Coyote and deer research on Mount Desert [sland.' Lions Club, Bar Harbor, ME, March
10.1993.

GLASS, S.L. "Coyote and deer research on Mount Desert Island." Town Hill Volunteer Fire Department,
Town Hill, ME, April 10, 1993.
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GLASS, S.L. 'Coyote and deer research on Mount Desert Island.' Acadia Nationel Park Administrative
Staff, Acadia National Park, ME, April 15, 1993.

GLASS, S.L. "l:rge anirnal capture and imnobilization.' University of Maine Wildlife Summer Camp,
Acadia National Park, ME, May 14,1993.

GLASS, S.L. "Coyote and deer research on Mount Desert Island.' Tenth grade science class, Mount
Desert Island High School, ME, May 2L, 1993.

GLASS, S.L. "Coyote and deer research on Mount Desert Island." Rotary Club, Bar Harbor, ME, August
4, t993.

GLASS, S.L. Interview with Channel 7 News on coyote and deer research on Mount Desert Island, Bangor,
ME, September 16,1993.

HARRISON, D.J. lnterviewed November l, 1992 by Associated Press for articles on coyotes in Maine that
appeared in Portsmouth Herald, Sundav Sun-Journal (I-ewiston), Maine Sundav Telegram, Portland
Press Herald during November 1992.

HARRISON, D.J' Interviewed with Wayne Reilly of Baneor Dailv News for feature article on wildlife
conservation in Maine's forests. The article entitled 'Balancing act in the woods: Is Maine's
spotted owl the pine marten?" appeared lll2ll92 in the Maine Weekend, Bangor Dailv News.

HARRISON, D.J. Interview with Milton Gross of Ellsworth Arrerican for an article on predator-prey
research conducted by u of M at Acadia National park, December l,lggz.

HARRISON, D.J. 'The pine marten in Maine: could it be the next spotted owl?" Pe,nobscot Chapter of the
Maine Audubon Society, Brewer, February 5, 1993.

HARRISON, D'J., D.M. PHILLIPS, and T. CHAPIN. Sponsored a 'Media Day' and held a press
conferences to discuss ongoing research with Arnerican martens. This rezulted in news coverage on
4 television networks, 3 newspapers, and several radio stations. September l, !993.

HARRISON, D.J., and S. GLASS. Television interview and filming of activities related to studies of
white+ailed deer and coyote populations in Acadia National park, Channel 7 (Bangor) on September
16, 1993.

HARRISON, D.J. Conducted interviews with Maine Supdav Teleeram, Portland Press Herald, I*wiston
Sun-Journal, Providence Journal, and Associated P;ess i"g"tai"g the occunence of wolves in
Maine, the identification of a recent wolf-like canid shot in northern Maine, and research at
University of Maine on suitability of habitats in northern Maine to support wolves.

HARRISON, D.J. Interviewed with Portland Press Herald for article on stahrs of recently established
coyote populations in southern Maine and with Baneor Dailv News on coyotedeer intemctions.

HARRISON, D.J. "The role and effectiveness of predator control to enhance game populations. " Spring
meeting of Maine Chapter of The Wildlife Sociery, Brewer.

HARRISON, D.J. Served on a panel debating issues associated with restoring wolf populations to Maine.
Sponsored by the Srudent Chapter and Maine Chapter of The Wildlife Society, April 5, 1993.
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HARTLEB, C. "The effects of a thermocline and light gradients on the foeding behavior of pumpkinseed
sunfish (l*pomis gibbosus)." 7-nlogy Department Colloquium seminar, University of Maine,
November 13, 1992.

HOCKETT, K. "Response of Atlantic salmon fry to bird predators."
seminar, University of Maine, Orono, March 26, 1993.

HODGMAN, T.P. "Western rangelands." Talk given to WLM 200,
December 2, 1992.

Tnology Department Colloquium

Ecology, University of Maine, Orono,

HODGMAN, T.P. 'Summer jobs and graduale school in wildlife msnngement.' Talk given to University
of Maine, Student Chapter of The Wildlife Society, University of Maine, Orono, November l l,
1992.

HODGMAN, T.P. "A wildlife management career." Talkgiven to science class at Weatherbee Middle
School, Hampden, ME, February 10, 1993.

HODGMAN, T.P. 'Herbivore food habits analysis." Talk and demonstration given to WLM 450, Wildlife
Habitat Relationships, University of Maine, Orono, October 5 and 6, 1992.

HODGMAN' T.P. 'Principles of range managem€nt.' Talk given to F"IY 460, Managing Forests for
Multiple Use, University of Maine, Orono, October Zl, 1992.

HODGMAN, T.P. 'A wildlife biologist profile: what is a wildlife biologist?' A workshop prasented
during 4-H Teen Conference, University of Maine, Orono, February ZO, lgg3.

HUNTER, M.L., JR. "Biodiversity in northern forests." Aiken's l-ecture Series, University of Vermont,
November 11.1992.

HUNTER, M.L., Ji.. 'A triad approach to forest land use.' Maine Fore.sts Products Council, Old Town,
January 14, 1993.

HUNTER, M.L., JR. 'What is biodiversity woodlot?" Owner's Forum, Ellsworth, ME, April 16, 1993.

KROHN, W.B. Interviewed for i segment called "Secrets of the Fisher' describing the cooperative research
ongoing at the University of Maine by the Maine Cooperative Fish and Wildlife Research Unit and
the Maine Department of Inland Fisheries and Wildlife. Part of Maine's Fish and Wildlife, a
weekly series appearing in fall 1993 on Maine Public Broadcasting.

KROHN, W.B. 'An overview of Atlantic salmon re.search at the Maine Cooperative Fish and Wildlife
Research Unit.' Progress report presented to the Technical Advisory Committee of the Maine
Atlantic Sea-Run Salmon Commission, Augusta, ME, January 21, 1993.

KROHN, W.B. Moderated a panel discussion on 'Wolves in Maine - Is reintroduction (introduction)
possible?' Sponsored by the Student Chapter and Maine Chapter of The Wildlife Society, April 5,
1993.

MATZ, A., R.B. OWEN, JR., and A. O'CONNELL. 'University of Maine researchers track bald eagles
on coast.' News release on Maine Public Radio, July 23, 1993.

McCALL, Tr, R.B. OWEN, JR., and T. HODGMAN. Interviewed for article on beaver research in June
issue of Downeast magazine.
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MORING, J-R. 'Fishes of Maine.' John Graham School, Veazie, ME, October 8, lgg2.

MORING, J.R. 'Great trails to the west.' Bangor High School, Bangor, ME, April 9, 1993.

MORING, J.R. 'Ecology of tidepool fishes: adaptations to life in the intertidal zone.' Upward Bound
Summer Biology Program, University of Maine, Orono, June 30, 1993.

MORING, J.R. Interviewed by Maine News Service for a radio news release on the Atlantic salmon fishing
off Greenland. Interview was distributed to and broadcast on several Maine radio stations, August
6, 1993.

MORING, J.R. Interviewed for a Maine Public Radio story on zebra mussels, September 24, lgg3.

MORING, J.R. Interviewed by the Morning Sentinel, September 29, 1993 for an Associated Press story on
mussels later carried in the Bangor Dailv News and two NBC affiliates.

OWEN, R.8., JR. 'International conservation.' Bangor Rotary Club, Bangor, ME, December 8, lgg1.

OWEN, R.B., JR., and F. SERVELLO. Interviewed by the Maine Sunday Telegram for article 'The
Survivors* which appeared December 20, l9gZ.

OWEN, R,B., JR, 'Issues in international conservation." Altrusa Club, Bangor, ME, January 21, 1993.

OWEN, R.8., JR. "Environmental quality, bald eagles, and public policy.' College of Natural Resourcas,
University of Rhode Island, S. Kingston, RI, April 16, 1993.

OWEN' R.8., JR. "Students and wildlife professionals." Northeast Wildlife Student Conclave, S.
Kingston, RI, April 18, 1993.

OWEN' R.B., JR., and B. BURGASON. Conducted an ecology workshop at the Maine High Adventure
Boy Scout Training Session, Matagamon l:ke, ME, June g and 9, 1993.

OWEN' R.8., JR. "Endowments for academic departments." Campaign for Maine Volunteers, Bangor,
ME, June 16,1993.

OWEN' R.B., JR. nContaminants in Maine eagles.' Interview featured on Michigan Public Radio.

OWEN, R.8., JR. and T. HODGMAN. 'Maine beaver." lnterview on National Public Radio, luly 29,
1993.

PHILLIPS, D.M. "Ecology of the Amerisan marten - Are populations in Maine stable?" Veazie Salmon
Club, January 28, 1993.

PHILLIPS, D.M. 'Marten ecology and rqsearch in Baxter State Park and surrounding area.' Maine
Trappers Association - Central Maine Chapter, Palmyra, ME, March 3, 1993.

PHILLIPS, D.M. "Marten ecology and research in Baxter State Park ssd sureunding area.' Baxter State
Park visitors and staff, August 3, 1993.

VAN DEN ENDE, O. 'Fish predators of Atlantic salmon smolts.' Txlology Department Colloquium
seminar, University of Maine, Orono, September 25, lg9Z.
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VAN DEN ENDE, O. 'Fish predators of Atlsntic selmon smolts.' Meeting of the Technical Advisory
Committee to the Maine Atlantic Sea-Run Salnon Commission, East Orland, ME, July 20, lgg3.

VICKERY, P. "Breeding ecology and conservation of regionally threatened grassland birds.' Tmlogy
Seminar Series, Connecticut College, New London, CT, November S, lggZ.

VICKERY, P. "Habitat requirements and conservation needs of regionally threatened grassland birds.'
Massachusetts Bird Conference, Andover, MA, November 21, t99/?.

WELCH, L. "Environmental contaminants in Maine bald eagles.' V.e'ie Salmon Club, Veazie, ME,
January 25,1993.

WELCH, L. Interviewed by the Providence Phoenix @I) for article on e,nvironmental contaminants in
Maine bald eagles, April 30, 1993.

WELCH, L. Interviewed by the Boston Globe for an article of environmental contaminants in Maine bald
eagles. Article appeared in July 4 issue of Boston Globe Maeazine, additional articlo appeared in
Casco Bay Weeklv.

WELCH, L. "Endangered species and coniaminants." Talk given to 6 classes of Dexter Middle School
children during Earth Festival Activities.

WELCH, L. Interviewed by the University of Maine 'snapshots' Program on coataninsnts in beld eagles,
July I, 1993.

WELCH, L. Interviewed on WERU radio station on contaminants in Maine bald eagles, September 28,
1993.

WELCH, L. lnterviewed by the Manchester Union I-eader, Manchester, New Hampshire, about
environmental contaminants in Maine bald eagles, Seplember 30, 1993.

WHITCOMB, S.D. "Status of spruce grouse research on Mount Desert Island, ME.' Talk given to Dick
Hayden, Asst. Secretary of the lnterior, at Acadia National Park, ME, Januery 26, lgg3.

WHITCOMB, S.D., 'Population ecology of spruce grouse on Mount Dqsert Island, Maine.' Talk given at
55th annual Sportsrnan's Show, Orono, ME, March 5, 1993.

WHITCOMB, S.D., 'Status of spruce grouse on Mount Desert Island.' Talk given to Advanced Biology
Class, Mount Desert Island High School, ME, May 12, 1993.

WHITCOMB, S.D. "Population ecology of spruce grouse on Mount Desert Island.' Talk given to
Downeast Chapter of Audubon Society, Southwest Harbor, ME, July 15, 1993.

AWARDS, HONORS, AND APPOINTMENTS

CARTWRIGHT, M.A. Received the Horace Bond Fisheries Scholarship from the Penobscot County
Consenmtion Association.

ELLIOTI, C.A. Elected President of the Maine Chapter of The Wildlife Society, April 1992.
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FOSS, C. Received a Switzer Environmental Fellowship, and is the third University of Maine student to do

so since the program's inception in 1988.

HUNTER, M.L., JR. Appointed to Editorial Board of gonservation Bioloey.

MOORS, A. Received the George F. Dow and Fred Griffee Scholarship given by the Maine Agricultural
Experiment Station for outsianding research, December 17, l9g}.

MORING, J.R. Received a Special Achievement Award from the U.S. Fish and Wildlife Service.

MORING, J.R. Elected Northeastern Division representative for the Early Life History Section, Americen
Fisherias Society.

OWEN, R.B., JR. Elected representative from the Northeast Section of The Wildlife Society to the Wildlife
Society Governing Council, January 1993.

owEN, R.B., JR. Elective vice-President, Maine Nature conservancy, Fall 1992.

OWEN, R.8., JR. Received an award for professional achievement from the Maine Chapter of The Wildlife
Society, April 5, 1993.

VICKERY, P. Awarded $20,000 grant contract from the Nahrre Conservancy (Florida Chapter) to
determine habitat requirements of the federally endangered Florida Grasshopper Sparrow.

VICKERY, P. Awarded $25,000 Switzer Environmental kadership Grant jointly with the Messachusetts
Audubon Societv.






