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ENDANGERED AND THREATENED SPECIES

Spatio-temporal Variation in Snowshoe Hare Densites and Effects of Hare Populations on Predicted Lynx
Occurrences in Northern Maine

Investigator: S.A. Scott
Advisors: D.J. Harrison, Co-chair

W.B. Krohn, Co-chair
W.B. Halteman

W.J. Jakubas
Cooperators/ University of Maine — Mclntire Stennis
Project Support: University of Maine — Maine Cooperative Forestry Research Unit

U.S. Fish and Wildlife Service

USGS — Maine Cooperative Fish and Wildlife Research Unit
University of Maine — Department of Wildlife Ecology
Maine Department of Inland Fisheries and Wildlife

National Council for Air and Stream Improvement

Maine Agricultural and Forest Experiment Station

Objective: 1)  Understand the relationship between forest management, natural succession, and other
exogenous population process on hare densities in the Acadian forest.
2) Investigate the consequences of empirical changes in hare populations on the probability of
lynx occurrences.

SCOPE

Snowshoe hare (Lepus americanus) is the primary prey of Canada lynx (Lynx Canadensis) and is an important prey
species for a number of other forest predators. Lynx population dynamics, survival, and recruitment are closely tied to
snowshoe hare availability. Lynx and snowshoe hare populations in the boreal forest cycle with 8 to 11 year periodicity, 5
to 25 fold changes in amplitude, and geographic synchrony over large areas. The nature of lynx and snowshoe hare
population dynamics in the contiguous U.S.A. is unclear, and whether or not hares and lynx cycle in the Acadian forest has
not been studied. The Federally threatened species status of the lynx mandates that conservation efforts be developed to
lead to recovery of the species. The importance of snowshoe hare in the diet of lynx necessitates that ecological
relationships between snowshoe hare, lynx, and their habitats be considered in lynx conservation activities.

The largest population of lynx in the contiguous U.S.A. occurs in Maine. Timber harvesting is the predominant land
use practice affecting lynx and snowshoe hare habitat. Harvest activities alter the composition and structure of forests,
thereby affecting the quality and availability of snowshoe hare and lynx habitat. Forest practices have changed
significantly since passage of the Maine Forest Practices Act in 1989, with recent harvests relying predominantly on partial
harvest methods. Regenerating conifer forests generated from earlier clear cut practices have repeatedly been shown to
contain the highest snowshoe hare densities. Future quality hare habitat may be limited due to low creation of regenerating
conifer clear cuts and succession-induced changes to existing stands. The reduction in quality hare habitat will most likely
result in lower snowshoe hare abundance, with possible negative consequences for lynx populations.

This research contributes to long-term investigations in to the effects of forest management on snowshoe hare density
and aspects of Canada lynx ecology in the industrial forests of Maine. Previous studies have quantified stand-level
snowshoe hare densities for specific forest types. This study will provide additional and up to date hare density estimates
across four major forest types, provide a comprehensive analysis of the temporal and spatial patterns of hare density
fluctuations, and quantify succession-induced changes in vegetation structure and the effects on hare density. Maine
Department of Inland Fisheries and Wildlife (MDIFW) has been conducting a lynx research project which began in 1999 to
document movements, survival, habitat use, and reproduction of lynx. Another study by MDIFW began in 2003 to
document lynx occurrence across northern Maine. Results show a possible increase in adult mortality and a decline in lynx
productivity since 2003. Lynx demographic changes, in combination with a recent observed decline in snowshoe hare
densities, suggest that hare densities may have dropped below a critical threshold required for lynx reproduction and
survival. Studies in other areas have documented an increase in lynx home range size during periods of decreased hare
abundance. This study will evaluate spatiotemporal changes in hare populations during the period 2001-2009 and will use
hare density data and previous lynx occurrence models developed in our lab to evaluate the consequences of fluctuating
hare abundance on the density of hares on the predicted distribution and occurrence of Canada lynx throughout a 1.6
million ha area of northwestern Maine.



PROJECT STATUS

All requirements for a M.S. were met in December 2009. The abstract of the thesis follows:

I compared snowshoe hare densities between two locations in northern Maine, 2001-2009, to determine if fluctuations
occurred in geographic synchrony, and to compare the magnitude of population change to amplitudes documented for
cyclic hare populations within the boreal forest. Changes in winter density occurred synchronously between locations.
Hares exhibited a 6-year period of higher density from 2001-2006, followed by a 3-year period of lower density from 2007-
2009. Average density during the high period was lower than most peak levels observed in boreal populations, and average
density during the low period was higher than the lowest densities observed in cyclic boreal populations. The 2.1-fold
change in density was dampened compared to amplitudes of change documented for boreal populations. While hare
populations fluctuated synchronously between two locations, they did not exhibit the extreme cyclic dynamics documented
in the boreal forest.

I investigated whether forest development can explain the observed hare decline in regenerating conifer stands in
northern Maine. I evaluated the strength of relationship between the decline in hare fecal pellet density and a suite of stand
development indices, including stand age, site quality, and relative density from a density management diagram.
Additionally, I predicted hare pellet density using a model based on measures of vegetation structure and compared
observed pellet density during the low hare density period to predicted density based on vegetation structure. Observed
pellet density was lower than predicted for all stands. All relationships between the decline in pellet density and stand
development indices were non-significant except one, which indicated a negative relationship between the decline in pellet
density and relative density. This result was inconsistent with the hypotheses that the hare decline was driven by stand
development. Alternatively, broad-scale processes (e.g., community interactions with mobile predators, or spatially-
correlated environmental perturbations) may be driving factors behind declines in hare density.

Finally, I evaluated the influence of declines in hares from the period of high density (2001-2006) to the period of low
density (2007-2009) on predicted probability of occurrence of Canada lynx across a 1.6 million acre landscape of northern
Maine. I estimated the change in landscape-scale densities of hares from the high to low period, and applied an occurrence
model to project changes in predicted probability of occurrence of lynx. With habitat composition held static at the 2004
condition, 14.7% of potential lynx home ranges were predicted to have hare density exceeding 0.75 hares/ha during the
high period; however, none of the ranges were predicted to have hare density exceeding 0.75 hares/ha during the low
period, and 95.1% of the landscape had a predicted density of < 0.50 hares/ha. During the high period, 22.1% of forestland
had a probability of lynx occurrence > 80%, but during the low period, only 0.2% had probability > 80%, and 98% had a
probability < 50%. On average, lynx would have had to increase their home-range size by 1.9-times during the period of
low hare density to have access to an equivalent number of hares as during the period of high density.

Taxonomic and Population Status of the Clayton’s Copper Butterfly (Lycaena dorcas claytoni)

Investigator: E.S. Knurek
Advisors: J.M. Rhymer, Co-chair
F.A. Drummond, Co-chair
C.S. Loftin
Cooperators/ Maine Outdoor Heritage Fund
Project Support: Maine Department of Inland Fisheries and Wildlife

U.S. Fish and Wildlife Service
The Nature Conservancy
American Philosophical Society

Objective: 1) Determine taxonomic status of Clayton’s copper butterfly as a distinct subspecies from the
nominate Dorcas copper, through morphological and genetic analyses and comparison with
nominate species and other closely related Lycaenids.

2) Estimate size of Clayton’s copper subpopulations in Maine, and establish a baseline for
future population monitoring.



SCOPE

Clayton’s copper butterfly (Lycaena dorcas claytoni Brower) was first discovered in Maine and described as a distinct
subspecies in 1940, morphologically different and geographically isolated from the nominate subspecies, Dorcas copper
(Lycaena dorcas dorcas Kirby) and other closely related Lycaenids. In 1997, Clayton’s copper was listed as endangered in
Maine because it is known from few sites statewide, is found in abundance at only 1-2 sites, occurs only in an uncommon
habitat type, and its entire global range is nearly confined to Maine.

Basic information about Clayton’s copper taxonomy and population status is necessary to effectively manage this
endangered species. The subspecific status of Clayton’s copper is in question, especially since the taxonomic distinction
between Clayton’s copper and Dorcas copper has never been quantified. This taxonomic uncertainty must be resolved to
delineate appropriate management units for conservation. Additionally, except for at Maine’s largest site, censuses to
estimate population size have never been done. Without development of a baseline population estimate, species status
cannot be accurately assessed, trends cannot be monitored, and recovery goals cannot be developed.

This study will conduct detailed morphological and genetic analyses to determine if Clayton’s copper is taxonomically
distinct from Dorcas copper and develop population estimates, establishing a baseline for future population monitoring.
These data will aid in determining the national and global conservation status of Clayton’s copper and informing
conservation planning and recovery efforts.

PROJECT STATUS
All requirements for an M.S. degree were met in May 2010. The abstract of the thesis follows:

The Clayton’s copper butterfly (Lycaena dorcas claytoni) (Brower 1940) was described as a distinct subspecies in 1940,
presumed to be morphologically distinct from the nominate species, Dorcas copper (Lycaena dorcas dorcas) (Kirby 1837).
In 1997, Clayton’s copper was listed as endangered in Maine because it is known from few sites statewide, was thought to
be abundant at only 1-2 sites, occurs in an uncommon habitat type, and its global range is nearly confined to Maine (Swartz
et al. 2001). This research aimed to address fundamental questions about Clayton’s copper, specifically to clarify its
taxonomic status and to estimate density of subpopulations in Maine. These data will aid in determining the global
conservation status of Clayton’s copper and inform conservation efforts at the state level. Concern about the subspecific
validity of Clayton’s copper was the impetus for exploring its taxonomic status in relation to the Dorcas copper. This led to
a comprehensive study that included other putative L. dorcas subspecies and a closely related congener, the purplish
copper, L. helloides.

I conducted multivariate statistical analyses of morphological characters using traditional characteristics detailed in the
original subspecies description and geometric characters derived from a size-free analysis of wing shape. Additionally, two
independent molecular genes were sequenced: one mitochondrial, cytochrome oxidase sub-unit I (COI) and one nuclear,
elongation factor 1o (EF1a).Morphometric analysis indicated that traditional morphological characters supplemented with
geometric landmarks delimit taxonomic boundaries in most cases, including the subspecific status of Clayton’s copper
butterfly. There was little or no variation, however, among all L. dorcas subspecies and many purplish copper specimens
based on phylogenetic relationships among COI and EF1aDNA sequences. Incongruence between morphological and
molecular data suggests that some taxonomic revision may be required; however, delimiting boundaries is not clear-cut.
Incongruence might be explained by use of conservative genetic markers, ongoing or recent divergence of taxa, and/or
environmental influence on phenotypic variation among groups. I conducted field studies in 2007 and 2008 to increase
understanding of distribution and density of eight Clayton’s copper sub-populations in Maine. With the exception of
Maine’s largest occurrence, censuses to estimate site-specific population density had not previously been done (Webster
and Swartz 2006).

I quantified the area of shrubby cinquefoil (Dasiphora fruticosa) host plant patches at each site, and estimated site-
specific population abundance and dispersion patterns with distance sampling using line transects. Distance sampling was a
useful method for calculating baseline density estimates (with associated error) of Clayton’s copper subpopulations at sites
with different vegetation structures. Density estimates from distance sampling can also be back-calculated into simpler
Pollard indices if required. Analysis of dispersion patterns indicated that butterflies are aggregated both in habitat patches
within sites and between sites. Estimates of Clayton’s copper population density at eight of the nine known sites (one of
which has apparently gone extinct) will aid state personnel in prioritizing sites for management. These results provide
baseline information for future study of butterfly and host plant population dynamics at each site.




4

Landscape Planning Initiative for Northern Maine Using Area Sensitive Umbrella Species: A Wildlife Habitat-
Based Approach to Forestland Planning Across Large Ownerships in Northern Maine

Investigators: A. K. Fuller
D. J. Harrison
W. B. Krohn
Cooperators/ The Nature Conservancy — Maine Chapter
Project Support USDA Natural Resources Conservation Service
Objectives: 1)  Quantify and map current and past habitat conditions for marten and lynx across TNC
ownerships.

2)  Apply spatial optimization tools to harvesting plans to identify tradeoffs among lynx and
marten habitat, forest management objectives, and special habitat features.

3)  Quantify the net conservation benefit for lynx and marten relative to the baseline forest
conditions (2009), a no-harvest option, and draft forest harvest plan developed by TNC
foresters.

SCOPE

The Maine Chapter of The Nature Conservancy (TNC) is enrolled in the Healthy Forest Reserve Program of the USDA
Natural Resources Conservation Service. Under this program, TNC proposes to manage their extensive forestlands in
northwestern Maine consistent with providing adequate habitat for Canada lynx, a species of early forests, and the
American marten, a species associated with mid-successional and older forests. Research at the University of Maine has
shown that landscape-scale habitat conservation directed at these 2 species would disproportionately benefit 86% (n=111)
of vertebrate species co-occurring in the forests of northern Maine.

The issue of providing habitats in managed forestlands consistent with providing both vertebrate biodiversity and forest
products is an issue that extends throughout Maine and the Acadian forests of eastern North America where commercial
forestry is a major economic activity. How exactly to provide a temporally and spatially dynamic matrix of habitats for
both sustainable habitats and wood products is complex; thus, an operational method has not been developed. Ongoing
research at the University of Maine has developed predictive models of occurrence for both lynx and marten based on
landscape and stand-scale conditions. These tools provide the rough framework on which an interactive, habitat-based,
moving matrix approach to forestlands planning could be developed. The goals of this project are to develop, implement,
and evaluate a landscape-scale habitat-management system useful in sustainable management of the forestlands owned and
managed by TNC and other interested participants of the Healthy Forest Reserve Program.

PROJECT STATUS

We applied an umbrella species approach to model habitat requirements of marten (representative of mid- to late-
successional habitats) and lynx (representative of early successional habitats) and developed, implemented, and evaluated a
landscape-scale habitat-management model to be used in sustainable management of a 730 km* landscape owned and
managed for multiple biodiversity and timber harvest goals. We used a Structured Decision Making approach whereby we
identified fundamental objectives of forest productivity, biodiversity (marten and lynx habitat), income generation, and
stakeholder values and developed alternative management portfolios that represented the potential treatments that different
types of landowners may consider.

We considered a no management option (natural succession), light (shelterwood establishment and overstory removal,
commercial thinning), moderate (light actions plus clearcutting with no herbicide), and heavy (light actions plus
clearcutting with herbicide, and precommercial thinning) actions. We used a hierarchical modeling approach to identify
tradeoffs among lynx and marten habitat and forest management objectives across a 50-year planning horizon. We used
goal programming with optimization at the strategic phase and maximized an objective function that combined the multiple
objectives. We created a consequence table and used simple multi-attribute ranking tradeoff to score our alternative
management portfolios relative to the weight that the landowner placed on each fundamental objective. Our results suggest
that the combined objective function under the light management scenario will allow for both a continued supply of marten
habitat and allow sustained wood harvests consistent with landowner objectives, but eliminating clearcutting as an
acceptable management option would have substantial costs in terms of potential lynx habitat and maximum sustainable
harvest volumes.

FUTURE PLANS

The final contract report will include a 10-year management plan for TNC incorporating the habitat requirements of
lynx and marten and fiber objectives. This project is scheduled for completion by 31 December 2010.




Comparative Ultrastructural Morphology of Batrachochytrium dendrobatidis in Amphibian Tissue

Investigator: S. E. Greenspan
Advisors: A.J.K. Calhoun, Co-chair
J.E. Longcore, Co-chair
S. Tyler
M. Gahl
Project Support: University of Maine — Department of Wildlife Ecology

University of Maine — School of Biology and Ecology

Objectives: 1) Determine the morphological features of Batrachochytrium dendrobatidis during infection
of amphibian epidermal cells.
2)  Explain the mechanisms associated with these morphological features.
3) Compare these mechanisms in the epidermis of American bullfrogs (Lithobates
catesbeianus) and wood frogs (Lithobates sylvaticus).
4) Identify the life stages at which these species co-occur in New England vernal pools and if
transmission of B. dendrobatidis occurs during these life stages.

SCOPE

Rapid population declines have occurred in over 400 amphibian species on six continents since 1980, a far faster rate of
decline than would be expected from the Earth’s natural fluctuations. Nearly half of these declines have occurred in
pristine habitats or where obvious causes of decline, such as habitat loss and overexploitation, do not exist. Recent
experimental studies have shown strong evidence that the emerging infectious disease chytridiomycosis is the cause of
many of these enigmatic declines. Chytridiomycosis, an infection of the epidermis of amphibians, is caused by the chytrid
fungus Batrachochytrium dendrobatidis.

Amphibian populations exhibit variable responses to B. dendrobatidis. Some amphibian populations undergo
devastating declines due to chytridiomycosis; others appear to be resistant to lethal infections. The reasons for these
variable responses are largely unknown. Previous studies have described the morphology of B. dendrobatidis thalli and
zoospores, the life cycle stages of B. dendrobatidis, and the effects of B. dendrobatidis on amphibian skin cells. One aim of
this study is to describe the morphological processes by which B. dendrobatidis initiates infections in amphibian epidermal
cells and how these processes may differ in American bullfrogs (Lithobates catesbeianus), a species resistant to lethal
infection by B. dendrobatidis, and wood frogs (Lithobates sylvaticus), a species capable of acquiring lethal infection by B.
dendrobatidis. Increased understanding of the morphology of B. dendrobatidis and the pathogenesis of chytridiomycosis
could provide insights into past and future patterns of amphibian decline.

Another component of this project will involve a field study of American bullfrogs and wood frogs in New England
vernal pools. Chytridiomycosis has not been implicated in declines of amphibian populations in northeastern North
America but B. dendrobatidis is common in soils and freshwater systems in parts of New England. American bullfrogs, a
widespread species considered invasive in many parts of the world, are known carriers of B. dendrobatidis and use vernal
pools as non-breeding habitat. Wood frogs are a vernal pool-breeding species of conservation concern in many parts of
their range. Our objectives for this component of the project are to determine the life stages at which these species co-occur
in vernal pools and if transmission of B. dendrobatidis occurs during these life stages. This information is not only of local
conservation interest given the potential role of American bullfrogs as disease vectors but may also be particularly
applicable to other amphibian communities in which bullfrogs are invasive and co-occurring species are susceptible to
chytridiomycosis.

PROJECT STATUS

This project was initiated in September, 2009. The laboratory-based component of this project, which involved
infecting juvenile bull frogs with Bd and exposing wood frogs to these individuals, was completed in summer 2010. A
comparison of infected bullfrog and wood frog tissue using transmission electron microscopy, will be conducted in winter
2010 and spring 2011.

FUTURE PLANS

In spring 2011, the thesis will be written with a defense planned for summer or fall 2011.
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Understanding the Competitive Interactions of Smallmouth Bass and Atlantic Salmon Juveniles

Investigators: R. Wathen
Advisor S. Coghlan, Co-chair
J. Zydlewski, Co-chair
Joan Trial
Cooperators/ USGS — Maine Cooperative Fish and Wildlife Research Unit
Project Support: Maine Department of Inland Fisheries and Wildlife

University of Maine

Objectives: 1)  Construct an artificial stream to study interactions of small mouth bass and salmon in a
controlled setting.
2)  Conduct field surveys to assess the impact of small mouth bass on habitat selection of
juvenile Atlantic salmon

SCOPE

Today, wild Atlantic (Salmon salar) populations have declined precipitously and persist in only a handful of Maine
rivers. Part of the remaining population (~2000 spawning adults annually) is now federally protected by the Endangered
Species Act (2000), however, the species still faces extirpation. Declines in range and numbers primarily are due to
anthropogenic disturbances, including pollution, loss of habitat, disruption of river hydrology, and over-fishing. Although
Salmo salar have received much conservation attention, little research has addressed ecological effects of invasive species,
and no data exist on interactions with smallmouth bass (Micropterus dolomieu). Predation and direct competition by
invasive small mouth bass are thought to affect the population dynamics of Atlantic salmon in many Maine rivers. This
study addresses threats posed to Atlantic salmon by competition from Micropterus dolomieu in the last remaining habitats
of wild Atlantic salmon. Understanding the important ecological factors that may compromise survival, growth, and
habitat use in nursery streams is critical to the conservation of the endangered Salmo salar.

PROJECT STATUS

All Requirements for a Master’s degree were met in spring 2010. The abstract of the thesis follows:

Anadromous Atlantic salmon populations in New England have declined precipitously and now persist in only a
handful of Maine rivers. Smallmouth bass have been established in most of the last remaining watersheds containing
endangered anadromous Atlantic salmon, yet little is known about the ecological interactions between the species. The goal
of this research is fill key gaps in knowledge regarding the effects of competition for habitat from smallmouth bass on
Atlantic salmon. We used snorkel observation to identify the degree and timing of overlap in habitat use and to describe
habitat shifts by Atlantic salmon in the presence of smallmouth bass in natural conditions. We also used a simulated stream,
to monitor age 0 Atlantic salmon and age 0 smallmouth bass diel habitat use and movements in sympatry and allopatry. In
late July, 2008, we observed substantial overlap in depths and mean water column velocities used by both species in
sympatry, and an apparent shift by age 0 Atlantic salmon to shallower water coinciding with the period of high overlap. We
detected no overlap or habitat shifts by age 0 Atlantic salmon in the presence age 1 smallmouth bass, and low overlap and
no habitat shifts of Atlantic salmon and age 0 smallmouth bass in fall 2008. Summer floods in 2009 resulted in a near
complete reproductive failure of smallmouth bass in our study streams, thus compromising our ability to replicate our 2008
experiments. In laboratory experiments Atlantic salmon did not change their habitat use in the presence of conspecific or
heterospecific invaders. However, Atlantic salmon did forced smallmouth bass out of riffle habitats during daytime.
Atlantic salmon and smallmouth bass displayed different diel activity patterns, which were affected by heterospecific
introductions. From our field experiments, we suggest that environmental conditions of temperature and discharge mediate
interactions of these species, and may determine the potential outcomes of competition. In our laboratory experiments the
level of interspecific competition for habitat was low. Under certain conditions, Age 0 Atlantic salmon and smallmouth
bass may be able to avoid intense interspecific competition through spatial and temporal habitat partitioning.




Monitoring Changes in Resident Fish Communities and Anadromous Sea Lamprey in Sedgeunkedunk Stream
(Penobscot Co., Maine) After Low-head Dam Removal.

Investigators: C. Gardner

Advisors: S. Coghlan, Co-chair
J. Zydlewski, Co-chair
Kevin Simon

Cooperators/ USGS — Maine Cooperative Fish and Wildlife Research Unit
Project Support: National Oceanic and Atmospheric Administration
University of Maine

Objectives: 1)  Quantify population abundance, biomass, and size structure of resident fish
species in representative habitats/reaches in treatment sites (presumably
affected by barrier removal) and control sites (presumably unaffected by barrier
removal) both before and after dam removal takes place.

2)  Test for differences in fish community structure, total fish biomass, and
secondary production attributable to barrier removal.

3) Conduct size-spectra analysis as an indicator for changing patterns of energy
flow attributable to barrier removal.

4)  Characterize the population metrics and habitat use of sea lamprey - the only
prominent anadromous species in the system

SCOPE

The manipulation or disturbance of an ecosystem can have numerous effects on both the biotic and abiotic constituents
found within that ecosystem. Monitoring how the biotic and abiotic components respond to a manipulation or disturbance
within their habitat is a critical component necessary for our understanding of ecosystem response to such changes. This
work began monitoring the effects of a restoration project on the fish community in the Sedgeunkedunk watershed, a
tributary to the lower Penobscot River. This system had two dams removed in 2008 and 2009; if ecosystem response can
be understood, then ultimately we may be able to increase our ability to manage Maine’s native fish communities
adaptively in such situations.

PROJECT STATUS

All Requirements for a Master’s degree were met in October 2010. The abstract of the thesis follows:

Dams are ubiquitous in coastal Maine, and have altered both instream habitats and the distribution and abundance of
fishes in these habitats. These impacts are caused mainly by a disruption of the natural hydrology, temperature regime, and
habitat connectivity due to physical barriers; the subsequent fragmentation limits the movement of resident fishes, and
prevents anadromous fishes from reaching historic spawning habitat. Dam removal has become a common method for
restoring streams to a more natural state, but often the response of the fish community is not monitored rigorously.
Sedgeunkedunk Stream, a small tributary to the Penobscot River (Maine, USA) has been the focus of a restoration effort,
which includes the removal of two dams (at 0.6 and 5.3 km upstream of the Penobscot confluence). Currently sea lamprey
(Petromyzon marinus) is the only anadromous species known to spawn successfully in the system. In this study we
quantified fish community metrics, by conducting electrofishing surveys, along a headwaters-to-mouth gradient in
Sedgeunkedunk Stream, establishing pre-removal baseline conditions and variability.

We also described the distribution and abundance of spawning of sea lamprey in Sedgeunkedunk Stream, in anticipation
of potential range expansion after the completion of the dam removals. Sea lampreys, and their nests, were censused using
daily stream surveys and a mark-recapture model. Over three years prior to dam removal (2007-2009), the fish community
in Sedgeunkedunk Stream showed consistent trends in species richness and abundance, with metrics always greatest
downstream of the lowest dam (minima of 14 species and 2.7 fish/m2), always lowest immediately upstream of that dam
(minima of 5 species and 0.9 fish/m2), and generally recovering upstream towards the headwaters. Although seasonal and
annual variation in metrics within each site were substantial, patterns across all sites were remarkably consistent regardless
of sampling episode. Immediately after dam removal, we saw significant decreases in richness and abundance (10 species,
0.7 fish/m2) below the former dam site and a corresponding increase in fish abundance at the upstream site (5 species, 5.0
fish/m2), and for the first time, anadromous Atlantic salmon were found upstream of the former dam site. No such changes
were obvious in a reference stream. In 2008 forty-seven sea lamprey entered the stream, and constructed 31 nests; all fish
received PIT tags, which allowed us to identify and follow movements of individuals. Individuals that arrived early in the
run were active in the system longer, and used more nests, than did late migrants. Sea lamprey frequently ascended to the



first dam encountered before swimming back downstream and beginning nest construction. Nests were distributed from
head-of-tide to the lowermost dam; no spawners or nests were observed in the tidally-influenced zone or upstream of this
dam. Our results show that by quantifying baseline conditions in a small stream before restoration, the effects of stream
restoration efforts on fish communities can be monitored successfully. Based on the observed movements in the system,
and the range of their habitat use, we anticipate that spawning sea lamprey will re-colonize formerly inaccessible habitat

Investigating the Decline of Whitefish (Coregonus clupeaformis) in Maine

Investigators: D. Gorsky
Advisor J. Zydlewski
Yong Chen
Ellen Marsden
Michael Kinnison
Linda Kling
Cooperators/ USGS - Maine Cooperative Fish and Wildlife Research Unit
Project Support: Maine Department of Inland Fisheries and Wildlife

University of Maine

Objectives: 1)  Understanding the basic movement patterns of whitefish in key systems.
2)  Compile historic data of whitefish presence and smelt introductions in Maine waters.
3) Conducting studies to assess the likelihood that smelt and whitefish are directly competing.

SCOPE

Lake Whitefish (Coregonus clupeaformis) is a salmonid species with considerable fisheries importance in Maine.
Many Maine lakes once had strong whitefish populations but over the past few decades creel survey and inventory data
indicate a marked decline (Basely, personal communications). During this same period of time, smelt have been introduced
into many of these waters. The correlation between these events has spurred concerns that smelt introductions are causal to
the whitefish declines. The few systems with relatively robust populations (e.g., Clear Lake) are currently being tapped as a
source of hatchery supplementation. Approaches to address these three core objectives are in progress and are in close
coordination and collaboration with MDIFW biologists.

PROJECT STATUS

Vemco VR2 acoustic receivers were deployed on Clear Lake for year round passive detection of tagged individuals.
Thirty-two Lake Whitefish were tagged at Clear Lake (11 in 2004, 4 in 2005, and 17 in 2006). Results indicate a consistent
seasonal pattern of movement. During winter months, fish maintain a deep position in the water column restricted to a
small deep hole in Clear Lake located off the northeast shore. This appears to be where the tagged fish consistently
positioned themselves during periods of ice coverage through the winter months. At the commencement of ice-out, fish
begin to migrate vertically into shallower depths of the water column. The timing of ice-out, light penetration and surface
water temperature change appear to be highly correlated and are likewise correlated with vertical migration of tagged fish.
Following this spring vertical migration, the lake waters stratify and a thermocline develops between 9 and 10 meters.
Vertical migration is hypothesized to be temperature driven, but also is synchronous with the beginning of spawning. In
Clear Lake, whitefish spawn on a shallow shoal (3-5m). Following spawning events and as ice formation completes, fish
descend and reach the deeper habitats commonly occupied during winter months, completing the cycle.

Baseline data on larval growth has been measured for Lake Whitefish in 2006 and 2007. Eggs were transported and
hatched in lab space located in the Aquaculture Research Center (ARC) on the University of Maine campus in Orono.
Larvae were immediately fed abundant live rotifers and one day old Artemia nauplii. After the yolk sac was absorbed in
most of the fish, they were separated into treatment groups, which were three levels of feeding and four levels of fish
density. Growth was monitored under these conditions. Preliminary analysis shows what one would expect based on food
resource availability. Generally, as fish density increases and food availability decreases, growth is slowed. In 2008, we
were successful in rearing smelt and conducted a series of detailed competition experiments. Preliminary results indicate
that smelt were not effective competitors with Lake Whitefish, contrary to the initial hypothesis. Rather, due to their small
size relative to whitefish, smelt were out-competed and eventually became preyed upon by whitefish when reared together.
These data indicated that other interactions may be causal to Lake Whitefish declines.

A second level of interaction between Lake Whitefish and smelt may occur in early spring when larval whitefish are
emerging and adult smelt are returning from spawning runs. Literature has indicated that post-spawned adult smelt are
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voracious feeders and, if there is overlap in spawning and larval habitat use between smelt and whitefish, predation by
smelt on larval whitefish could affect larval recruitment. In 2009, we conducted detailed predation experiments at the
University of Maine. These data indicate that the window of predation (based on attack success) may be only 8-10 weeks,
after which juvenile size may preclude smelt predation. This work will be repeated and concluded in 2010.

Efforts in 2010 have been in concluding analysis on these directions and modeling the likelihood of Lake Whitefish
presence or absence throughout Maine. Data from the State have been assessed using regression tree analysis to define the
critical correlates to presence. Such data will aid the State in efforts to locate and restore populations.

FUTURE PLANS
A Ph. D. dissertation is expected to be completed in the winter 2010-11.

Impacts of Riparian Characteristics on Terrestrial Invertebrate Input and Brook Trout Bioenergetics
AND

Influence of Coarse Woody Debris Addition and Brook Trout Relocation on Stream Communities

Investigators: P. Damkot
Advisor S. Coghlan, Chair
J. Zydlewski
K. Simon

For: Impacts of Riparian Characteristics on Terrestrial Invertebrate Input and Brook Trout Bioenergetics:

Cooperators/ University of Maine — Department of Wildlife Ecology
Project Support: USGS — Maine Cooperative Fish and Wildlife Research Unit
Objectives: 1)  Evaluate the influence of riparian characteristics on terrestrial invertebrate input

and quantify the resultant energetic input available for brook trout consumption.

2)  Quantify the availability of aquatic invertebrates in stream benthos and drift and
the resultant energetic input available for brook trout consumption.

3) Assess foraging selectivity in brook trout and quantify the relative amounts of
energy provided by aquatic and terrestrial invertebrates.

4) Integrate data with an existing bioenergetics model and simulate the effects of
riparian forest structure on brook trout enegetics.

SCOPE

Maine contains the largest intact, wild populations of Salvelinus fontinalis in the United States. The fate of these fish is
linked inextricably to the surrounding watershed, as riparian forests maintain suitable stream temperatures and physical
habitat, facilitate aquatic prey production, and provide terrestrial prey subsidies critical for trout survival, growth, and
reproduction. Because most brook trout streams in Maine flow through privately-owned land managed for commercial
timber harvest, however, disturbances to the structural integrity of the riparian forest are common but their resultant effects
on brook trout often are not known or considered. Without adequate knowledge of the effects of forest harvesting and
regeneration patterns on brook trout in these streams, resource managers lack a critical piece of the puzzle when projecting
outcomes of various management scenarios. We developed a project to investigate the role that riparian forest structure
plays in determining growth and production of brook trout in sensitive habitats — that is, headwater streams in the White
Mountains region of western Maine surrounded by economically-valuable forests. Specifically, we will quantify the effects
of various riparian forest characteristics (e.g., along gradients of canopy cover, basal area, stem density, and
coniferous/deciduous dominance) on stream temperature, aquatic prey abundance, and terrestrial prey input, and ultimately
link these factors to brook trout growth and production.

PROJECT STATUS

During the summer of 2008, we chose sites on seven headwater streams in western Maine and northeastern New
Hampshire along a gradient of deciduous and coniferous riparian stand dominance, presumably reflective of logging
history; sites ranged from 99% deciduous and 1% coniferous to 80% coniferous and 20% deciduous. We sampled each
stream three times throughout the summers of 2008 and 2009 with 24-hour sampling cycles. During each sampling
interval, we collected benthic macroinvertebrates in four Surber samples, drifting aquatic invertebrates every six hours with
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four Y5-hour drift net sets, and terrestrial invertebrates with six pan traps deployed for the entire 24-hour period. In
addition, we collected 10-20 brook trout stomach samples for diet analysis by gastric lavage. Invertebrate identification
was completed during the summer of 2010, and enumeration of energy availability and consumption will be completed
during the fall of 2010. Preliminary results from a subsample of 2008 samples have not shown a significant effect of stand
dominance on terrestrial invertebrate availability, although there were significantly larger proportions of terrestrial
invertebrates in diet samples from one stream. The data will be integrated with an existing bioenergetics model to predict
how brook trout growth would be affected by riparian forest alterations and climate change.

FUTURE PLANS

A Master of Science thesis is expected to be completed in the winter of 2010-11.

For: Influence of Coarse Woody Debris Addition and Brook Trout Relocation on Stream Communities:
Cooperators/ University of Maine — Department of Wildlife Ecology
Project Support: USGS — Maine Cooperative Fish and Wildlife Research Unit

Maine Department of Inland Fisheries and Wildlife

Maine Bureau of Parks and Lands

USFWS — Eastern Brook Trout Joint Venture

Androscoggin River Watershed Council

National Fish and Wildlife Foundation

Town of Newry

Maine Department of Environmental Protection

Wagner Forest, Sunday River Inn, Caribou Springs

Objectives: 1)  Quantify the effects of CWD addition on brook trout, aquatic insects, and
streamside salamanders in brook trout stream.
2)  Quantify the effects of brook trout relocation and/or CWD addition on aquatic
insects and salamanders in fishless streams.

SCOPE

Headwater streams in Maine are very sensitive to human disturbance but are vital for brook trout Salvelinus fontinalis
persistence. Historically, disturbance included intense logging in the riparian zone and loss of in-stream habitat from
subsequent log drives. As a consequence, many of these streams are now devoid of large trees (coarse woody debris or
CWD) that create pools, trap organic matter, retain spawning gravel, and temper hydrologic variability, all of which should
yield high quality habitat for brook trout. Furthermore, disturbance in many high-elevation streams has eliminated brook
trout, and steep gradients have prevented natural re-colonization, so former brook trout habitat remains vacant. We have
initiated a project to restore CWD to headwater streams to improve brook trout habitat as well as reduce downstream
flooding and erosion, and are stocking trout in vacant habitat with and without CWD addition, to determine the relative
efficacy of each conservation measure. We also are monitoring the responses of non-target taxa (aquatic invertebrates and
streamside salamanders) to identify any incidental effects of our conservation actions.

PROJECT STATUS

We have chosen 20 study sites on headwater streams in the Mahoosuc Range (Oxford and Franklin Counties) to study
the interactive effects of CWD addition and trout relocation. Twelve sites contain wild populations of brook trout, six of
which will receive CWD addition and six of which will serve as reference sites. The remaining eight sites are currently
devoid of fish, although most likely once contained brook trout; two will receive CWD, two will receive brook trout, two
will receive both CWD and brook trout, and the remaining two will serve as reference sites. Variables of interest include 1)
abundance, density, biomass, and size-structure of brook trout; 2) abundance and community structure of aquatic insects; 3)
abundance of streamside salamanders; and 4) physical habitat characteristics. Sampling occurs seasonally, both prior to
treatments and for several years after treatments. Using this before-after / control-impact design, we will be able to quantify
the effects of both restoration actions on aquatic fauna. We added CWD to 5 sites in 2007 and 4 sites in 2008, and sampling
has occurred twice yearly for brook trout, seasonally for aquatic insects, once yearly for salamanders, and once yearly for
physical habitat. Brook trout relocation to vacant sites occurred in summer 2010. Currently we are identifying aquatic
insects and analyzing fish, salamander, and habitat data. Habitat data show a significantly greater abundance of in-stream
wood in treated sites, but no differences in substrate composition and pool characteristics. Rather, marked annual variation
in stream flow (i.e., drought in 2007, late summer flooding in 2008, early summer flooding in 2009) probably masked
changes in habitat due to CWD addition. Fish data show no overall patterns that can be attributable to CWD addition,
however, the two study sites that contained the least pre-treatment trout abundance and biomass in 2007 have improved
markedly in trout productivity through 2009. We caution that the short time elapsed since the CWD addition may not have
allowed for detectable changes to have taken place in many sites, and because our study streams varied greatly in terms of
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pre-treatment abundance and biomass of trout, sites varied in their potential to translate improved habitat into increased
brook trout production. Furthermore, individual pieces of CWD appear to have moved substantially during floods, which
may have caused disturbance to the stream habitat and biota. However, as CWD settles into semi-permanent jams, we
expect to observe improvements in habitat quality and brook trout should respond positively.

FUTURE PLANS

A Master of Science thesis is expected to be completed in May 2011, and we expect to continue monitoring brook trout
populations at least through 2012

Understanding the Ecology of Sea-Run Brook Trout in Acadia National Park

Investigators: D. Kazyak
Advisor J. Zydlewski, Chair
B. Letcher
S. Coghlan
Cooperators/ USGS — Maine Cooperative Fish and Wildlife Research Unit
Project Support: USGS - Biological Resources Discipline

National Park Service
University of Maine
Maine Department of Inland Fishieres and Wildlife

Objectives: 1)  Describe the seasonal movements and habitat use of brook charr using radio telemetry.
2)  Examine growth variability of brook charr with PIT technology.
3) Explore the influence of age and size on survival.
4) Examine the effects of movement on growth.

SCOPE

The iconic Salvelinus frontinalis has suffered from the effects of habitat degradation, competition with non-native
species and population fragmentation throughout its range during recent decades. These effects have been characterized
succinctly in the Trout Unlimited-produced status report for the “Eastern Brook Trout Joint Venture” (comprised of fish
and wildlife agencies from 17 states, U.S. Geological Service, U.S. Forest Service, U.S. Fish and Wildlife, the National
Park Service, the Office of Surface Mining and many conservation organizations and academic institutions). Maine was
identified as the last stronghold for this valuable sport fish in the United States. Among Maine management agencies and
the public, there is emerging interest in understanding and protecting the ecological integrity and diversity of this species,
particularly with regard to life history variation.

Historically, coastal streams have supported anadromous runs of brook trout, but this life history form is presumed to
have declined precipitously from their once historic distribution range. However, the status of anadromous populations is
largely unknown for most Maine waters. Likewise, survival rates, recruitment and movement characteristics within and
among neighboring stream systems represent significant data gaps impeding successful fisheries management. This project
is aimed at collecting such basic information in communication and cooperation with regional stakeholders.

PROJECT STATUS

This research focuses on the movement patterns of brook charr and the implications of those patterns for growth in two
systems, Cove and Stanley Brooks. Growth in salmonids is important as it is strongly correlated with survival and
reproductive success. Temperature and habitat attributes have been measured in an attempt to quantify these environmental
gradients. A stationary PIT antenna has been installed and maintained at the downstream terminus of Stanley Brook (2006)
and Cove Brook (2008) to assess downstream migration. Available habitat has been quantified in summer 2009 during
low-flow conditions in Cove Brook. Preliminary analysis of mark-recapture data indicates substantial spatial heterogeneity
in growth during the months of October through April. Growth rates of brook charr will be compared across several
environmental gradients across the study area. Growth data were gathered using biannual mark-recapture sampling of PIT
tagged fish.

An adequate understanding of habitat use is also important for restoration and mitigation activities. Radio telemetry has
been used to locate 15 brook charr in Cove Brook over the course of approximately one year (beginning spring of 2009)
with weekly surveys. Seasonal changes in the movement patterns and habitat use of brook charr will be examined with a
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particular focus on temperature during the summer months and habitat during the spawning season. Movement rates of
brook charr will be compared across seasons and between individuals. Mark-recapture data from ongoing PIT tagging
studies will be used in conjunction with detections from stationary antennae arrays and PIT-packing to assess the effects of
size and age on survival. The program MARK will be used to calculate survival estimates for different age and size classes.

Ultimately, the results of this study may provide useful background information when examining the effects of a
regulatory changes being instituted on Stanley Brook effective 2010 and may prove insightful for managers attempting to
maintain and restore coastal brook charr populations.

FUTURE PLANS

A Master of Science thesis is expected to be completed in spring 2011

Barrier Removal in Sedgeunkedunk Stream: Sea Lamprey Decolonization and Implication for Atlantic Salmon
Habitat Restoration

Investigators: R. Hogg
Advisors: S. Coghlan, Co-chair
J. Zydlewski, Co-chair
K. Simon
Cooperators/ University of Maine — Department of Wildlife Ecology
Project Support USGS — Maine Cooperative Fish and Wildlife Research Unit

Maine Sea Grant
Atlantic Salmon Federation
Penobscot Valley Audubon Chapter

Objectives: 1)  Characterize fish community changes (species, size, abundance, distribution, etc) in
response to barrier removals.
2) Evaluate abundance, size-structure, habitat use, and nest fidelity of spawning sea lamprey.
3) Characterize fine scale changes to substrate in response to sea lamprey nest construction.
4) Characterize changes to aquatic invertebrate community in response to sea lamprey
spawning activities.
5) Characterize the effects of sea lamprey as vectors of marine derived nutrients.

SCOPE

Sedgeunkedunk Stream, a 3™ order tributary to the Penobscot River, historically supported several anadromous fish
species including sea lamprey and endangered Atlantic salmon. Several small dams constructed in the late 1800s reduced
or eliminated spawning runs entirely. As of late 2009, a small population of sea lamprey used the accessible portion of
Sedgeunkedunk regularly for spawning. Efforts to restore marine—freshwater connectivity in this system have included the
construction of a rock-ramp fishway at RKM 6 in 2008 and the removal of a dam at RKM 1 in 2009. The latter has opened
up 5 km of lotic habitat.

We hypothesize that barrier removal in this system will: a) lead to increased abundance, diversity, and biomass of
resident fishes including juvenile anadromous species upstream b) sea lamprey will recolonize newly accessible spawning
habitat ¢) sea lamprey will “condition” physical habitat to the benefit of Atlantic salmon and other stream biota via
alteration of substrate during spawning activities d) sea lamprey spawning activities will release aquatic invertebrates from
the benthos thereby increasing prey source for resident fish community and e) semelparous sea lamprey will contribute an
influx of marine-derived nutrients thereby increasing primary production in the system.

PROJECT STATUS

In anticipation of the prescribed barrier removals, a team of UMaine researchers began monitoring Sedgeunkedunk
Stream and nearby Johnson Brook beginning in 2007 as part of a before-after-control-impact (BACI) design to elucidate
changes stemming from restoration efforts. As part of this collaborative effort, many of the pre-removal sampling
protocols developed through 2009 were continued during the 2010 field season. Sampling included the biannual
electrofishing of select historic stream reaches. Fish captured during electrofish surveys were identified and measured to
characterize population and community structure.
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Furthermore, migrating sea lamprey were captured, tagged and tracked with daily surveys conducted throughout the
duration of the spawning run. During daily surveys, locations and behaviors of individuals were recorded, and each
identified nest was marked with a physical stream-side marker and accompanying GPS coordinates. When nests were
encountered with active construction underway, paired drift nets (one directly downstream and an accompanying reference
placed out of plume) were anchored downstream to capture macroinvertebrate drift. A subsample of twenty-four spawned-
out sea lamprey carcasses were collected, frozen and reintroduced to select stream reaches to quantify decomposition rates.

Algae colonization tile arrays were anchored downstream of carcasses and weekly water samples were collected to
quantify the marine-derived nutrient influence upon primary production. At the cessation of spawning, a random sample of
twenty-five nests were revisited and metrics of substrate particle size, percent fine sediment, embeddedness, permeability,
depth, and velocity were collected from lamprey modified and nearby unmodified locations to elucidate fine-scale habitat
changes. To determine if fine-scale changes persist through until the presumed Atlantic salmon spawning season, an
additional sample of twenty-five nests were revisited in early October with identical sampling protocols employed.

Preliminary results indicate that diversity and abundance of resident fishes increased at sites upstream of the 2009 dam
removal. The furthest upstream site below Fields Pond had the most dramatic increase in density rising from
approximately 1.30 = 0.02 (95% CI) fish/m” pre-dam removal 2008 to 4.66 + 0.05 (95% CI) fish/m* post-dam removal
2010. Additionally, Atlantic salmon parr have been captured at all upstream sites below Fields Pond since the 2009 dam
removal.

Preliminary results from lamprey tracking indicate the presence of at least 131 individuals with 146 nests identified (78
nests identified beyond former RKM 0.7 dam). The previous collaborative study conducted in 2008 prior to barrier
removals revealed that 48 tagged lamprey constructed 31 nests. Comparisons of the two data sets suggest a successful
recolonization event. The 2010 spawning run initiated on June 1 and colonization of newly accessible habitat occurred on
June 6. Colonization peaked on June 9 with males leading the way. Males were typically sighted in the system for slightly
longer durations and they frequented more nests. With the October field sampling completed, analysis of the data
associated with habitat conditioning metrics will be used to detect differences resulting from lamprey presence and
spawning activities. Additional analyses will determine if fine-scale habitat changes are beneficial to endangered Atlantic
salmon and other biota in the stream community.

FUTURE PLANS

Data analysis and writing are in progress for a Master of Science thesis, expected to be completed in May 2012.

Establishing Baselines for American Shad in the Penobscot River
Investigators: A. Grote

Advisors: J. Zydlewski, Co-chair
M. Bailey, Co-chair
Joe Hightower
Dan Harrison

Cooperators/ USGS — Maine Cooperative Fish and Wildlife Research Unit
Project Support National Oceanic and Atmospheric Administration

The Nature Conservancy

The University of Maine

Objectives: 1) Develop age and length distributions of fish captured via boat electrofishing.
2)  Describe in river migratory behavior using telemetry.
3) Generate a length frequency distribution of fish approaching Veazie Dam using DIDSON
technology.
4)  Generate a population estimate for American shad in the Penobscot River using a novel
application of radio telemetry and DIDSON technology.

SCOPE

American shad populations are in decline throughout their native range and conservation programs have been
implemented in rivers from Maine to North Carolina. The proposed habitat restoration plan to remove the Veazie and Great
Works Dams on the Penobscot River (as part of the Penobscot River Restoration Project) is anticipated to reestablish access
to spawning and rearing habitat for numerous diadromous fish species, including American shad. American shad
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populations in other systems have responded to dam removals and other improvements to fish passage by expanding their
range. However, the extent to which fish use restored habitat, and the effects to the overall population vary among systems.

Today the American shad run can directly access waters up to Veazie Dam (rtkm 56). Because shad spawn primarily in
mainstem freshwater habitat, available spawning habitat in the Penobscot is limited to approximately 16 km of tidal
freshwater upriver from Hampden. The presence of American shad in this portion of the river has been confirmed through a
combination of incidental catch and electrofishing surveys in 2009-2010. Recent modeling efforts indicate that the time to
recovery for American Shad in the Penobscot River may be highly sensitive to small changes in starting population size.
Additionally, in this model, sensitivity to stocking (the ability of stocking to increase run size) decreases with increasing
population size. In other words, initial population size defines the rate of recovery and the effectiveness of stocking.

Because of the timeline of restoration activity and the importance of the current population level, specific demographic
information on American shad in the Penobscot River would be invaluable. The work underway is using a combination of
radio telemetry and DIDSON hydroacoustic assessment to study American shad to collect baseline data prior to dam
removals and implementation of proposed stocking programs. Work will be conducted over three years (2010-2012), and
will address two main data gaps: characteriziation of adult shad migratory behavior and characterizing the existing
Penobscot River run. The objectives of this study are to 1) develop age and length distributions of fish captured via boat
electrofishing 2) describe in river migratory behavior using telemetry 3) generate a length frequency distribution of fish
approaching Veazie Dam using DIDSON technology 4) generate a population estimate for American shad in the
Penobscot River using a novel application of radio telemetry and DIDSON technology.

PROJECT STATUS

In the summer of 2010, twenty American shad were captured via boat electrofishing. Age and length data were
collected for these fish. Fish were tracked using both fixed radio antenna arrays as well as active tracking. Multiple
directional antennas were mounted at Veazie Dam, to describe dam approach behavior and system residence time.
Additional stationary antennas were located at intervals between seawater (Winterport) and the Veazie Dam. These sites
will provide data as to the timing of upstream movement and the cessation of spawning activity.

In 2009 and 2010, a DIDSON was deployed to conduct imaging surveys at the base of the Veazie Dam fishway.
DIDSON is a high-definition sonar imaging camera that gives near video quality images for inspection and identification of
objects underwater. The advantage over “normal video cameras” is that it can work in turbid or muddy water. It provides
images of objects from 1 m to over 30 m in range. Preliminary analysis of 2009 data indicate the DIDSON data were an
effective tool for making species determinations, measuring the size of fish developing size distributions, and providing a
semi-quantitative index of fish approaching the dam. The non-invasive nature of DIDSON sampling is noteworthy because
of the presence of endangered species (Atlantic salmon and shortnose sturgeon) in the system. DIDSON data from Veazie
Dam will be analyzed using Myriax’s Echoview software, and will be used develop shad-specific target metrics, to estimate
shad encounters at the base of the dam, and to develop length-frequency distributions for migrating adults shad.

FUTURE PLANS
A second field season is planned for 2011. A successfully defended M.S. thesis is expected in fall 2012.

HABITAT RESOURCES

Assessing the Biological Condition of Maine Streams and Rivers Using Benthic Algal Communities

Investigators: T. J. Danielson

Advisors: C. S. Loftin, Chair
D. Courtemanch
S. Brawley

F. Drummond
J. Stevenson

Cooperators/ University of Maine — Department of Wildlife Ecology
Project Support Maine Department of Environmental Protection

U S Environmental Protection Agency

Houlton Band of Maliseet Indians

Manomet Center for Conservation Sciences

USGS — Maine Cooperative Fish and Wildlife Research Unit
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Objectives: 1) Develop analytical tools to evaluate the condition of stream algal communities across a
gradient of conditions ranging from minimally disturbed streams to those that have been
highly degraded.

2)  Build a model to predict stream classification attainment based on algal community
attributes.

SCOPE

The state of Maine Department of Environmental Protection currently evaluates the conditions of Maine’s streams and
rivers by sampling communities of aquatic macroinvertebrates at specific locations. This information is used with
supporting chemical, physical, and landscape data to determine if streams and rivers are achieving aquatic life goals
assigned to them under the State’s Water Classification System (e.g., Class A, Class B, Class C). In this project, we will
develop bio-assessment methods that examine stream algal communities and their relationships with water quality
conditions. We will also develop a model to predict if streams attain assigned classes (e.g., Class A) based on
characteristics of their algal communities.

PROJECT STATUS
All requirements for a Ph.D. degree were met in May 2010. The abstract of the thesis follows:

The purpose of this study was to test and develop algal methods of evaluating the condition of Maine streams and
rivers. The primary objective was to develop a statistical model to predict attainment of Maine’s aquatic life criteria for
water quality classes A, B, and C. I collected 298 samples of algae on rocks from 193 locations across the state. The major
pattern in species composition related to conversion of forests to urban, residential, and agricultural land uses. I calculated
preferred environmental conditions of 236 algal taxa for 1) concentrations of nitrogen, phosphorus, and dissolved ions in
the water, 2) percent of watershed land cover that is not forested, 3) and percent of watershed land cover that is impervious,
such as pavement. I then tested and identified algal community metrics that responded to increasing watershed
development. Metrics derived from Maine data performed better than metrics developed in other parts of the world.

Five biologists with Maine’s Department of Environmental Protection (MDEP) grouped samples based on attainment of
aquatic life criteria (i.e., A, B, C, and nonattainment) by interpreting algal species abundances and community metrics. I
developed a statistical model to replicate biologist assignments, which correctly classified 95% and 91% of samples used to
build and test the model. The second objective was to develop models based on algal community composition to estimate
concentrations of nitrogen and phosphorus in stream water. A multiple linear regression model and a variation of weighted
averaging that weights estimates using localized subsets of data performed the best. The final objective was to use nutrient
diffusing substrates to determine if growth of benthic algae in the Sheepscot River was limited by phosphorus or nitrogen.
It was co-limited by nitrogen and phosphorus. Although my statistical models have limited transferability to adjacent
regions with similar ecological conditions, methods used to build the models have wide transferability. MDEP could use
the first model to determine if streams and rivers attain water quality classes A, B, and C. MDEP could then use nutrient
inference models and diffusing substrates to better diagnose and manage enrichment of phosphorus and nitrogen.

Conserving Vernal Pools through Community Based Conservation

Investigators: Dawn Morgan
Advisor: A.J.K. Calhoun, Chair
Committee: K. Bell
L. Morin
L. Hertz
Cooperators/ University of Maine — Environmental Solutions Initiative, Senator George J. Mitchell Center
Project Support: University of Maine — Department of Wildlife Ecology

National Audubon Society
Maine Audubon Society
Stantec Inc.

Objective: 1)  To coordinate proactive mapping of vernal pools and encourage conservation of natural
resources at the town level in Maine.
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SCOPE

Vernal pools are small seasonal wetlands that fill with spring rains and generally dry down by the summer’s end. They
are critical breeding habitat for species adapted to life in temporary waters, including fairy shrimp, spotted and blue spotted
salamanders, and wood frogs, and provide food to upland wildlife as well. Because of their small size and ephemeral
nature, vernal pools often are overlooked by regulatory agencies and are filled for development. As a result, vernal pools
are among the most threatened wetland types in the northeastern US. While a number of northeastern states have been
proactive in their attempt to maintain the functional value of vernal pools, the Maine legislature was the first to recognize a
subset of vernal pools (Significant Vernal Pools) as Significant Wildlife Habitat, a status that allows both the pool and a
portion of the adjacent upland habitat. As of September 2007, pools that meet certain biological criteria (based on egg mass
abundance of key species and presence of listed species) are deemed to provide Significant Wildlife Habitat and as such are
regulated under the Maine Natural Resource Protection Act.

The state is unable to pre-map these resources, so it is incumbent upon private landowners to determine if they harbor
Significant Vernal Pools prior to developing their land. The most efficient and cost-effective way to ensure the long-term
viability of vernal pool resources is through local planning initiatives that move management from a reactive crisis mode to
a proactive planning mode. The original intention of this project was to work with citizenry and town officials in Orono,
Maine, to inventory and assess vernal pool resources with trained citizen scientists, and to encourage the Town to
incorporate vernal pools into a natural resource database for conservation planning purposes. Since we started the project,
many additional towns have contacted us for help in proactively mapping their vernal pools. Given our limited resources, it
became clear that our project should expand its purpose to include development of a Maine Municipal Guide to Mapping
and Conserving Vernal Pools designed to provide pertinent information on vernal pool ecology and the process of using
citizen scientists to map and assess pools. The Guide will also outline options for using a vernal pool data layer in
conjunction with other spatial data layers to initiate conversations about natural resource planning. Feedback from project
stakeholders has provided us with guidance in developing this document.

PROJECT STATUS

Mapping initiatives are underway in the towns of Orono, Brunswick, Topsham, Yarmouth, Freeport, Cumberland,
Windham, Bar Harbor, and Scarborough and additional towns and land trusts have expressed interest in our materials and
assistance. The Community Based Conservation: Maine Vernal Pools website was launched in March 2009 for the purpose
of disseminating materials related to the proactive municipal mapping initiative, vernal pool ecology, and conservation of
natural resources. Creation of the Maine Municipal Guide to Mapping and Conserving Vernal Pools and associated
training materials will be completed in the fall of 2009 with plans to print and distribute to interested towns early in 2010.

FUTURE PLANS

Project completion is planned for December 2010.

A Long-Term Forest Ecosystem Study

Investigators: M. L. Hunter, Jr.
A. J. Kimball
A. S. White
J. W. Witham
Cooperators/ Holt Woodlands Research Foundation
Project Support: University of Maine — Mclntire-Stennis
Objectives: 1) Describe the structure of the plant and animal communities in an oak-pine forest ecosystem.

2) Investigate the effect of woodlot management on community structure.
3) Document phenological, inter annual, 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. For many landowners, 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 manage their land at all. Thus, there is a great need for information on how to manage small woodlots,
particularly in ways that maintain or enhance wildlife and similar values.
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This continuing study is being conducted 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 1-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 have undertaken (1) a 100%
inventory of trees (>10 cm DBH) and intensive inventories of tree regeneration, (all trees are being individually numbered
and on 12 tracts, mapped); (2) a complete description of the vascular plant vegetation using the relevé technique; (3) an
inventory of all breeding bird territories; (4) small mammal trapping; (5) salamander cover object counts; (6) estimates of
seed and fruit production; (7) general surveys of canopy insect abundance. 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 we began managing the experimental area with three objectives: (1) increase wood
production; (2) increase wildlife diversity and abundance; and (3) maintain the forest's aesthetic value. Regular timber
inventories have enabled us to closely monitor tree growth and determine how well the wood production objective was met.
By continuing to monitor populations and processes, we can attain the second objective. Over the course of 25 years, we
have begun to understand how the community changes seasonally and from year to year; this is the essence of the third
objective.

PROJECT STATUS

In 2010, our twenty-seventh field season, tasks 3, 4, 5, 6, 7, above were completed, tree regeneration was measured in 1,
and 25m2 plots, timber inventory and mapping corrections were made, tree saplings were mapped in 2 10x600m plots, new
canopy gaps created by a March storm were mapped, and volume measurements were taken on blown down trees.

FUTURE PLANS

The 2010 field season will cover all the parameters measured annually and a re-measurement of vascular plant
abundance. In addition, we will update our research and management plan.

Changes in Vegetative Composition, Structure and Function Following Silvicultural Management in Softwood
Forested Wetlands with Respect to the Attitudes of Foresters and Loggers

Investigators: Gordon Moore
Adyvisors: A.J.K. Calhoun, Chair
M.L. Hunter, Jr.
J. Leahy
A. Kimball

K. Lausten, ex-officio

Cooperators/ Maine Forest Service, Policy and Management Division
Project Support: University of Maine — Department of Wildlife Ecology
Objectives: 1) Provide baseline data on vegetative and hydro-geologic changes in evergreen forested

wetlands in northern Maine following timber harvesting.

2) Created a rapid assessment procedure for forested wetlands and vernal pool wetlands and
habitat management guidelines (HMG) containing options for foresters, loggers and
landowners with respect the management of forested wetland resources.

3) Survey attitudes and beliefs of foresters to create workable best management practices and
to understand the motivations in this population with respect to forested wetlands.

4)  Create and test rapid monitoring protocols to monitor the outcome of forestry operations in
forested wetlands and isolated forested wetlands (vernal pools), and incorporate the product
onto the Maine Forest Service’s existing monitoring protocol for timber harvest operations.

SCOPE

The importance of appropriate forested wetland management increases as the demand for timber resources and pressure
for development continue to escalate. Forested wetlands are important sites for the retention of flood water, wildlife
habitat, organic filters which produce clean water and for the production of timber. Forested wetland losses continue to be
problematic, and additional information as to their function and perceptions of their value are necessary to arrest further
ecosystem degradation. The boundaries of forested wetlands often are poorly delineated on National Wildlife Inventory
maps, and as these maps are the standard for many regulatory mapping schemes. These wetlands are overlooked by
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regulatory agencies in Maine and other states. Current protection for these sites is limited and silvicultural Best
Management Practices, while well intended, do not adequately protect the function of forested wetlands. This project
evaluates the effects of timber harvesting management on the functions of evergreen forested wetlands dominated by Black
Spruce (Picea mariana) and Red Spruce (Picea rubens), and isolated forested wetlands (vernal pools) in Maine. In this
study, we evaluate (1) the attitudes and knowledge of foresters and loggers and (2) the on-the-ground effects of these on the
functions of the resource.

To address objective (1) foresters will be interviewed regarding their attitudes and beliefs about wetlands and forested
wetlands. The interviews will be followed up with a mailed survey questionnaire on the same topic. Secondly, I will
investigate the vegetation and hydrology of 3 evergreen softwood palustrine forested wetlands in north western Maine from
pre-harvest through several temporal stages post-harvest with a primary goal of discerning the changes to the complexity
and structure of these vegetative communities. I anticipate two products from this work: a rapid monitoring protocol for
forested wetlands and isolated forested wetlands (vernal pool) which will be created as an addition to the existing protocol
for monitoring forestry Best Management Practices (BMPs) currently being used by Maine Forest Service and several
northeastern states; and creation of Habitat Management Guidelines for timber harvesting in palustrine forested wetlands,
which will be viewed as an update and augmentation to the existing BMPs for timber harvest operations in forested
wetlands .

PROJECT STATUS

We have completed a review of scholarly and applied literature 1) focused on psychological tendencies, attitudes and
beliefs with respect to natural resources issues as understood through the theory of planned behavior and 2) examining the
effects on palustrine forested softwood wetlands, which have been altered by timber harvesting. We conducted a pilot
interview process with selected forestry practitioners with a pending evaluation and interpretation of the interview data and
testing the theory of planned behavior. A rapid assessment procedure for vernal pools following timber harvest
management on the adjacent areas has been created and tested through two field seasons. Collected data currently are being
evaluated and analyzed.

Study sites for the forested wetland field project have been identified and 2 yrs of monitoring of vegetation monitoring
have been completed.

FUTURE PLANS

Data analysis and writing will be completed Spring 2011 with a defense planned for Summer or Fall 2011.

Are There Any Negative Effects on the Ecology of Maine’s Aquatic Ecosystems from the Invader Myriophyllum
heterophyllum?

Investigator: Jacolyn E. Bailey

Advisors: Aram J.K. Calhoun, Chair
Ann Dieffenbacher-Krall
Cyndy Loftin
Kevin Simon
Dan Buckley

Project Support: Maine Department of Environmental Protection / Maine Volunteer Lake Monitoring Program
University of Maine — Department of Wildlife Ecology

Objectives: 1) Document fish, amphibian, and invertebrate communities in native macrophyte beds and

managed and unmanged non-native milfoil beds.

2)  Measure the relative abundance and presence/absence for each of three taxa: fish,
amphibians, and invertebrates.

3) Measure plant community composition and structure in native macrophyte beds and
managed and unmanaged non-native macrophyte communities

4) Determine if there are differences in communities in native macrophyte beds and managed
and unmanaged invasive macrophyte beds

5) Determine potential differences in plant and animal community dynamics in these
communities.
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SCOPE

Invasive aquatic species are one of the primary causes of freshwater species extinctions. These invaders grow and
spread rapidly with destructive effects on aquatic ecosystems including loss of native plant and animal communities, habitat
disruption, and damaged fisheries. Invasive macrophytes have been shown to affect biologically important variables such
as dissolved oxygen concentrations and substrate characteristics which can reduce the availability of suitable habitat quality
for fishes and macroinvertebrates.

In addition to ecological effects, invasive aquatic species reduce property values, hinder recreational experiences and
lead to enormous management costs. In Maine, our economy is tightly linked to our lakes and ponds. Annually, visitors to
Maine’s lakes generate $3.5 billion in total economic activity which supports over 50,000 jobs. Maine currently has 28
waterbodies infested with invasive aquatic plants and we are considered lucky as many other states have infestations in
most, if not all, of their waterbodies. If Maine waterbodies reach the levels of infestation that other states are experiencing,
it could be devastating to Maine’s tourism industry and economy in general.

We propose to evaluate the effect of invasive milfoil beds on fish, amphibian, and invertebrate communities in lakes.
Our research could raise the profile of ecosystem-scale effects of invasive aquatics. Our results can be used by lake
managers to better focus their control efforts and more effectively use the limited resources available to them.

In short, many of Maine’s lake associations with infested waterbodies are struggling to manage their lakes with a variety
of costly control methods. There is a continuing need for additional funding to manage these infestations as well as future
infestations. This research is the crucial step needed to determine the degree of environmental disruption posed by invasive
aquatic plants. This information can then be used by resource managers to leverage additional funding by providing
necessary data to support their requests to federal resources and private foundations. This study also help lake managers
determine whether management for these invasive aquatic plants requires intense wide-scale management of a lake or can
be focused on areas of human activity thereby more efficiently allocating limited resources.

PROJECT STATUS

During the 2010 summer season, research sites were selected, surveyed, and baseline data collection began.
Additionally, sampling methods were tested and assessed.

FUTURE PLANS

Field studies are planned for summer 2011 and 2012 with completion of project in spring 2013. Study lakes will depend
on individual lake management plans and coordinating with lake associations.

Managing Natural Resources on Private Lands: Theory and Practice of Collaborative Approaches Using Vernal
Pool Conservation Planning in Maine

Investigators: Jessica S. Jansujwicz
Adyvisors: A.J.K. Calhoun, Co-chair
R. Lilieholm, Co-chair
J. Acheson
R. Judd

L. Lindenfeld

Cooperators/ University of Maine — Senator George J. Mitchell Center for Environmental and Watershed
Research
Project Support: University of Maine — Department of Wildlife Ecology, and George Mitchell Center

NSF EpScor Sustainability Solutions Initiative

Objectives: 1) Discuss the theoretical underpinnings of collaboration, addressing the hypothetical benefits,

expected outcomes, and critical concerns.

2)  Consider the limitations of past and current approaches used to evaluate collaboration in
practice.

3) Develop an integrated performance evaluation framework to measure success and failure of
collaborative initiatives.

4)  Offer a practical example to examine the social and environmental outcomes of
collaborative vernal pool conservation planning in Maine.

5) Evaluate the role of collaboration in shaping the character of local-level planning efforts.

6) Provide insight on the barriers and opportunities for using collaboration as a management
tool for protecting natural resources on private lands.
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SCOPE

Managing natural resources for the common good is a complex issue, particularly when achieving conservation goals
requires management of private lands. While private lands are important for managing biological diversity, tensions
between a landowner’s perceived property rights and conservation interests make landscape-scale conservation a challenge.
Landowners often are reluctant to cooperate in resource management strategies that may incur a personal cost, lower the
value of their land, or impose restrictions on land use. Many also resent the layers of regulation affecting their property,
questioning the use of state controls to produce a public good on private land.

To reconcile these diverse interests in land, there has been a growing trend toward more inclusive, participatory efforts
to involve multiple stakeholders in local land use planning decisions. At the heart of this movement is the theory that
collaborative natural resource planning can temper the confrontational politics of conventional regulatory approaches and
overcome the limitations of traditional planning tools, thereby offering an alternative strategy to achieve government-
mandated environmental objectives.

A collaborative, “bottom-up” approach, however, is not without critics, and debate over the merits of collaboration has
prompted calls for a more formal evaluation of the effectiveness of collaborative processes in decision-making for land
management. Responding to this call for better empirical analysis, a growing number of studies offer criteria against which
collaborative efforts can be evaluated in practice. While recent studies have led to a better understanding of the process of
collaboration, few empirical studies focus on both the social and environmental outcomes of collaborative natural resource
planning.

The objective of this study is to generate empirical data to link the process and outputs of collaboration as a planning
tool to manage natural resources on private lands with social and environmental outcomes. This study will document the
extent to which multi-stakeholder engagement in natural resource planning processes influences conservation planning
decisions at the local level by examining the creation and evolution of two collaborative mechanisms for vernal pool
conservation planning in Maine: (1) the Vernal Pool Working Group (VPWG@G), a government-initiated, multi-stakeholder
decision-making process; and (2) the municipal vernal pool mapping and assessment project, a community-based education
and outreach effort jointly initiated by Maine Audubon Society and the University of Maine.

PROJECT STATUS

The first phase of this study gathered data with two qualitative research methods: (1) ethnographic tools of participant
observation at public meetings, planning workshops, and citizen scientist vernal pool training sessions; and (2) semi-
structured interviews with private landowners, citizen-elected local officials (e.g., Town Council), paid professionals (e.g.,
government agency personnel, town planners, GIS coordinators, consultants, developers, tax assessors, and local realtors)
in several Maine towns. These data were collect in 2008-summer 2010. Landowner focus groups and a mail-back
questionnaire administered in a subset of the towns involved in the vernal pool mapping and assessment project was
completed summer 2010 and data are being analyzed Spring 2011.

FUTURE PLANS

One chapter of the dissertation has been published and three others are being prepared spring 2011 semester with
expected defense date in Summer 2011. Candidate has been offered a post-doc position for late summer and has applied
for a Smith Fellowship.

Spatial Relationships Among Burn Patterns, Pre-Burn Vegetation Composition and Distribution, and Short-Term
Vegetation Recovery in Okefenokee National Wildlife Refuge, Georgia

Investigators: C. S. Loftin
P. Wetzel, Smith College

Project Support USFWS — Okefenokee National Wildlife Refuge
University of Maine — Department of Wildlife Ecology
USGS — Maine Cooperative Fish and Wildlife Research Unit

Objectives: 1) Describe fire severity and fire spatial patterns resulting from the 2007 wildfires in ONWR.
2)  Compare the burn pattern descriptive analysis with vegetation classifications based on
archived and newly acquired satellite imagery and aerial photography.
3) Compare pre- and post-burn vegetation classifications with archived spatial data of land
cover, hydrology, and fire to identify relationships of vegetation recovery and site condition
history.



21

SCOPE

Fire perimeter maps developed from thermal imagery captured while the swamp was burning during summer 2007
provide a time series of fire movement across the swamp. These maps present the impression of a uniform burn, yet a
differenced normalized burn ratio fire-severity map produced after the fire indicates a diverse burn intensity pattern and
rapid post-fire vegetation regrowth. Comparison of these fire perimeter and burn severity maps with vegetation maps
developed from aerial photography, merged SPOT multispectral and panchromatic satellite imagery collected during 1990,
2001 and 2.5 m SPOT imagery collected during June 2007, and newly acquired imagery during 2008 will improve our
understanding of vegetation burn and recovery patterns in the swamp. This analysis also will provide a foundation data
layer describing the pre- and post-burn swamp landscape for other researchers' reference in their studies.

PROJECT STATUS

The project was completed in early 2010and a manuscript is in preparation. A summary of the results follows:

The hydrological environment in Okefenokee Swamp is greatly correlated with precipitation conditions, and fire
occurrence in the swamp is related to hydrological conditions during the winter and early growing season. The 2007 fire
occurred during a regional drought that extended into the 2007 growing season. The Okefenokee Swamp historically has
burned with fires of similar extent every ~40 years, and smaller fires occur with greater frequency. It is uncertain how the
intensity of this fire compares to the previous extensive fires, however, repeated vegetation mapping over the next decade
will reveal a more complete understanding of the long-term effects of this fire. Post-fire (within one month) vegetation
biomass assessment (based on satellite imagery and field-based sampling; USGS EROS, 2007) estimated 57% of the
Refuge experienced moderate or severe burn. Given this fire’s apparent severity and extent documented within a month of
the burn, it is reasonable to expect that one-year post burn vegetation community composition and distributions would
differ from pre-burn conditions. Although differences from the 2001 vegetation composition and distribution are evident in
2008, there are similarities in the 2008 vegetation to the composition and distribution of vegetation communities noted by
Hamilton (1984) nearly 23 years after the 1954 fires, illustrating the Swamp’s resilience to this disturbance type as well as
apparent continued legacy effects of logging 80-120 years ago.

The 2007 fire burned 75% of the swamp, and all vegetation communities were burned, however, not all vegetation types
burned with equal severity. Arrangement of pre-burn vegetation appeared to affect fire pattern and the vegetation
composition and pattern of vegetation that survived the burn. One year after the fire, 85% of Mature Forest in 2008
occurred where burning did not occur. Eighty-one percent of the area in shrubs in 2008 was where fires burned moderately
or severely, while ~60% of shrubs interspersed with sparse mid-canopy trees occurred where fire burned moderately or
severely. The recurrence of this mixture of shrubs with sapling-sized trees in 2008 suggests that although much of this type
coded as mixed mature forest before the fire was classified as severely burned in 2007, the vegetation type already is
recovering to shrub swamp with resprouting trees, and the long-term effect of the fire on this type of vegetation may not
have been as severe as the USGS EROS (2007) map suggests.

Burn pattern was different for different severity levels. The shapes of burned areas were more complex than non-burned
areas, and the number of patches of light burn exceeded numbers of patches in other burned categories. Daily burn
perimeter area during this fire was not uniform through the fire’s duration. Burn perimeters were not large on most days,
however, on the few days that the fire spread extensively, fire severity generally was moderate to severe. A fire driven by
environmental conditions controlled at a large scale (e.g., regional weather conditions that create wind) may move rapidly
over a large area, uniformly consuming above-ground biomass and creating a less complex burn pattern than a slow moving
fire affected by local topography, ground moisture, and sub-canopy vegetation composition. Apparent burn severity
determined by immediate post-burn assessment with satellite imagery does not necessarily reflect vegetation recovery
potential, however. A rapidly moving fire may consume above ground biomass creating the appearance from the canopy
(and therefore detected in satellite image reflectance) of a severe burn, however, if the rootstock was not killed, rapid
regrowth will occur via root and coppice sprouting. Where fire covered a smaller daily extent in the Refuge and burned
more slowly, the roots of woody plants such as bays, gums, maples, and hollies may have been killed. If the canopy
remained intact, the immediate post-burn appearance (e.g., from satellite imagery) was of a less-severe burn, however, this
type of burn may be a stand-replacing event as the roots are weekend or killed and the trees fall.

It is not clear if logging more than 100 years ago affected the 2007 burn extent and subsequent vegetation recovery.
Logging tramlines presumably were placed where timber removal would be profitable. Patterns in the 2008 vegetation map
that appear to correspond to the tramline orientation and extent of estimated logged areas also are evident in the 1990 and
2001 maps (when species composition in the logging footprint was dominated by bays, gums, and maples with scattered
cypress). The vegetation community profile in 2008 in the tramline footprint is similar to the vegetation community
composition observed 23 years after the 1954-1955 fire; although much of the logging footprint did not burn, some of this
area did burn and the trees were killed. Long-term vegetation recovery in those areas should be monitored to better
understand the system’s response to logging and how fire behavior is affected by this perturbation.
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Effects of Habitat Fragmentation on the Dispersal Success of Vernal Pool-breeding Amphibians
Investigator: D. V. Popescu
Adyvisors: M. L. Hunter, Jr., Chair

A. J. K. Calhoun
J. Zydlewski

J. P. Gibbs
R. Seymour
Cooperators/ National Science Foundation
Project Support: University of Maine — Department of Wildlife Ecology

University of Missouri
University of Georgia — Savannah River Ecological Laboratory
Maine Association of Wetland Scientists

Objectives: 1)  Evaluate the effects of forest regeneration on a Maine amphibian community up to six year
post-harvesting.
2)  Quantify the permeability to juvenile amphibian movements of different-aged woodland
habitats resulted from clearcutting.
3) Identify orientation mechanisms used by juvenile amphibians during dispersal and
migration.
4)  Understand the potential effects of microclimate on habitat use by juvenile amphibians.

SCOPE

This project is part of the Land-use Effects on Amphibian Populations (LEAP) project currently underway at the
University of Maine, Orono. Land-use practices, such as forest harvesting, that reduce the quality of terrestrial habitat
surrounding a pond may threaten the persistence of a local amphibian population and may disrupt dispersal between local
populations within the metapopulation. LEAP involves 4 replicates of 4 forest harvesting treatments (clearcut with coarse
woody debris [CWD] removed, and clearcut with CWD retained, 50% canopy cover partial cut, and uncut forest) centered
on amphibian breeding ponds. In pond-breeding amphibian metapopulations, most individuals in a local population are
philopatric to their natal breeding site and use the terrestrial habitat surrounding the breeding pond for foraging and
overwintering. The treatments extend 164 m from the pond’s center to capture 95% of several species of amphibians in
that local population.

Specifically, the two overarching foci of this research are: (1) to assess what is the time frame in which clearcuts will
revert to a suitable habitat to woodland amphibians; and 2) to understand connectivity of amphibian populations in a
managed forest context by studying the movements of juveniles, which are the dispersing stage in several amphibian
species.

PROJECT STATUS

All of the data required to meet the proposed objectives were collected during the 2007 — 2010 field seasons, and
statistical analyses are currently underway.

We used a combination of drift fences and pitfall traps to capture all amphibians that migrate to and from the
experimental pools for breeding wood frogs (Lithobates sylvaticum) and spotted salamanders (Ambystoma maculatum),
newly metamorphosed animals leaving experimental pools, as well as any other individuals that use the four treatments for
foraging or transit movements. The drift fences were positioned in concentric arrays at 16.6 m (1 fence per treatment per
site), 50 m (3 fences), 100 m (6 fences), and 150 m (9 fences) from the breeding pool. Pitfall traps were checked daily for
amphibians between June and September (emergence season of newly metamorphosed amphibians). These activities
represent the continuation of a study conducted between 2004 and 2006 at the same experimental sites.

The preliminary analysis of 6 years of data (2004 — 2009) revealed that the vegetative succession did not alleviate the
effects of clearcutting on forest amphibians (abundance was constantly lower in clearcuts compared to the forested
treatments). This finding was surprising given that abundant regeneration partly mitigated the harsh microclimate
characteristic of young clearcuts. Coarse woody debris did not have an effect on mitigating the effects of clearcutting, and
the use of the partial cut treatment was similar to that of the uncut forest. There was a shift in the amphibian community
from forest specialist to generalist species, which was expected given that the disturbance crested by clearcutting produced
a more heterogeneous landscape. Despite these strong patterns at the broad scale, site-to-site variation in habitat use by
forest specialists was the norm at the finer (site) scale. This source of variability needs to be considered when drafting
management plans for vernal pool-breeding amphibians, which have to take into account the landscape context at both
broad (across ponds) and fine (pond-specific) scales.
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We analyzed the data gathered from field experiments performed in 2008 and 2009 that assessed the permeability of
three different-aged habitats resulted from clearcutting (2-3, 11, and 20 year-old regenerations) and a mature forest to
juvenile wood frogs (Lithobates sylvaticum) movements. We found that the 2-3 and 11-year-old treatments were
approximately 3.1 — 3.7 times less permeable than the mature forest and the 20-year-old regeneration, suggesting that the
effects of clearcutting on the migration success of juvenile amphibians are long-lasting. The manuscript was accepted for
publication in the journal Ecological Applications (MAFES paper # 3147).

We performed a dichotomous choice experiment aimed at understanding the use of olfactory and hygrotactic cues by
juvenile wood frogs during emigration movements. We found that juveniles tended to avoid the forested wetland cues,
which confirmed our preliminary observations in 2009. This finding is contrary to the current literature and has
implications for delineating protection buffers around vernal pools, which must include well-drained forests used by
juvenile wood frogs during emigration and dispersal.

FUTURE PLANS

We are in the process of analyzing the data from various field experiments and lab bioassays, and dissertation
completion is expected in December 2010.

Does Fish Introduction Influence Amphibian Community Composition and Reproductive Effort?

Investigators: Stan Hutchens, David Ellis

Advisors: A.J K. Calhoun, Co-advisor
Cynthia Loftin, Co-advisor
William Glanz

William Halteman

Collaborators and University of Maine — Department of Wildlife Ecology

Project Support: Maine Department of Inland Fisheries and Wildlife
USGS — Maine Cooperative Fish and Wildlife Research Unit
USGS — Eastern Region Cooperative Fish and Wildlife Research
SSI — NSF EPSCOR

Objectives: 1)  Determine if fish presence has an influence on amphibian community composition and
reproductive effort.
2) Develop a habitat selection model for wood frog (Rana sylvatica) in western Maine
compare findings for northern and western mountain region’s to eastern lowlands.

SCOPE

Amphibian populations face a multitude of complex threats. Habitat loss or modification is contributing to amphibian
declines globally. Fish introduction to previously fishless alpine lakes in the western United States has led to declines in
endangered frogs and salamanders found in those systems, however, effects of fish introductions on the amphibian
communities breeding in previously fishless lakes in western Maine is not well-documented. Our research documents
amphibian communities and reproductive effort in 14 mid-elevation lakes in western and northern Maine, and wetlands
within a 1km buffer surrounding the lakes. The study lakes are of three types: naturally fishless since deglaciation,
historically fishless but stocked with brook trout during the past century, and historically stocked and now fishless.

We are documenting amphibian presence and abundance with a variety of methods, including visual encounter surveys,
passive auditory surveys (i.e., remote audio recorders), and trapping. We are particularly interested in vernal pool breeding
species’ (Ambystoma maculatum, Ambystoma laterale, Rana sylvatica) use of these aquatic habitats and linkage with
wetlands and the surrounding terrestrial environment used during non-breeding, to understand potential effects of
modifying the non-breeding habitat on persistence of these species in this western and northern Maine landscape.

We are tracking post-breeding wood frogs with radio transmitters to determine their hibernacula selection, and will
resume tracking in late winter to determine wetlands used for breeding habitat. The habitat use information gained from
our telemetry studies will be combined with data from the wetland and Lake Amphibian presence and reproductive effort
surveys to improve our understanding of how this landscape is used throughout the year. This information will provide
guidance for conservation of these western Maine lakes and surrounding uplands to ensure longterm persistence of these
species in this wetland limited landscape.
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PROJECT STATUS

We have completed one field season, focusing on surveying the lakes and the area within 1 km of the lakes for breeding
habitat use and availability and wetlands and uplands used during the non-breeding season. We began our telemetry studies
at 2 lakes, and will continue this and the wetland lake surveys during Summer 2011. Audio surveys for breeding anurans
will be conducted during Spring 2011.
FUTURE PLANS

Field studies will be continued in 2011. This research will be interpreted into a dissertation project to begin in January
2011.

Environmental Assessment of Circumneutral Fens with Shrubby Cinquefoil (Dasiphora fruticosa): Host Plant of the
Endangered Clayton’s Copper Butterfly (Lycaena dorcas claytoni)

Investigator: S.A. Drahovzal
Advisors: J.M. Rhymer, Co-chair

C. S. Loftin, Co-chair
F.A. Drummond

A.S. Reeve
Cooperators/ University of Maine — Maine Agricultural and Forest Research Station
Project Support: University of Maine — Department of Wildlife Ecology

Maine Department of Inland Fisheries and Wildlife
Maine Outdoor Heritage Fund

U.S. Fish and Wildlife Service

USGS — Maine Cooperative Fish and Wildlife Service

Objectives: 1) Compare hydroperiod, pore water chemistry, peat chemistry/ morphology, and plant species
associated with shrubby cinquefoil among wetlands sites and between wetland sites
inhabited and uninhabited by Clayton’s copper butterfly.

2) Compare age structure, phenology, and size of stand among shrubby cinquefoil populations
and between populations inhabited and uninhabited by Clayton’s copper.

3) Compare morphology /’robustness”, quality of flowers and leaves, and location of shrubby
cinquefoil plants within wetlands inhabited and uninhabited by Clayton’s copper and
between used and randomly selected plants in wetlands inhabited by Clayton’s copper.

SCOPE

Clayton’s copper butterfly (Lycaena dorcas claytoni) is a Maine state endangered species that relies exclusively on
shrubby cinquefoil (Dasiphora fruticosa) as its host plant. This shrub typically is found on the edges of wetlands rich in
calcium carbonate or limestone. Calcareous wetland habitats that support large, persistent stands of D. fruticosa are rare in
Maine. Currently only 21 sites in Maine are known to support large stands of D. fruticosa, and L. d. claytoni populations
have been observed at only nine of these.

Conservation and recovery of L. d. claytoni depends in part on the ecological integrity of its habitat. It is unknown if
there are other factors in addition to the presence of the host plant that contribute to the suitability of a site for Clayton’s
copper. To make effective conservation recommendations, we need more information about environmental site
characteristics of Clayton’s copper habitat. By comparing the quality of the habitat and plants selected by L. d. claytoni for
nectaring and egg-laying to randomly selected plants, this research aims to address the following questions: Is there an
association between butterfly occurrence and the hydrological environment, pore water chemistry, peat chemistry and
morphology, and plant assemblages of a wetland site? Is there an association between butterfly occurrences and the age
structure, phenology, and size of the shrubby cinquefoil stands within a wetland site? Is there an association between
butterfly occurrence and cinquefoil morphology or “robustness,” quality and quantity of flowers, quality and quantity of
leaves, and location of individual shrubby cinquefoil plants in the wetland?

PROJECT STATUS

Monitoring wells equipped with continuous water level recorders (Solinst Leveloader Gold) were installed at allsites
inhabited by Clayton’s copper butterfly and three uninhabited sites to determine vertical flow and water table fluctuations
in each wetland during May-October 2009 and 2010. Pore water samples were collected within the root zone of D.
fruticosa plants as well as from the monitoring wells to compare nutrients and chemical conditions between occupied and
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unoccupied sites. Peat samples were collected within the root zone of D. fruticosa plants to compare nutrients and
morphological conditions of the peat. Leaves from several plants at occupied and unoccupied sites were collected to
compare chemical and water content as well as average leaf area. Nectar samples were collected at several to evaluate
collection and analysis techniques. Leaf, peat, and nectar samples are currently being analyzed.

FUTURE PLANS

Data analysis currently is underway, and the M.S. thesis will be completed in the late 2011.

Passage of Anadromous Fish at Mainstem Dams on the Penobscot River, Maine

Investigators: M. Bailey
J. Zydlewski

Cooperators/ USGS — Maine Cooperative Fish and Wildlife Research Unit
Project Support: National Oceanic and Atmospheric Administration
University of Maine — Department of Wildlife Ecology

Objectives: 1)  Assess the survival of hatchery origin Atlantic salmon smolts through the main-
stem of the Penobscot River.
2)  Describe the approach of Atlantic salmon smolts to Milford Dam.

3) Assess seawater willing performance of hatchery smolts stocked into the
Penobscot River.

SCOPE

The proposed plan to remove the Veazie and Great Works dams on the Penobscot River (as part of the Penobscot River
Restoration Project; PRRP) offers an unusual opportunity to examine the ecological and environmental changes
surrounding a major river restoration in New England. Fish passage at the remaining dams, both upstream and
downstream, is necessary for the completion of the life histories of many fishes. This proposed characterizes current
passage conditions of Atlantic salmon in the context of restoration

PROJECT STATUS

The work proposed for this objective will replicate the approach used in a previous 2005-2006 study, collecting up to
three additional years of smolt survival data. Greater emphasis will be placed on movements near Milford Dam. Acoustic
receivers will be deployed through the Penobscot River as part of ongoing cooperative work with NOA A-Fisheries, Maine
Cooperative Fish and Wildlife Research Unit and the University of Maine. In 2009 and 2010 hatchery smolts from the
Green Lake National Fish Hatchery were implanted with acoustic tags and released into the Penobscot River. Retrieval of
data from receivers deployed throughout the River has allowed for estimation of survival through impounded and un-
impounded reached of the system using Cormack-Jolly-Seber (CJS) modeling.

Beginning in 2010, downstream movement of hatchery salmon has been monitored with active and passive radio
telemetry to characterize details of path choice and downstream passage success at the Milford Dam site. Radio receivers
were installed at Milford Dam and 59 hatchery smolts were released into the Penobscot River directly upstream of the dam.

Smolt development for all fish used in telemetry studies has been assessed using the indirect indicator of
osmoregulatory competence, gill sodium, potassium ATPase.

FUTURE PLANS

Field work and preliminary modeling of survival has been completed for 2009 and 2010. One additional field year
(2011) is planned and completion of the project is anticipated in 2012.
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The Role of Marine Derived Nutrients Delivered by Anadromous Fish in Eestoration of Freshwater Ecosystems in
the Penobscot River Watershed, Maine

Investigators: M. Guyette

Advisors: C. Loftin, Co-chair
J. Zydlewski, Co-chair
William Haltemann
Jasmine Saros
Kevin Simon
Cooperators/ University of Maine

Project Support: USGS — Maine Cooperative Fish and Wildlife Research Unit; University of Maine
National Oceanic and Atmospheric Administration

Objectives: 1)  Experimentally supplement marine derived nutrients to examine effects of increased
nutrients on stream productivity (algae, macroinvertebrates) and young Atlantic salmon
growth and condition.

SCOPE

The ecological role of prominent migratory fish species is a poorly characterized natural history in the Penobscot River.
Manipulation of this river through habitat modification and impoundments has resulted in a greatly reduced exchange of
nutrients between inland and marine waters. Considerable runs of anadromous fish (e.g., American shad, alewife, sea
lamprey and Atlantic salmon) occurred in the Penobscot River prior to the construction of main-stem dams in the early
1800s. Fish populations declined precipitously after dams were installed. With the planned removal of two main-stem
dams on the Penobscot River, there is great optimism that reestablishment of passage will lead to restoration of the
ecosystem. In order to restore, however, it is necessary to understand how historical connectivity affected fish populations.
The role of marine derived nutrients (MDN) is of interest as restoration of anadromous fish runs may depend, in part, on a
continuous cycle of nutrient import from the ocean. The proposed study will probe the role of MDN in the Penobscot
River watershed by studying exchange of nutrients in streams with implanted salmon fry, documenting how increased
nutrients affect the productivity and quality of Atlantic salmon, and characterizing historic MDN incorporation in stream
ecosystems.

PROJECT STATUS

Four streams that had historic salmon runs in the Penobscot watershed were selected and characterized (stream
invertebrates, water chemistry, algal biomass and composition, aquatic macrophytes, fish) in preparation for two years of
manipulation beginning in 2009. Following initial characterization stream reaches were supplemented with marine derived
nutrients delivered as anadromous fish analogs in early June and late October during 2009 and 2010. Pre-treatment stable
isotope signatures were collected from all trophic levels at all sites (i.e., algae, aquatic macroinvertebrates, fish). Ecological
responses (e.g., changes in species richness, abundance, species composition) to nutrient enhancement are being tracked as
well as changes in stable isotope ratios in the biota and environment. All streams were stocked with Atlantic salmon fry
(equal numbers into control and treatment sites) to assess juvenile salmon response (measured in growth/productivity as
well as changes in tissue stable isotope ratios) to presence and absence of nutrient enhancement. Individual applications of
MDN were enriched with stable isotope so that assimilation time for specific applications can be followed within and
among seasons, and response (productivity measures, species composition and diversity) is being measured during and after
the season MDN are delivered.

FUTURE PLANS

Field work will be completed in spring 2011 and laboratory analysis of samples will continue through 2011. A Ph.D.
dissertation is expected to be completed in 2012.
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River Restoration in the Northeast: Implications for Avian Assemblages

Investigators: E.M. Call
Adyvisors: M. L. Hunter, J., Chair
Cynthia Loftin

Brian Olsen
Karen Wilson
Joseph Zydlewski

Cooperators/

Project Support: University of Maine — Department of Wildlife Ecology
Mclntrye Stennis
Eastern Maine Conservation Initiative

Maine Department of Inland Fisheries and Wildlife
Biodiversity Research Institute

The Nature Conservancy

The Penobscot River Restoration Trust

Maine Audubon

Maine River Bird Volunteer Network

Objectives: 1) Develop a monitoring framework to assess the long term responses of River Bird
Assemblage (RBA) to dam removal.
2)  Characterize RBA prior and immediately after dam removal.

3) Examine pre-dam removal Osprey distribution, abundance, and productivity as a baseline
for measuring response to fish restoration.
4) Investigate the relationship between habitat, food resources, and RBA.

5)  Evaluate the relative importance of marine and freshwater prey to Bald Eagle, Osprey, Great
Blue Heron, and Belted Kingfisher using analysis of marine derived nutrients.

SCOPE

Most research within river systems identifies fish as the top predators and focuses at this or lower levels in the food
web. However, many bird species also rely on rivers and can be linked to the food web as carnivores, omnivores,
insectivores, and, piscivores. This study examines community dynamics of river bird assemblages (RBA) and their
interactions with dams and habitat variation. The ultimate goal is to quantify how bird assemblages respond to various
habitat conditions that are likely to be impacted by dam removal and the subsequent restoration of spawning diadramous
fishes. It is reasonable to assume that dam removal will alter some of these river variables and thus affect bird assemblages
in both the short and long-term.

PROJECT STATUS

The long-term monitoring framework (Objective 1) was preliminarily established in the fall of 2008 and became fully
operational in the spring of 2009 with a formal protocol and a network of about 45 bird survey volunteers set up along the
Penobscot and other Maine rivers. The overall long-term monitoring encompasses the time prior, during, and at least 1 year
post removal of the Great Works Dam, which is scheduled for demolition in 2011. The results of this subset of data will
answer questions associated with immediate river bird response to dam removal (Objective 2). Within and adjacent habitat
conditions at each survey site are being collected at low, normal, and high water levels (or low and high tide as applicable).
Low water conditions were collected at the majority of sites during the summer of 2010.

FUTURE PLANS

Osprey monitoring is scheduled (pending funding) for the 2011 breeding season, which will capture pre-dam removal
distribution, abundance, and productivity (Objective 3). The remaining habitat data will be collected through the next year
(Objective 4). Archived and newly collected samples associated with Objective 5 have been acquired and data collection
and analysis will continue through 2011.
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PIT Tag Monitoring of Adult Atlantic Salmon in the Penobscot River, Maine.

Investigator: E. Hughes
Advisors: J. Zydlewski, Chair
Joan Trail
Stephen Coghlan
Cooperators/ NOAA — NMFS
Project Support: Penobscot River Restoration Trust

USGS — Maine Cooperative Fish and Wildlife Research Unit
Maine Department of Marine Resources
American Recovery and Reinvestment Act (ARRA)

Objectives: 1) Determine the rate, timing and efficiency of upstream passage of Atlantic salmon through 9
major dams in the lower Penobscot River basin
2)  Monitor the effects of the Penobscot River Restoration Project with respect to Atlantic
salmon in accordance with the Operational Plan for the Restoration of Andromous Fishes to
the Penobscot River.

SCOPE

Dams have been identified as one of the most acute impediments to restoration of Atlantic salmon (Sa/mo solar) in the
USA. While the Penobscot River watershed is Maine’s largest and hosts the largest remaining run of Atlantic salmon in the
USA, all high quality spawning and rearing habitats are located upstream of at least four hydroelectric dams. Plans are
currently underway to remove the two most downstream dams (Veazie and Great Works) as part of the Penobscot River
Restoration Project. Ultimately, benefits of dam removal for Atlantic salmon restoration will depend in large part on the
degree and fashion by which these dams currently affect salmon passage success and behavior. The objective of this
project is to determine the rate, timing and efficiency of upstream passage of Atlantic salmon through 9 major dams in the
lower Penobscot River basin including Veazie, Great Works, Milford, Howland, West Enfield, Mattaceunk, Brown’s Mill,
Dover-Foxcroft, and Guilford. PIT tag antennas employing Destron Fearing full duplex PIT tag technology will be
installed at the entrance and exit of the fish ways of these dams. PIT tagging of fish passed at the Veazie Dam will be a
coordinated effort with Department of Marine Resources (DMR). This work will incorporate and build on recent research
that demonstrated migratory behavior and passage efficiency of Atlantic salmon in the Penobscot. The long term scope of
this project will monitor the effects of the Penobscot River Restoration Project with respect to Atlantic salmon in
accordance with the State Operational Plan for the Restoration of Andromous Fishes to the Penobscot River. This study
will require coordination with USGS, NOAA, DMR, the Penobscot River Restoration Trust (PRRT), the Penobscot Indian
Nation, USFWS, and the various dam operators.

PROJECT STATUS

The project was initiated September 2009. Monitoring stations have been installed at all targeted dams, and the
majority are fully functional.

FUTURE PLANS

Efforts for the fall and winter of 2010-2011 will be focused on establishing the remaining sites as functioning stations
that can be remotely monitored and downloaded.

The Growth and Survival of Stocked Juvenile Atlantic Salmon (Salmo solar) in Small Tributaries of the Machias
River Watershed

Investigators: W. Ashe
Advisor: S. Coghlan, Chair
J. Zydlewski
J. Trial

Cooperators/ Project Maine Department of Inland Fisheries and Wildlife
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Support: Project SHARE (Salmon Habitat and River Enhancement)
USFWS — Craig book National Fish Hatchery
Maine Department of Marine Resources
USGS - Maine Cooperative Fish and Wildlife Research Unit
Maine Water Resources Research Institute

Objectives: 1)  Quantify growth and survival of juvenile ATS in headwater streams, spanning multiple
environmental gradients.

2)  Determine the relative importance of measured habitat features to juvenile ATS growth
and survival.

3) Compare the production potential of headwater streams to the mainstream and other
already stocked tributaries.

SCOPE

The Machias River, located in downeast Maine, harbors one of the few remaining wild populations of endangered,
anadromous Atlantic salmon in the U.S. This study focuses on Atlantic salmon habitat in headwaters (first- and second-
order streams) of the Machias River watershed. Over the past century, anthropogenic disturbances have degraded the
Machias River watershed. These activities, mainly the construction of roads for timber harvest and log driving, have
disrupted the structure and function of the river and its tributaries. The extensive network of logging roads required the
construction of dozens of culverts on many of these headwaters streams. Currently, these poorly designed and
malfunctioning culverts impede the movement of Atlantic salmon into a network of small tributaries that comprises
upwards of 70% of the total stream area in the watershed, and that historically provided critical nursery and rearing habitat.
These productive habitats are essential to the growth and survival of juvenile Atlantic salmon, as they provide thermal
refuge, protection from predators, and abundant food supply. However, current management of Atlantic salmon in the
Machias River involves stocking fry in larger tributaries because many of these smaller tributaries are blocked by culverts
and thus would be inaccessible to returning adults. Therefore, this study will investigate the importance of these smaller
tributaries to Atlantic salmon fry by meeting the objectives listed.

PROJECT STATUS

This study was initiated during the spring of 2010, when approximately 21,000 Atlantic salmon fry were stocked in
twenty study reaches at a density approximating 1 fish/m”. Just prior to stocking in early May, directional traps, spanning
the entirety of the stream’s wetted width, were placed at the up- and downstream ends of a subset of three representative
reaches. The traps remained in place for the entirety of the field season and monitored immigration and emigration. We
measured pH, temperature, velocity, substrate, shelter availability, depth, wetted width, large woody debris, riparian forest
structure, invertebrate food supply, and competitor/predator abundance throughout the entirety of the field season at each of
the 20 reaches and at two separate timeframes. The two measurement episodes will account for some of the season
variation within the stream. In late August, fish were collected within all sample reaches using standard electro-fishing
techniques with backpack units. All collected salmon, as well as other fish species, were measured for length and mass and
released alive. Due to extremely low flows for a prolonged period in August, some electro-fishing and invertebrate
sampling was carried out during higher flows in September. The 2010 field season was completed on October 1. Data
analyses are currently underway and preliminary results are forthcoming.

FUTURE PLANS

A Master of Science thesis is expected to be completed in spring 2012.

Quantifying the Effects of Dam Removal on the Structure and Function of Fish Assemblage in the Penobscot River

Investigators: Ian Kiraly
Advisor: S. Coghlan, Chair
J. Zydlewski
D. Hayes

Cooperators/ Project USGS — Maine Cooperative Fish and Wildlife Research Unit
Support: Penobscot River Restoration Trust
National Oceanic and Atmospheric Administration
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Maine Department of Inland Fisheries and Wildlife
University of Maine

Objectives: 1)  Quantify fish assemblage structure (abundance, biomass, and species composition) within the
Penobscot River from Hampden to West Enfield prior to and immediately following dam
removal.

2)  Continue monitoring previously conducted in 2008 and 2009 by Kleinschmidt Associates on
the Penobscot River and major tributaries (boat electrofishing at established sites)

SCOPE

The Penobscot River drains the largest watershed in Maine, and supports forty-two resident fish species, along with
eleven species of diadromous fish. Historically, diadromous fishes had access to thousands of kilometers of river and
stream habitat in which they could spawn and their progeny could grow before migrating to saltwater. These diadromous
fishes likely brought nutrients far upstream from the ocean, subsidizing in-stream productivity in otherwise oligotrophic
systems and providing prey for a variety of aquatic and terrestrial vertebrates. The construction of dams on the river and
tributaries has limited the distribution of many diadromous species to lower portions of the river and has also fragmented
populations of resident fish species. During the next few years, the Penobscot River Restoration Project will remove the
two lowest dams on the main-stem Penobscot River, which will increase access to spawning habitat for certain diadromous
species and increase habitat connectivity for resident fish populations. It is likely that fish assemblages (including both
diadromous and resident fishes) will change after dam removal. In order to accurately assess changes, adequate pre-
removal data must be collected. Much of this project will focus on quantifying fish assemblages before dam removal
occurs, and also immediately following dam removal.

PROJECT STATUS

Data at established 1000 meter transects were collected by Kleinschmidt Associates during 2008 and 2009; these
surveys were conducted in the early summer and again in the early fall using standardized boat electrofishing methods.
During the 2010 early summer field season (June 1°-July 2™), we surveyed 16 of these established transects (four were on
major tributaries), along with 26 randomly selected 500 meter transects (all of these were on the main-stem Penobscot
River). All transects were surveyed using standardized boat electrofishing methods. Beach seine surveys were also
conducted during the summer on the main-stem at areas where seining was feasible. During the fall field season (August
23"-October 9™), we surveyed 16 established 1000 meter transects (five were on major tributaries) and 21 randomized 500
meter transects (all on the main-stem Penobscot River) using the same methodology as the early summer sampling.

FUTURE PLAN

Data collection at established and randomized sites will continue through the 2011 field season, and hopefully for many
years into the future. Data analysis and report writing will commence between field seasons. A Master of Science thesis is
expected to be completed by May 2012.

Amphibian Movement in Complex Landscapes: Effects of Forest Management and Urbanization on Dispersal and
Population Dynamics of Vernal Pool-breeding Amphibians

Investigators: B. B. Cline
Advisor: M. L. Hunter Jr., Chair

Academic Committee (being formed)

Cooperators/ National Science Foundation (NSF) Experimental Program to Stimulate Competitive Research

Project Sustainability Solutions Initiative (SSI), University of Maine
Support: University of Maine — Department of Wildlife Ecology
Objectives: 1) Investigate the effects of different land-use and forest management practices on amphibian dispersal

and migration, with the goal of understanding how these movement processes affect population
dynamics and persistence.
2)  Asses and quantify breeding dispersal for juvenile amphibians using direct tracking methods.

3) Expand movement studies from experimental forestry sites/settings to realized spatial configurations
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of habitat/landscape fragmentation (e.g., partial harvest and strip-cut settings; landscape configuration
associated with urbanization and agriculture)

SCOPE

This project comprises the biophysical research components of the Sustainability Solutions Initiative (SSI)
interdisciplinary research project, entitled “Protecting Natural Resources at the Community Scale: Using Population
Persistence of Vernal Pool Fauna as a Model System to Study Urbanization, Climate Change, and Forest Management.” In
addition, this project provides an extension of experimental work conducted as part of the Land-use Effects on Amphibian
Populations (LEAP) project at the University of Maine, Orono. Past LEAP studies have focused on experimental
landscapes (comprising both of different aged forest stands, as well as experimental arrays of clear-cut/contiguous forest
arrangements). The current project will expand beyond these experimental landscapes, to include other types of forest
management and land-use practices — including realized spatial configurations of habitat fragmentation on the
regional/Maine landscape (e.g., partial harvest and strip-cut settings; landscape configurations associated with urbanization
and agriculture).

For many amphibian species, the juvenile life stage represents the primary driver of gene flow and population
connectivity; however, there is a paucity of data on juvenile movement and emigration because direct tracking of this life
stage is hampered by (1) the relatively small size of juvenile metamorphs; and (2) uncertainty regarding upland habitat-use
during periods of juvenile emigration. Thus, this research focuses primarily on juvenile life stages for wood frogs
(Lithobates sylvaticus) and spotted salamanders (Ambystoma maculatum), with the possibility of expanding to adult stages
or other species. Using a variety of experimental and observational techniques, a focal intent of this project is to describe
juvenile amphibian breeding dispersal — or the process of emigration from natal pool to eventual breeding pool — using
annual-cycle approaches to studies of individual movement in order to document the relative importance of upland
environments for amphibian habitat-use. Pilot field studies in 2010 (spring/summer) aimed to document the habitat
permeability of different open-canopy habitats (hayfield, cornfield, forest clearcut, and lawns with varying % canopy cover)
to juvenile amphibian movements. Additional pilot field activities included site exploration and refinement of field
metholodologies for direct tracking of juvenile movements during upcoming field seasons (2011-2014).

PROJECT STATUS

The data required to meet pilot-season objectives were collected during the 2010 field season; statistical analyses are
ongoing. Our intent is to draft a paper for follow-up to Popescu and Hunter 2011 (“Clearcutting has a long-lasting effect on
habitat connectivity for a forest amphibian by decreasing permeability to juvenile movements,” in press; Ecological
Applications). Past work detailed the relative habitat permeability of different forestry treatments (contiguous forest, clear-
cut, 11-yr regeneration with chemical application, 20-yr natural regeneration) to juvenile dispersing wood frogs. In short,
our pilot-season experiment was conducted to assess habitat permeability of different open-canopy cover types to juvenile
dispersing wood frogs (L. sylvatica). During this pilot season, B.B. Cline assessed if other open-canopy habitats (e.g.,
hayfields, cornfields, forest clearcuts and lawn with varying % canopy cover) elicited a similar response by juvenile
dispersing amphibians. For example, does a lawn serve the same structural function as a forest clear-cut to a dispersing
juvenile amphibian, in terms of habitat permeability?

During the pilot season, we: (1) quantified the habitat permeability of four open-canopy landscape setting/treatments to
juvenile amphibian movements and dispersal (juvenile wood frogs; Lithobates sylvaticum ); (2) performed initial site
exploration in partial-cut harvests (2-5 year, spectrum of % canopy cover and stand conditions) for telemetry studies of
adult and juvenile wood frogs (L. sylvaticum) and spotted salamanders (Ambystoma maculatum) in upcoming field seasons;
and (3) investigated methodologies for direct tracking of juvenile wood frog (L. sylvaticum) breeding dispersal and upland
habitat use (2011 field season), with emphasis on harmonic radar technologies (research partnership with University of
Maine College of Engineering Dept. of Electrical and Computing; Dr.Nuri Emanetoglu, Assistant Professor).

FUTURE PLANS

Outcomes from these experiments will include a better understanding of the role that vertical habitat structure and %
canopy cover plays in shaping juvenile amphibian dispersal and movement patterns, with implications for amphibian
population connectivity in complex and fragmented landscapes. We will draft a paper for follow-up to Popescu and Hunter
2011 (in press; Ecological Applications). B.B.Cline will be conducting initial study-site exploration during fall 2010 — with
the aim of locating partial cuts (2-5 year, spectrum of % canopy cover and stand conditions) for telemetry studies of
juvenile wood frogs and spotted salamanders (e.g., studies of breeding dispersal and upland/terrestrial movement and
habitat use for upcoming field seasons, beginning in 2011).
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Predicting Water Clarity in Maine’s Lakes by Relating Field Collected Secchi Disk Transparency Depth and
Chlorophyll a Data with Satellite Imagery

Investigators: Ian McCullough

Advisor: C.S. Loftin, Co-chair
S.A. Sader, Co-chair
A.J.K. Calhoun
W. Halterman

Cooperators/ Project Maine Department Environmental Protection
Support: University of Maine — Department of Wildlife Ecology
USGS — Maine Cooperative Fish and Wildlife Research Unit.

Objectives: 1) Determine if Landsat data can reliably duplicate late water clarity assessment with Secchi
Depth and chlorophyll a data collected at selected lakes.

2)  Determine temporal frequency (went, how often) and spatial limitations (resolution, location)
of image collection for lake water clarity monitoring to complement field data collection
programs.

3) Retrospective analysis of Maine’s lake water clarity based on archived remote sensing data.

SCOPE

Maine’s abundant lakes are important to the state’s economy and the quality of living enjoyed by the state’s permanent
and seasonal residents. Maintaining quality of this resource is a priority of the state natural resource management agencies
as well as of interest to the public using the lakes. Monitoring lake water quality can be accomplished with an in situ
sampling program, however, only a small percentage of the state’s lakes are monitored annually owing in part to their
remoteness. In addition, temporal and spatial variations in lake condition can affect how representative a collected sample is
of the true lake condition. Sensors mounted on a satellite platform enable frequent remote collection of data to assess
environmental conditions over a large area. A variety of remote sensors have been used for many years to monitor a variety
of lake attributes, including lake water clarity, trophic status, and change in these conditions with watershed land use
change across a range of landscapes, lake sizes, and lake trophic conditions. There are caveats for using these remotely
acquired data as indicators of lake water quality condition; for example, relationships established in one area between lake
water clarity measured with Secchi disk depth and sensor reflectance recorded on a particular type and temporal series of
satellite imagery cannot be assumed to apply in another area without calibration in the area of interest across the range of
measured Secchi depth and reflectance data. Once relationships between Secchi disk and satellite imagery data are
calibrated however, archived data enable a spatially comprehensive assessment of recent lake conditions as well as an
opportunity for retrospective analysis of lake condition that can be compared to current as well as changing land conditions
in the lake watershed.

We will compile and compare a comprehensive data set of satellite imagery and available Secchi depth and chlorophyll
a data collected in Maine’s lakes to establish relationships between the remotely and locally collected data and identify
limitations of the remote sensing data for monitoring lake water clarity and trophic condition. We also will conduct a
retrospective assessment of Maine’s lake water clarity with archived Secchi depth and chlorophyll a data and satellite
imagery to identify trends in lake water clarity.

PROJECT STATUS

We have begun compiling satellite imagery and data spreadsheets provided by Maine DEP, and we are conducting
preliminary analysis of the data to determine a subset of lakes for our initial analyses.

FUTURE PLANS

Data compilation, satellite image selection, and data analyses will continue through 2010.
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WILDLIFE RESOURCES
Wild Turkey Crop Depredation on Wild Blueberry Fields in Maine
Investigators: J. A. Huebner

Advisor: F. A. Servello, Co-chair
D. E. Yarborough, Co-chair
F. A. Drummond

Cooperators/ Project University of Maine — Department of Plant, Soil, and Environmental Sciences. Wild Blueberry
Support: Commission of Maine
Maine Department of Inland Fisheries and Wildlife

Objectives: 4)  Determine the attitudes and beliefs of Maine’s commercial wild blueberry growers
concerning wild turkey and wildlife use and damage levels on blueberry farms.

5) Determine the diet of wild turkeys while feeding on blueberry farms.
6) Determine wild turkey behaviors and use of blueberry farms.

7)  Estimate rates of blueberry crop loss from wildlife and species responsible for blueberry
damage.

SCOPE

A reintroduction program has restored wild turkeys (Melagris gallopavo) to Maine in large numbers and the population
continues to increase and expand into northern and eastern regions of the state. While Maine state government and hunters
support an increasing population, agricultural producers have expressed concerns about crop damage. Wild blueberry
(Vaccinium angustifolium) growers in particular complain that wild turkeys are commonly on their farms and cause
significant crop damage. Growers report that wild turkeys eat berries, knock berries off stems as they walk through fields,
and damage plants when they scratch in search of food. The wild turkey’s conspicuous and gregarious diurnal behavior
makes them highly visible, which often results in farmers attributing crop damage from other wildlife species to wild
turkeys. Studies of wild turkey damage to corn, oats, and soybeans have found minimal to no damage and in general
problems are often less severe than. Impacts of wild turkeys on wild blueberry agriculture have not been studied.

Studies of bird damage on wild blueberry farms in Maine and New Hampshire pre-dated wild turkey reintroductions.
Additionally, recent interest in wild turkey introductions into neighboring Atlantic Canada provinces have raised similar
concerns by the wild blueberry industry in that region. Wild blueberries are a unique agrosystem and commercially
important to Maine and Atlantic Canadian providences. With over 66,600 ha in wild blueberry management, Maine and
Canada produced over 246 million pounds of blueberries in 2008. Under conventional practices, blueberry farms are
managed in a 2-year cycle of pruning that yields berries in alternate years. Many farms contain acres in both management
cycles, and field types have similar vegetative structure with the prune field lacking the obvious berry food source. Growers
indicate wild turkeys utilize both field types and during seasons in which berries are not ripe. Blueberry farm management
methods and topography characteristics create few visual obstructions providing excellent opportunities for viewing wild
turkeys. The goal of this study was to understand the effect wild turkey foraging and activity on wild blueberry farms.

PROJECT STATUS

All requirements for a Master’s degree were met in May 2010. The abstract of the thesis follows:

A highly successful reintroduction program has restored wild turkeys (Meleagris gallopavo) to Maine in large numbers
and wild blueberry (low sweet blueberry [Vaccinium angustfolium]) growers have increasingly expressed concern about
wild turkeys inhabiting their farms. The objectives of the present study were to determine the concerns and perceptions of
wild blueberry growers about wild turkeys, describe wild turkey activity and diet while using blueberry fields, and estimate
blueberry crop loss. In 2008 I sent a mail-in questionnaire about wild turkey and wildlife damage to all wild blueberry
growers in Maine. I studied wild turkey activity on four wild blueberry farms in Knox County, ME from mid-May through
July 2008 and 2009. I used an activity budget to describe behavior, and used fecal analysis and video recording to
document food items consumed. To estimate crop loss from wildlife I compared blueberry loss rates between open or
enclosed plots.

I modeled blueberry crop loss by wild turkey using results from the present study and the literature. Forty-two percent
of growers responded (n = 225) to the questionnaire, and most (76%) reported no or few benefits from wild turkeys on their
farms. Most (60%) growers were concerned with damage from wild turkeys. Deer (66%) was the species most commonly
indicated as causing damage. Growers were most concerned with wild turkeys eating blueberries (54%) and knocking
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blueberries off stems (44%). In general, concerns were shared by respondents in regions of the state both with and without
high wild turkey densities. Wild turkeys were present on blueberry fields 29% of total survey time (820 hours). Wild
turkeys used blueberry farms and spent greater proportions of survey time on fields during the pre-fruiting compared to the
fruiting season (2008: P =0.01, 2009: P < 0.001). Overall, wild turkeys spent approximately 50% of time in foraging
behaviors. On two sites, feeding behaviors were not different between seasons (Marrs Hill: P = 0.468, Clarry Hill: P =
0.861) or field types (Marrs Hill: P = 0.256), but there were yearly differences (Marrs Hill: P = 0.005, Clarry Hill: P <
0.001). Before blueberries ripened, other foods such as weedy vegetation comprised most (90%) of the foods used while in
blueberry fields. During the fruiting season, wild blueberries were 46% of the food items used. In both years the rate of
blueberry loss on plants did not differ between open and enclosed plots (2008: P =0.693, 2009: P = 0.498). Based on mean
estimates for model inputs from the present study and the observed mean flock size (n = 4), the “average” scenario for our
study sites resulted in a loss of 18.7 kg ($33.39) of wild blueberries by wild turkeys. This loss represented 0.05% of the
total crop for a 20 ha field. Experimental (enclosure) and modeling results were consistent. My results indicate that wild
blueberry crop losses by wild turkeys are relatively low. Better information on actual crop loss will be helpful to both wild
blueberry growers and wildlife managers.

Monitoring Seabird Behavior on a Coastal Maine Island: Developing Methods to Better Understand Potential
Effects of Marine Finfish Aquaculture on Seabird Breeding Colonies

Investigator: M. Parsons
Advisors: F. A. Servello, Co-chair
C. S. Loftin, Co-chair
J. Sowles
J. Gilbert
W. Halteman
Cooperators/ Maine Department of Marine Resources
Project Support: USGS — Maine Cooperative Fish and Wildlife Research Unit

Maine Agricultural and Forest Experiment Station
University of Maine — Department of Wildlife Ecology
USFWS — Maine Coastal Islands National Wildlife Refuge
Maine Aquaculture Innovation Center

Objectives: 1) Document activity patterns and behavior during nesting and brood-rearing for selected
seabird species to inform future studies about aquaculture-seabird interactions in Maine
2) Develop methods and techniques for monitoring selected seabird species to identify and
document effects of aquaculture-related disturbance.

SCOPE

There are no published studies of effects of aquaculture operations on seabird nesting islands in Maine or elsewhere.
There is a relatively large body of literature on effects of human activities, specifically research and monitoring, on seabird
behavior, however, these results are not directly applicable to aquaculture issues. Information on the “natural” patterns of
variability in seabird behaviors are needed to develop study designs for determining effects of aquaculture operations in
future studies. Traditional approaches using observers to study seabird behavior are not a good option because of logistical
and funding constraints and need to minimize the confounding of effects of investigator and aquaculture disturbance.
Remote monitoring tools (e.g., cameras, temperature sensors, movement monitoring) potentially provide a means to
increase sample replicates while minimizing human-caused disturbance. Our study combines active observer and passive
recording to document seabird activity on selected coastal islands during the nesting and brood-rearing periods.

We studied behaviors of four species of seabirds, Black Guillemots (Cepphus grylle), Common Eiders (Somateria
mollissima), Herring Gulls (Larus argentatus) and Great Black-backed Gulls (Larus marinus) nesting on Jordan’s Delight
Island, Washington Co., Maine. We used a combination of temperature loggers, time-lapse cameras, and motion activated
cameras to measure nest attendance of gulls and eiders and colony attendance of guillemots and gulls. We also conducted
over 200 hours of observations to evaluate the utility of the remote monitoring equipment for detecting disturbance events
and documenting typical disturbance regimens for this island. We will quantify the behavioral responses to different types
of disturbances to help predict how birds will react to aquaculture activity and make recommendations on effective
monitoring methods for assessing effects of an aquaculture facility placed near a breeding island. We also are developing
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methods to automate counts of flying gulls captured on digital photographs to improve efficiency of camera based
monitoring.

STATUS

We have completed two field seasons of monitoring selected seabird species on Jordan's Delight Island. Data analysis
is ongoing and will be completed by mid-2010.

FUTURE PLANS

A Master of Science thesis is expected to be completed in 2010.

Priority Sites for Chilean Wetlands Conservation

Investigator: P. A. Palacios
Adyvisors: M. L. Hunter Jr., Co-chair
A. J. K. Calhoun, Co-chair
J. Swenson
Cooperators/ Fulbright
Project Support: Centro de Ecologia Aplicada and CONAMA (National Environment Commission)
Objectives: 1)  Assess the vulnerability, condition and irreplaceability of Chilean wetlands remotely based

on biological and physical information, and human demography.

2)  Combine information about condition and vulnerability to identify those wetlands that
should be targeted for conservation in three political regions that are representative of the
major geographical areas of the country.

3) Compare the above results, by political region, to the more subjective process conducted by
CONAMA.

SCOPE

The goal of my research is to identify priority areas for wetland conservation in Chile, using a Geographical Information
System (GIS) to as a tool to analyze threats and condition of these areas. Previously, priority areas for wetland conservation
in Chile have been selected based solely on expert opinion. I will use GIS to combine layers of digital information about
Chilean wetland types distribution with information about vulnerability and condition, to find areas that should be
prioritized for wetland conservation in three political regions of Chile (one northern, one central and one southern). These
maps will be systematically compared to the conservation priority areamaps developed by the Chilean National
Environment Commission, using expert opinion methodology.

PROJECT STATUS

Analyses are underway. The results of the classification for Chilean wetlands are published at the National System of
Environmental Information website: http://www.sinia.cl/1292/articles-41115 recurso_1.pdf

FUTURE PLANS

Identify priority areas for wetland conservation.

Amphibian Communities Associated with Fishless Lake Environments in Maine

Investigators: A. Shearin

Advisors: C.S. Loftin, Co-chair
A. J. K. Calhoun, Co-chair
W. Glanz
W. Halteman

K. Simon
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Project Support Maine Department of Inland Fisheries and Wildlife
University of Maine - Department of Wildlife Ecology
USGS - Maine Cooperative Fish and Wildlife Research Unit

Objectives: 1)  Characterize amphibian communities of fishless and fish-containing lakes in Maine.
2) Determine if egg mass morphology and oviposition affect Ambystoma maculatum resistance
to predation.
3) Determine effects of fishless lake, fish-containing lake, and vernal pool predators on
survival of Ambystoma maculatum eggs and larvae.
4)  Determine fitness of adult Ambystoma maculatum adults breeding in vernal pools, fishless
lakes, and fish-containing lakes.

SCOPE

Lakes in Maine with natural and stocked fish populations support invertebrate communities that differ from those
naturally without fish. The introduction of fish to historically fishless lakes also may affect the amphibian species that
reside, breed, or feed in these water bodies. Introduced fish may affect amphibian species abundance and composition by
changing food resources, eating the amphibians, eating aquatic insects that prey on amphibians, and by altering amphibian
breeding and refuge sites. Amphibian species that are palatable to fish, for example, may be consumed by fish or may
avoid fish by altering their movements in the landscape to locate alternative fishless sites. Lakes stocked with fish may
become biological sinks for amphibian populations that continue to use the water bodies for egg-laying in spite of the
presence of fish, resulting in their offspring, or the adults themselves, being consumed by fish. It is not clear whether there
are mechanisms in naturally fishless lakes stocked with fish that allow amphibians to persist in these modified
environments. Habitat characteristics such as structural complexity and egg laying sites as well as characteristics of eggs
masses may affect breeding success in these permanent water bodies. Through this study, we hope to identify
characteristics of Ambystoma maculatum (spotted salamander) egg masses occurring in fishless and fish-containing lakes
and adjacent vernal pools and features of these habitats that make them suitable or unsuitable habitat for this species.
Furthermore, we will determine if amphibian community composition differs among fishless and fish-containing lakes.

PROJECT STATUS

Fishless and fish-containing lake pairs in Downeast Maine were surveyed for amphibian occurrence with audio, visual,
and trapping surveys in 2007 and 2008. Associated vernal pools were surveyed in 2008 and 2009. Adult 4. maculatum
fitness characteristics were measured in spring 2009. Field and lab experiments examining the effects of fish and
invertebrate predators on 4. maculatum egg masses and larvae were completed in summer 2009. Vegetation and substrate
surveys for all lakes and vernal pools were completed in summer 2009.

FUTURE PLANS

Data analysis and synthesis is currently underway with the dissertation expected to be completed in December 2011.

Considering Water Quality and Mercury Effects on Amphibians In Vernal Pools: A Pilot Study In Acadia National
Park, Maine

Investigators: C.S. Loftin
A K. Calhoun
S.J. Nelson
K. Simon
A. Elskus

Project Support Maine Department of Inland Fisheries and Wildlife
University of Maine — Department of Wildlife Ecology
USGS - Maine Cooperative Fish and Wildlife Research Unit

Objectives: 1)  Describe the water chemistry of short-hydroperiod amphibian breeding pools.
2)  Characterize relationships among vernal pool chemical and physical environments (e.g.,
pool substrate, forest cover type, size, hydroperiod).
3) Document the presence and bioaccumulation of Hg in vernal pool food webs.
4)  Identify relationships between the vernal pool chemical environment and amphibian
developmental condition.
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SCOPE

Vernal pools are a unique wetland type at tremendous risk due to habitat degradation and loss, a situation that has
triggered recent legislation in Maine aimed at vernal pool conservation. Vernal pools host a diversity of biota (e.g., wood
frogs [Rana sylvatica), ambystomatid salamanders [Ambystoma spp.], fairy shrimp [Eubranchipus spp.]) adapted to larval
development in temporary waters, but these wetlands are endangered by a subtle threat to their function: non-point source
pollution. Our study examines one such potential “invisible” risk in Acadia National Park (ANP), Maine: the role of
mercury (Hg) in the broader context of vernal pool water chemistry and its effects on amphibian larval development. Our
overarching goal is to understand the vernal pool chemical environment, the transport of Hg through vernal pool biota, the
linkages between food web structure and Hg concentration in biota, and the potential toxicity of Hg to amphibians in vernal
pools of the northeastern U.S. where atmospheric deposition of Hg is a well-documented phenomenon.

We will characterize the chemical environment (including Hg) of short-hydroperiod vernal pools in ANP, including
potentially large Hg contributions from snow and seasonal snow melt. Changes in Hg concentrations in the water, leaf
litter, biofilm, sediment, and developing embryos and larvae will be determined over time Developmental abnormalities in
amphibian embryos and larvae and time-to-metamorphosis will be related to vernal pool chemistry. This exploratory
research project will contribute to our knowledge about relationships between chemistry and biology in pool environments
and will lead to refined hypotheses for future studies about potential synergistic interactions of the vernal pool chemical
environment. This information could be applied to regions outside the Park to aid in conservation of pools with risks of
chemical pollution due to physical setting or pool chemistry.

STATUS

The research project is complete. The abstract from a journal-submitted manuscript follows:

Seasonal woodland pools are a unique wetland type at tremendous risk due to habitat degradation and loss. In the
northeastern United States these wetlands provide primary breeding habitat for wood frogs (Lithobates sylvaticus) and
ambystomatid salamanders (4mbystoma spp.), which are adapted to larval development in temporary waters, and fairy
shrimp (Eubranchipus spp.), which complete their entire life cycle in seasonal pools. Current conservation measures for
seasonal pools focus on protection from habitat loss and conversion; however, additional stressors such as non-point source
pollution and disease are emerging concerns for this habitat type. We documented total mercury (Hg) concentrations in
pools in Acadia National Park (ANP), Maine, USA, where atmospheric deposition of Hg to the environment is well-
documented, to determine if Hg is bioaccumulated by wood frogs and potentially transported into the terrestrial food chain
through amphibian emigration from pools. The pools we chose were in regions of ANP with different landscape features
reflecting contrasting burn histories. We characterized the chemical environment (including total Hg) of pool water, upland
and pool litter, and sediment to 2 cm depth in four short-hydroperiod (ice-free to dry down ranging 3-9 weeks) seasonal
woodland pools in ANP during April-June 2008 with a final sampling when the pools refilled in October. Total Hg
concentration in water in all pools increased steadily from early April through June.

All pools dried by late June and refilled in October, when total Hg in water in pools in the unburned region was at or
exceeded June concentrations, whereas, total Hg in water in pools in the burned region was at levels measured at April ice-
out. There were no strong temporal patterns in upland and wetland litter total Hg, whereas, sediment total Hg was greatest
at pool dry down. Total Hg concentrations measured in wood frog embryos [Gosner Stage (GS) 3-21] collected within 1-2
weeks of egg deposition (mid-April) were near or below detection limits (<0.2 ng; 0-0.49 ppb). Concentrations increased to
17.1-54.2 ppb in tadpoles (GS 24-36) at final collection in early to mid-June when pools were nearly dry. Methyl Hg
comprised 6.5-42.0% of total Hg in wood frog tadpoles collected when pools were nearly dry in our study, comparable to
the proportion of total hg that is methyl Hg in 2-3 year old green frog and bullfrog tadpoles collected in permanent water
bodies in nearby watersheds (Bank et al. 2007). These concentrations are comparable to total Hg concentrations previously
measured in ANP in one to three year old green frog (L. clamitans) and bullfrog (L. catesbeiana) tadpoles. We did not
visually detect (at 10X) developmental abnormalities in amphibian embryos and larvae. The pools dried before tadpole
metamorphosis, precluding measurement of Hg transport via metamorphs emigrating into the adjacent forest. Pool water
total Hg, pH, and DOC clearly differed between pools in hardwood and softwood settings, with softwood sites having
greater pool water total Hg and DOC and lower pH. However, total Hg concentrations in tadpoles did not clearly reflect
differences in pool conditions or landscape setting. The relatively rapid bioaccumulation of total Hg in the developing
larvae suggests that wood frog metamorphs could be potential vectors of Hg bioaccumulated in wetlands into terrestrial
food webs.
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Breeding and Terrestrial Habitat Requirements of the Eastern Spadefoot (Scaphiopus Holbrookii) and Pure-Diploid
Blue-Spotted Salamander (Ambystoma Laterale) in Eastern Connecticut

Investigators: Kevin J. Ryan
Advisor: A.J.K. Calhoun, Chair
Committee: M.W. Klemens
J. Zydlewski
B. Timm
Mac Hunter
Project Support: Lowe’s Home Centers, Inc.

University of Maine: Department of Wildlife Ecology
NSF EpScor Sustainability Solutions Initiative.

Objectives: 1) Document terrestrial habitat movements of adult eastern spadefoot toads and blue-spotted

salamanders to and from breeding wetlands.

2)  Document breeding philopatry.

3) Identify movement patterns of adults/juveniles to and from breeding wetlands (immigration
and emigration orientation).

4)  Quantify juvenile recruitment.

5) Document non-breeding habitat use and home-range size of both juveniles and adults.

6) Estimate breeding population size.

7) Describe eastern spadefoot burrowing ecology.

SCOPE

The research will provide valuable information on two New York and Connecticut State-listed species, the eastern
spadefoot (Scaphiopus holbrookii) (Special Concern and Endangered, respectively) and the pure-diploid blue-spotted
salamander (dmbystoma laterale) (Special Concern and Threatened, respectively). Both species merit scientific
investigation as information on the terrestrial ecology of both animals is sparse. Our results will help to determine best
management practices for mitigation of developments affecting habitat for these and other pool-breeding species that
depend on adjacent terrestrial habitats for the majority of their lives.

A review of the literature on spadefoots yielded numerous publications on the species dating back to the late-1800s.
Most early accounts document their characteristic explosive breeding events which are now known not to occur on a
rhythmic, annual basis. These early accounts also characterized the curious fossorial nature of these animals as well as the
amazingly rapid development of their tadpoles. A small number of papers in the 1940s and 50s began to take a closer look
at spadefoots the most comprehensive being written by Pearson (1955). Since Pearson, numerous papers have been
published regarding various aspects of spadefoot life history, however the majority of studies on the eastern spadefoot (the
only spadefoot species east of the Mississippi River) have been based in the South, where the animals are much more
commonly encountered than in more northern latitudes; few, if any, studies have focused on northern populations. In New
England, eastern spadefoot populations are particularly localized, usually being found at scattered sites in river valleys at
elevations below 200 feet. These types of habitats also are preferred sites for human habitation, and many of these already
localized populations have been extirpated due to urban/suburban development.

Data on eastern spadefoot ecology are sparse, and considerably less exist on the blue-spotted salamander, especially the
rarer pure-diploid populations. The vast majority of published material pertains to the hybridization of the blue-spotted
salamander with its close relative, the Jefferson salamander (Ambystoma jeffersonianum), which produces populations
consisting of a wide array of genetic combinations (up to genetic pentaploids). These populations consist almost entirely of
females, which are capable of reproducing gynogenetically (sperm fertilizes an ovum, but does not contribute genetic
material). In southern New England, hybrid populations are far more abundant than populations of genetically-pure parental
species. Previous studies working with either “bluespots” or “Jeffersons” recognize that hybrids exist, however make no
attempt to describe their ecology based on the actual genetic makeup of the populations. Karyotyping previously conducted
by Klemens indicate that the populations of blue-spotted salamanders at our project sites in eastern CT are genetically-pure.
We know of no published information on the ecology and terrestrial habitat needs of blue spotted-salamanders, an
important vernal pool species throughout New England and Atlantic Canada. Data on its non-breeding habitat are directly
applicable to management of vernal pool habitats to ensure long-term viability of pool-breeding species.

PROJECT STATUS
For this project there are two study sites (Lowes and Shinkiewicz). During spring, summer and fall of 2008 we installed
410 pit-fall traps (connected by just over two kilometers of silt fence) at Shinkiewicz in a fashion that compartmentalizes



39

the different habitat types present, allowing us to inventory amphibian species present, their breeding population sizes, and
their movement patterns. Pit-fall traps were repaired, modified, and reinstalled at Lowe. Trap installation began after the
onset of amphibian migration, therefore the first field season served as a pilot investigation to collect preliminary pit-fall
trapping data and test data collection methods to be used during the following field season (2009).

2009 served as the first full season of data collection. The 410 individual pitfall traps at Shinkiewicz have been in
operation since late February; the 127 traps at Lowe have been in operation since mid-May. Pitfall traps are scheduled to
be closed just after hibernation in November. All breeding blue-spotted salamanders captured exiting breeding wetlands at
Shinkiewicz (n=239) were implanted with Passive Integrated Transponders (PIT tags). Ten of these salamanders were
implanted with radio-transmitters and subsequently tracked. A total of six eastern spadefoots at Shinkiewicz and ten at
Lowe were implanted with radio-transmitters and subsequently tracked. Pit-fall trapping at both sites was supplemented by
nocturnal searches during rain events on the roads surrounding and on the grounds of the field sites. A third field season in
2010 was completed.

FUTURE PLANS
Additional data collection will continue during 2011. The project is scheduled to be completed in 2012.

Genetic Structure of Clayton’s Copper Butterfly (Lycaena dorcas claytoni) Metapopulation and Analysis of
Butterfly-Host Plant Attraction

Investigator: C.L. Michaud
Advisors: J.M. Rhymer, Chair
F.A. Drummond
C.S. Loftin
W. Halteman
Cooperators/ Maine Outdoor Heritage Fund
Project Support: Maine Department of Inland Fisheries and Wildlife

U.S. Fish and Wildlife Service
The Nature Conservancy
American Philosophical Society

Objectives: 1)  Analyze genetic structure of Clayton’s copper butterfly populations with nuclear DNA loci
[microsatellites and single nucleotide polymorphisms (SNPs)].

2)  Gather basic behavioral and developmental data to better understand general life history and
developmental requirements of Clayton’s copper.

SCOPE

Clayton’s copper butterfly (Lycaena dorcas claytoni Brower) was identified and described as a subspecies of Dorcas
copper (L. d. dorcas) at 11 sites in Maine in 1940. It was listed as endangered in Maine in 1997, based on its restricted
range, current presence at only 8 sites statewide, abundance at only 1-2 sites, and its occurrence in an uncommon habitat
type (circumneutral fens with its host plant shrubby cinquefoil, Dasiphora fruticosa). Although additional apparently
suitable habitat is available, Clayton’s copper’s distribution is restricted to certain cinquefoil patches. In order to manage
populations of this rare invertebrate, more information must be gathered concerning population structure, dispersal patterns
among sites, and habitat requirements.

Microsatellite DNA analysis will be used to measure genetic diversity within the metapopulation, and estimates of
relatedness and dispersal among subpopulations will be calculated. Population genetics analyses will be used to elucidate
patterns of diversity, dispersal, and connectivity throughout the range of Clayton’s copper in Maine. Information on
diversity and dispersal behavior will aid managers in determining which populations are most robust, which populations are
connected or isolated, and which populations are most unique.

An understanding of what constitutes optimum host plant conditions will also be investigated, by attempting to identify
key host plant parameters that affect fine-scale larval distribution. Insight into what constitutes suitable host plant
conditions will also aid in habitat management. Such information is paramount to maintaining the suitability of current sites
and ensuring longevity of this native butterfly population in Maine.
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PROJECT STATUS

Over the course of the 2009 and 2010 flight seasons, a total of 326 adults were collected; representing each of the 8
known Clayton’s copper populations. DNA was extracted from each sample and is available for genetic assays. Currently,
278 L. d. claytoni samples have been genotyped at 5 microsatellite loci. An assay for a sixth locus is being developed, with
the goal of testing approximately 300 individuals at 6 microsatellite loci. Preliminary analyses indicate the presence of three
geographically distinct genetic clusters within the L. d. claytoni range. Further spatial and temporal analyses will be
conducted on the complete multi-year, multi-site genetic dataset.

Larval and adult behaviors were observed in the field in 2009 and 2010, and shrubs with larval or ovipositioning
activities were flagged for future studies. Temperature loggers were placed on shrubs where larvae were observed in 2009
and 2010, to measure ground and air temperatures throughout larval feeding, pupation, and the adult flight season. During
the 2010 field season, larval surveys were conducted at Dwinal Wildlife Management Area (WMA), Holt Pond, and
Woodland Bog, yielding 63 larval observations. For each observation, measurements of the selected host plant were
collected, as well as data such as distance from the water’s edge and orientation from existing transects. Multiple statistical
approaches may be used to evaluate and model the effects of host plant characteristics on larval distribution. Currently, data
from the 2010 field season is being analyzed for preliminary correlations between larval presence and the parameters
measured.

Twenty-three larvae were collected from Dwinal WMA for laboratory rearing in 2009, and an additional 30 larvae were
collected and reared during the 2010 field season. Observational data from the lab colony will allow for a greater
understanding of the life cycle of Clayton’s copper. Approximately 30 eggs were collected from the lab colony in 2010 and
will be overwintered in an attempt to establish an independent lab colony in the future.

FUTURE PLANS

Continued genetic and metapopulation structure analyses of Clayton’s copper butterflies within Maine, using an
expanded dataset representing all 8 subpopulations. Distinct genetic clusters and dispersal patterns will be identified using
multiple population genetics approaches. Landscape genetics may be used to correlate genetic trends with geographic
features and dispersal patterns. Data from larval surveys will be analyzed for correlations with environmental variables and
host plant characteristics. Using these data, an attempt to create a model of factors affecting fine-scale larval distribution
will be pursued. A laboratory colony of Clayton’s copper butterflies may be established from eggs collected in 2010 and
used to observe developmental rates, and for feeding and oviposition preference experiments. The combination of these
analyses will provide managers information on the life cycle, habitat requirements, and movements of L. d. claytoni in
Maine.

Spatial Responses of Canada Lynx to Changing Hare Densities

Investigator: David Mallett
Advisors: A K. Full er Co-chair
D.J. Harrison Co-chair
R.S. Seymour
J.H. Vashon (ex-officio)
Cooperators/ University of Maine — MclIntire-Stennis
Project Support: Maine Cooperative Forestry Research Unit

University of Maine — Department of Wildlife Ecology
Maine Department of Inland Fisheries and Wildlife

Objective: 1) To evaluate if habitat choices by lynx are different at low vs. high hare densities.
2) To evaluate how changing hare densities affect spatial requirements and extent of spatial
overlap among adjacent lynx.
3) To understand how variability and distribution of conifer stem density within a stand
influences snowshoe hare density at the stand-scale and the distribution of hare pellets
within stands.

SCOPE

Canada lynx (Lynx canadensis) have been listed as federally threatened under the Endangered Species Act since 2000.
In response to this listing there has been increased interest in conducting research on lynx and their primary prey species,
the snowshoe hare (Lepus americanus). Lynx and hares are linked in their population dynamics, survival, and habitat
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requirements. Lynx are a specialist predator of the snowshoe hare and their population cycle closely lags the snowshoe
hare population cycle. Changes or fluctuations in the hare cycle will influence lynx behavior and ecology. During periods
of lower hare abundance, lynx may be forced to alter aspects of their spatial ecology to survive. For example, habitat
selection, home range area, recruitment, and territorial overlap may change as lynx adjust to declining numbers of prey.
Some of these relationships have been studied in the northern portion of their range within boreal forests where hares
exhibit much more widely fluctuating dynamics than have been documented within the Acadian forest region.

The largest population of lynx in the contiguous U.S. occurs in Maine. One of the largest factors influencing the type
and amount of habitat available for both hares and lynx is timber harvesting. Prior to the Maine Forest Practices Act in
1989, large clearcuts were a common form of timber harvest. Previous research has indicated that 15-40 years following
overstory removal and subsequent herbicide application to reduce deciduous competition, clearcuts typically regenerate to
> 8000 conifer saplings/ ha, which is associated with the highest hare densities relative to other harvest-generated or
naturally occurring stand-types. However, partial harvests have become the dominant form of timber harvesting in recent
years, thus reducing the extent of regenerating conifer-dominated clearcut stands. This reduction in the amount of high
quality hare habitat could contribute to lower landscape-scale hare densities, which could reduce future habitat quality for
lynx in Maine.

This project is contributing to long-term investigations conducted by the University of Maine and the Maine
Department of Inland Fisheries and Wildlife (MDIFW) focusing on lynx spatial ecology and lynx and hare habitat
relationships. Previous research has focused on lynx spatial ecology during a period of high hare density, as well as the
influence of timber harvesting and other changes in vegetation structure on snowshoe hare habitat. This study will focus on
how a declining hare density will influence lynx spatial ecology by comparing habitat selection, home range composition,
overlap of home ranges, and recruitment between high and declining hare density. To assist in the interpretation of spatial
data collected using both VHF and GPS telemetry of radio collared lynx study is also focusing on evaluating the location
attempt fix success and location error of GPS collars worn by lynx.

PROJECT STATUS

We continue to monitor hare density by conducting biannual fecal pellets counts in stands representing two types of
timber harvests, including regenerating conifer clearcuts (since 2001) and in partially harvested stands (since 2005), as well
as in two types of mature softwood-dominated and deciduous-dominated forest habitat (since 2008). In an effort to study
lynx in Maine the MDIFW has been capturing and radio-collaring lynx since 1999 as part of a long term monitoring
project. Capture efforts have ceased as of fall 2010 and all GPS collars have been recovered with the exception of the
collars worn by 2 females. Location data downloaded from collars will be used to construct home ranges and to determine
habitat selection. Another aspect of the MDIFW effort involves locating dens of females with kittens in June, as well as
backtracking females in the winter to determine the presence and number of kittens. This effort ceased in 2010, all data has
been collected, and will be used in future analyses.

Field work for testing GPS collars was completed in February 2010. Two brands of collars were tested, Lotek and
Sirtrack, and were tested during a leaf-on and leaf-off season. Fix success differed across habitat types during the leaf-on
season (P <0.001) with Lotek and Sirtrack having 87% and 80% fix success rates, respectively. In the leaf-off season
habitats did not differ (P=0.123) and Lotek and Sirtrack had 95% and 100% fix success rates, respectively. Location error
differed across habitat classes for Lotek (P<0.006) with an average error of 20.5 meters in the leaf-on season and 14 meters
in the leaf-off season. Sirtrack collars did not differ across habitat classes and had an average error of 15 meters in the leaf-
on season and 11.8 meters in the leaf-off season. Additionally, I used an information-theoretic approach and discovered
that canopy cover was the most influential variable during both seasons.

FUTURE PLANS

Analysis of VHF and GPS location data from lynx is currently being analyzed to construct lynx home ranges during the
periods of high and declining snowshoe hare density. Additionally, I will be updating a landcover map developed by the
MDIFW for lynx habitat selection analysis, to include timber harvests that have occurred since 2002. Writing of the thesis
will continue during the fall semester of 2010 and defense of the thesis is planned for December 2010.

Unforeseen Consequences of Urbanization: Lyme Disease Risk in the Big Apple
Investigator: Kyle Ravana
Advisors: C.E. Burns, Co-Chair

M.L. Hunter, Co-chair
C. Loftin
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Cooperators/ Earthwatch Institute — Non-profit Organization
Project Support: Wild Metro — Non-profit Organization
Objective: 1) To estimate Lyme disease risk at each study site by quantifying the abundance of scapularis

nymphs and the relative abundance of small mammal host species.
2)  Present forest cover surrounding the parks at buffer distances of one and five kilometers
3)  Vegetation composition within the suite of parks
4)  Human Density around the parks, and to
5)  Estimate Lyme disease risk at each study site by quantifying the abundance of scapularis
nymphs and the relative abundance of small mammal host species.

SCOPE

Since its identification in 1982, B. burgdorferi has become one of the most common zoonotic pathogens in the United
States, infecting approximately 20,000 people annually with Lyme disease. The vector of B. burgdorferi in the northeast
region is the black-legged tick (Ixodes scapularis). I. scapularis is found in close association with its primary host species,
which it depends on for blood meals during each life stage. These hosts are commonly generalist species such as the white-
footed mouse (Peromyscus leucopus), eastern chipmunk (Tamias striatus), and white-tailed deer (Odocoileus virginianus),
which are often found in high numbers in suburban and/or urban environments. Because B. burgdorferi is not transmitted
vertically in I scapularis, these hosts (in particular P. leucopus) are instrumental in the maintenance of the spirochete and
hence the disease.

Lowered host species richness coupled with an increase in density of some generalist species (e.g. P. leucopus) in
fragmented, urbanized habitats, may increase the rate of transmission of B. burgdorferi from intermediate host to vector,
and from vector to human, by increasing the densities of highly competent reservoirs. Furthermore, densities of I. scapularis
have been shown to be higher in areas with small patch size (i.e. areas with increasing fragmentation), a characteristic of
urbanizing landscapes, which may result in an increased risk of Lyme disease.

My thesis research will analyze how Lyme disease risk changes along an urban-rural gradient, with the goal of
providing information that will be useful in understanding and mitigating the risks of this increasingly common disease.

PROJECT STATUS

Data collection was completed during the summer of 2010. Data analysis is currently in progress.

FUTURE PLANS
Project completion is planned for May 2011.

PUBLICATIONS, THESES AND DISSERTATIONS, PROFESSIONAL AND PUBLIC
PRESENTATIONS, AND AWARDS
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Blomquist, S.M. and M.L.Hunter, Jr. 2009. A multi-scale assessment of habitat selection and movement patterns by
Northern Leopard Frogs (Lithobates [Rana] pipiens) in a managed forest. Herpetological Conservation and
Biology 4:142-160.
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management on amphibian populations: understanding mechanisms from forest experiments. Bioscience 59:853-
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Schilling, E.G., C.S. Loftin, and A.D. Huryn. 2009. Effects of introduced fish on native macroinvertebrate communities in
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circumneutral fens supporting Shrubby Cinquefoil (Dasiphora fruticosa), host plant of the state-endangered
Clayton’s Copper butterfly (Lycaena dorcas claytoni). Maine Water Conference, Augusta, ME. March 17, 2010.

Fuller, A.K., D.J. Harrison, B.J. Hearn, and J. A. Hepinstall spatial responses to habitat loss in two populations of forest
martens. Paper presented at Sth International Martes Symposium — Biology and Conservation of Martens: a New
Synthesis, Seattle, WA. September 10, 2010.

Fuller, A.K., D.J. Harrison, and W.B. Krohn. Applications of habitat modelling for wildlife umbrella species to landscape
planning on commercial forestlands. Presentation at meeting of Maine Cooperative Forestry Research Unit.
Orono, ME. April 14, 2010.

Gardner, C., S. M. Coghlan Jr., and J. Zydlewski. 2010. Monitoring changes in resident and anadromous fish communities
in Sedgeunkedunk stream after barrier removal. Presented at the Atlantic Salmon and Their Ecosystems research
forum, Orono, ME. Jan. 6-7, 2010.

Gilbert, J. Northeast Regional Stranding Conference. Status of seals on the East Coast. International abstract and poster: An
increase in the number of gray deal (Halichoerus grypus) pups observed in U.S. waters between 1994 and 2008:
Re-establishment of former pupping sites. By Stephanie Wood and others, including J. Gilbert. Biennial
Conference of Society of Marine Mamalogy. Quebec City, Canada October 12, 2009.

Guyette, M., Loftin, C., Zydlewski, J. Effects of marine-derived nutrients on water chemistry and macroinvertebrates in
Atlantic salmon nursery streams in the Penobscot River watershed, Maine. ASLO-NABS. Santa Fe, NM. June 8,
2010.

Harrison, D. J., E. M. Simons, and W. B. Krohn. Habitat changes for wildlife umbrella species: implication for landscape
conservation strategies in northern Maine. Invited presentation to northern Appalachians landscape conservation
committee, The Nature Conservancy, Brunswick, Maine. May 21, 2009.

Harrison, D. J. Forest, forest mustelids, and forest fragmentation: what happens when mammals don’t read? Invited
presentation at Symposium on Behavioural Ecology of Mammals, W. M. Keck Center for Behavioural Ecology,
North Carolina State University. September 4, 2009.

Harrison, D. J. and B. J. Hearn. Ecological comparisons of home-range characteristics of American martens in
Newfoundland and Maine: why are home-range of threatened Newfoundland martens so large? Paper presented at
5th International Martes Symposium-Biology and Conservation of martens: a New Synthesis, Seattle, Washington.
September 10, 2009.

Harrison, D.J., E. Simons, A. Whitman, and J. Wilson. Quantifying biodiversity values across managed landscapes in
northern and western Maine. Presentation to the Maine Cooperative Forestry Research Unit. Mars Hill, ME.
October 28, 20009.

Harrison D. J. and A. K. Fuller. Ecology of white-tailed deer in Acadia National Park: Results from research conducted at
The University of Maine. Presentation to resource management staff, Acadia National Park, Bar Harbor, ME.
November 6, 2009.

Harrison, D., W. Krohn, and S. Scott. Snowshoe hares, forestry and Canada lynx: A dynamic interaction. Paper presented at
lessons from the past- research for the Future: A CFRU-Sponsored Research Forum, Orono, ME. May 20, 2010.
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Harrison, D. J. and W.B. Krohn. On-going research efforts to link landscape conservation with wildlife habitat planning on
commercial forestlands in northern Maine. Invited presentation to directors of resource conservation, wildlife, and
planning, Maine Department of Inland Fisheries and Wildlife, Augusta, ME. June 15, 2010.

Harrison, D., W. Krohn, and S. Scott. Spatio-temporal relationships of snowshoe hare populations to forest harvesting,
succession, and natural population cycles: implications for forest managers. Final project report presentation to
Maine Cooperative Forestry Research Unit, Orono, ME. January 27, 2010.

Hogg, R., S. M. Coghlan Jr., S. A. Ratten, C. Gardner, J. Zydlewski, and K. Simon. 2010. Barrier removal in
Sedgeunkedunk stream: sea lamprey colonization and implications for salmon habitat restoration. Presented at the
Atlantic Salmon and Their Ecosystems research forum, Orono, ME. January 27, 2010.

Hunter, M. Amphibians and forestry: a 19-year retrospective from Maine. University of Connecticut. January 28, 2010

Hunter, M.L. Managing highly dynamic forests for biodiversity. Keynote address to IUFRO (International Union of
Forestry Research Organizations) conference in Braganca Portugal. September 24, 2010

Jansujwicz, J., R. Lilieholm, and A.J.K. Calhoun. 2010. Cooperation and Natural Resource Management: Community-
Based Vernal Pool Conservation Planning in Maine, USA. 16th International Symposium for Society and
Resource Management. Corpus Christi, TX. June 9, 2010.

Jansujwicz, J., A.J.K. Calhoun, and R. Lilieholm. 2010. Cooperation and Natural Resource Management: Community-
Based Vernal Pool Conservation Planning in Maine, USA (poster). International Congress for Conservation
Biology. Edmonton, Canada. July 5, 2010.

Knurek, E., F. A. Drummond and J. M. Rhymer. 2010. Taxonomic status of Clayton’s copper butterfly (Lycaena dorcas
claytoni): subspecies or clinal variation? International Conference on the Biology of Butterflies, University of
Alberta, Edmonton. Alberta, Canada. July 1, 2010.

Krohn, W.B. Understanding species-habitat relationships: the importance of a long-term perspective. Invited lecture in
WLE 650, Wildlife Habitat Relationships, University of Maine. February 25, 2010.

Loftin, C.S., A.J.K Calhoun, S. Nelson, A. Elskus, and K. Simon. 2010. Does mercury bioaccumulate ion amphibians
developing in vernal pools? Eastern region meeting of the Geological Society of America: session entitled
Mercury in the environment, Maine to Florida. Baltimore, MD. March 13-16, 2010.

Mallet, D. G., D. J. Harrison, and A. K. Fuller. Variable fix success of GPS collars across habitats used by Canada lynx:
influences of habitat structure, topography, and satellite configuration. Paper presented at 66th Annual Northeast
Fish and Wildlife Conference, Newton, MA. April 27, 2010.

Michaud, C. and J. Rhymer. 2010. Metapopulation structure and genetic diversity of the endangered Clayton's copper
butterfly. International Conference for Conservation Biology. Edmonton, AB, Canada. July 4, 2010

Parsons, M. C.S. Loftin, and F. Servello. 2010. Remotely monitoring seabird responses to disturbance by avian predators,
boats and observers during the breeding season. The Wilson Ornithological Society 2010 Annual Meeting.
Geneva, NY. May 23, 2010.

Parsons, M., C.S. Loftin, and F. Servello. Comparing colony attendance to incubation constancy in the presence of
disturbance: methods for remotely monitoring gull activity. World Seabird Conference, Victoria, British
Columbia, Canada, September 7-11, 2010.

Popescu, V.D. and J.P. Gibbs. Interactions between climate, beaver activity, and pond occupancy by the cold-adapted mink
frog in NY State. 66th Annual Northeast Fish and Wildlife Conference, Boston, MA. April 25,2010

Popescu, V.D. Forest succession and amphibian migration: implications for landscape connectivity. College of Natural
Sciences, Forestry and Agriculture Graduate Student Awards Competition, University of Maine, Orono, February
15,2010

Popescu, V.D. and M.L. Hunter. Forest succession and amphibian migration: implications for landscape connectivity. 24th
International Congress for Conservation Biology, Edmonton, Canada, July 5, 2010.

Rhymer, J. Taxonomic status of Clayton’s Copper butterfly (Lycaena dorcas clytoni): subspecies or clinal variation? 6™
International Conference on the biology of butterflies 2010. Edmonton, Alberta, Canada. June 29, 2010.

Scott, S.A., D.J. Harrison, and W.B. Krohn. (Krohn and Harrison presented). Spatio-temporal dynamics of snowshoe hare
density and relationships to Canada lynx occurrence in northern Maine. Maine Cooperative Forestry Research

Shearin, A., C.S. Loftin, and AJ.K. Calhoun. Amphibian communities in Maine’s historically fishless lakes: facultative
breeding occurrence by vernal pool amphibians. 2010 Maine Water Conference. Augusta, ME. March 17, 2010.
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Shearin, A. C.S. Loftin, A.J.K. Calhoun. Amphibian Communities in Maine’s Historically Fishless Lakes: Facultative
Breeding Occurrence by Vernal Pool Amphibians 2010 Northeast Partners in Amphibian and Reptile Conservation
Conference., Schoodic Research and Education Center, Anadia National Park, Maine. August 10-11, 2010.

Simons, E., D. Harrison, A. Whitman, and J. Wilson. Present and future status of biodiversity in Maine’s commercial
forests as indicated by a suite of condition indicators. Seminar presented at Department of Wildlife Ecology Spring
Seminar Series, University of Maine. March 29, 2010.

Wetzel, P., and C.S. Loftin. Characteristics of a large, infrequent disturbance in a wetland ecosystem: Fire in the
Okefenokee National Wildlife Refuge, Georgia, USA. Ecological Society of America Annual Meeting, Pittsburg,
PA. August 1-6, 2010.

Wilson, K.R., J.T. Kelley, D.F. Belknap, G.S. Hamilton, and C.S. Loftin. Are Maine’s salt marshes drowning? Saltpools as
dynamic drivers of surficial change for six Maine salt marshes. Eastern region meeting of the Geological Society
of America. Baltimore, MD. March 13-16, 2010.

Zydewski, J. and Bailey, M. American shad in the Penobscot River — choosing management tools. The Nature
Conservancy, Augusta, ME. January 17, 2010.

Public Talks Presented

Ashe, W.A., and S.M. Coghlan Jr. Survival and growth of stocked Atlantic salmon in 1st and 2nd order tributaries of the
Machias River. Presented at the Atlantic salmon and their ecosystems research forum, Orono, ME. January 7,
2010.

Belknap, D., J. Kelley, and C.S. Loftin. Mapping and documenting loss of freshwater wetlands to transgression marsh
migration along Maine’s coast. Presented at the 2010 Maine Sea Grant Research Symposium, Orono, ME. March
22,2010.

Burns, C.E. Local Duke University Marine Lab Departmental Seminar Beaufort, NC. September 7, 2010.

Burns, C.E. Local 10 Presentation to citizen-scientists participating in earthwatch project on wildlife impacts of
urbanization, Peekskill, NY. July 10, 2010.

Call, E.M. and M. Hunter. River restoration in the northeast: what are the implications for avian assemblages?
Sedgeunkedunk Symposium and Celebration, Fields Pond Audubon Center, Holden, ME. September 17, 2010.

Call, E.M. My life with birds: from childhood to career. Adventure Girl program through Hardy Girls Healthy Woman,
Fields Pond Audubon Center, Holden, ME. October 16, 2010.

Call, E.M. The ecology of wading birds in the Everglades. Department of Wildlife Ecology Fall Seminar Series, Orono,
ME. October 18, 2010.

Calhoun, A. Local Vernal pool mapping project presentation to stakeholders, Scarborough, ME. February 24, 2010.
Calhoun, A. Local Vernal pool mapping project presentation to stakeholders, Windham, ME. March 17, 2010.

Calhoun, A., Local Vernal pool mapping project presentation to stakeholders, Freeport, Brunswick, and Topsham, ME.
March 18, 2010.

Calhoun, A. Local Vernal pool mapping project presentation to stakeholders, Scarborough, ME. March 23, 2010.
Calhoun, A. Local Vernal pool mapping project presentation to stakeholders, Orono, ME. March 30, 2010.

Calhoun, A. and D.E. Morgan. Conserving Maine Vernal Pools through Collaborative Local Initiatives. Maine Water
Conference, (Where), April (Day), 2010.

Calhoun, A. Local Maine Vernal pool mapping and assessment project: citizen science training, Topsham, ME. April 9,
2010.

Calhoun, A. Local Maine Vernal pool mapping and assessment project: citizen science training Windham, Cumberland,
and Freeport, ME. April 10, 2010.

Calhoun, A. Local Maine Vernal pool mapping and assessment project: citizen science training Yarmouth, ME. April 11,
2010.

Calhoun, A. Local Maine Vernal pool mapping and assessment project: citizen science training Wayne and Readfield, ME.
April 13, 2010.
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Calhoun, A. Local Maine Vernal pool mapping and assessment project: citizen science training Orono, ME. April 15, 2010.

Coghlan Jr., S. M., and J. Zydlewski. Monitoring changes in resident and anadromous fish communities in Sedgeunkedunk
stream after barrier removal. Presented at the Atlantic salmon and their research forum, Orono, ME. January 7,
2010

Coghlan Jr., S. M., J. Zydlewski, R.A. Wathen, C. Gardner, S. Ratten, R. Hogg, and K. Simon. Penobscot River research
summary. Presented at the Penobscot science exchange/Diadromous species research and restoration network
meeting, Orono, ME. January 26, 2010.

Coghlan Jr., S.M., S. Ratten, C. Gardner, R. Hogg, J. Zydlewski, and K. Simon. Barrier removal and range expansion in sea
lamprey: quantifying habitat conditioning in small streams. Presented at the 2010 Maine Sea Grant Research
Symposium, Orono, ME. March 22, 2010.

Coghlan Jr., S.M. Ecology of Maine Fishes. Presented at Maine Chapter of Trout Unlimited Youth Trout Camp, Solon,
ME. July 2, 2010

Coghlan Jr., S. M., R. Hogg, C. Gardner, J. Zydlewski, and K. Simons. Sea Lamprey. Presented at the Sedgeunkedunk
Celebration, Maine Audubon, Holden, ME. September 27, 2010,

Drahovzal, S., C.S. Loftin, and J. Rhymer. Analysis of the hydrological and chemical environment of Maine’s
circumneutral fens supporting shrubby cinquefoil (Dasiphora fruticosa), host plant of the state-endangered
Clayton’s Copper butterfly (Lycaena dorcas claytoni). University of Maine Graduate Student Research Expo,
Orono, ME. April 16, 2010.

Krohn , W.B. Maine’s forest carnivores: historical status, habitat relationships, and current management issues, Senior
College, University of Maine. March 12 and 19, 2010.

Morgan, D.E. and A.J.K. Calhoun. 2010. Maine municipal guide to mapping and conserving vernal pools. Maine
Audubon Society, Falmouth, ME.

Parsons, M., C.S. Loftin, and F. Servello. Behavioral responses of nesting black guillemots to disturbance on a coastal
Maine island. 2010 University of Maine Graduate Research Expo. Orono, ME. April 16, 2010.

Popescu, V.D. Effects of forest management on habitat connectivity for Vernal pool amphibians. Presentation to plum
creek foresters and land managers. Bingham, ME. May 21, 2010.

Wathen, R. A., S. M. Coghlan Jr., J.D. Zydlewski, and J. G. Trial. Interactive ecology of Atlantic salmon and smallmouth
bass: a tale of three experiments. Presented at the Atlantic salmon and their ecosystems research forum, Orono,
ME. January 6, 2010.

Witham, J. Long-term forest ecology study workshop and tour. Presented to Unity College students at Holt Research
Forest. Arrowsic, ME. April 14, 2010.

Witham, J. Ecology of Merrymeeting Bay and Kennebec Estuary. Presented on Maine Maritime Museum boat tour. Bath,
ME. September 27, 2010.

Zydewski, J. Recovery of the Penobscot River. Veazie Salmon Club. Veazie, ME. November 19, 2009.

Zydewski, J. and Bailey, M. American shad in the Penobscot River — choosing management tools. Atlantic salmon research
forum. Orono, ME. January 6, 2010.

Zydewski, J. Fitting technology to the question- a tale of tagging and tracking. University of Vermont. April 9, 2010.

Workshops
Coghlan Jr., S.M. Fly tying techniques. Penobscot River Revival, Bangor, ME. July 10, 1010.
Coghlan Jr., S.M. Fly fishing techniques. Trout Unlimited - Project Healing Waters, Upton, ME. July 19-23, 2010

Harrison, D., W. Krohn, and S. Scott. Snowshoe hares, forestry and Canada lynx: A dynamic interaction. Paper presented at
lessons from the past-research for the future: A workshop for CFRU members, Orono, ME. May 20, 2010.

Patterson W. and A. K. Fuller. Silvicultural prescriptions for maintaining marten and lynx habitat requirements. Field tour
of the nature Conservancy St. John ownership for staff of The Nature Conservancy, U.S. Fish and Wildlife
Service, and Huber Resources Group. May 4-6, 2009.

Simons, E., D. Harrison, A. Whitman, and J. Wilson. Quantifying biodiversity: seeing the big picture. Paper presented at
lessons from the past — research for the future: A workshop for CFRU members, Orono, ME. May 20, 2010.
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Awards, Honors, and Appointments

Calhoun, A.2010 Outstanding Associate Editor Award, Wetlands

Danielson, T.J. 2010 Presidential Endowment Award for graduate student research, North American Benthological
Society.

Popescu, V. D. George F. Dow Graduate Scholarship, University of Maine, College of Natural Sciences, Forestry, and
Agriculture

Popescu, V. D. Maine Economic Improvement Fund Doctoral Dissertation Fellowship, University of Maine, Graduate
School

Popescu, V. D. Student Awards Finalist, 24th International Congress for Conservation Biology, Edmonton, Canada, 3-7
July 2010

Television, Radio, and Newspaper Interviews and Articles

Coghlan Jr., S. M. Interview given for Bangor Daily News, July 14, 2010. “Fish Return to Sedgeunkedunk Stream”.
http://www.bangordailynews.com/detail/148875.html

Coghlan Jr., S. M. Interview given to WLBZ2, June 7, 2010. “UMaine students study fish in Pushaw Stream”.
http://www.wlbz2.com/news/local/story.aspx?storyid=118722

Coghlan Jr., S. M. Interview given to WLBZ2, June 18, 2010. “Migratory fish inch up Sedgeunkedunk Stream in wake of
dam removals”. http://www.wlbz2.com/news/local/story.aspx?storyid=119177

M. Hunter, Featured in “As a leading conservation biologist, Malcolm Hunter acts globally and locally Mac’s World,”
UMaine Today. Fall 2009.

Loftin, C.S., and P. deMaynadier. “Maine’s fishless lakes” interview given to Maine Public Broadcasting Network for
“Mainewatch with Jennifer Rooks”. Aired 16 September 2010.
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