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Pennsylvania Game Commission, Bureau of Wildlife Habitat Management Lands with inherent oil/gas and 
mineral reserves are often solicited for extraction by industry which can often provide a unique opportunity for 
mutual benefit via improved habitat, additional land acquisition, and overall monetary gain to support many 
ongoing wildlife resources programs. This presentation will entail proven oil/gas and mineral (OGM) leasing 
processes on Pennsylvania State Game Lands which are mutually beneficial to sportsmen, local and regional 
wildlife resources, and overall OGM development and extraction processes. 
 
�(&&%-�.�&#��$��(��"��#%%#"&/%��)#.�0(���&'"*&()��% %#%0�&�(��)"$)��  
0���������
�'����������
�1�����2���������
�3�����*� ����
�)����2������
�0���4����
�������
$��,,��
����$���������������
The Pennsylvania Game Commission's Private Landowner Assistance Program was created to address the need 
to manage for species of greatest conservation concern in the Commonwealth, where over 80% of the land is 
privately owned. The program is administered by six regional wildlife diversity biologists and is funded by the 
State Wildlife Grants. The program focuses primarily on providing wildlife management plans for private 
landowners, offering habitat management recommendations aimed at species of concern as identified in 
Pennsylvania's Wildlife Action Plan. Between May 2004 and December 2008, management recommendations 
have been provided for 634 landowner affecting 96,586 acres of land. 
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Forested buffers along riparian areas have long been used in agricultural landscapes to prevent the 
contamination of surface waters by sediment, fertilizers, and pesticides. It was quickly realized that these 
riparian corridors also serve to increase connectivity of forested habitats in otherwise highly managed 
ecosystems. With expanding suburban development into formerly agricultural and rural areas, these corridors 
are not only important for preventing the non-point source pollution associated with residential and commercial 
land use, but also may provide the only source of forested habitat and therefore can serve as a source of 
biodiversity in otherwise anthropogenically altered landscapes. The initial purpose of this study was to assess 
the potential capabilities of forested riparian barriers to exclude invasive plants as well as their efficacy at 
preventing phosphorus enrichment of surface waters. While we have found positive results in both of these 
respects, we have found even more exciting results in the unexpectedly rich ecosystems functioning in riparian 
corridors through suburban and urban landscapes. Surveys conducted in the White Clay Creek watershed of 
Delaware and Pennsylvania suggest that buffers of 100 meters significantly decrease invasion of stream bank 
habitats by exotic plants. Furthermore, these buffers not only appear to be preventing nutrient addition to 
surface waters but may actually remove and sequester phosphorus resulting from upstream contamination. 
Observations of biodiversity and ecosystem function during the course of this study have inspired future studies 
to test hypotheses about the impact of riparian buffer width, composition, and structure on aquatic and terrestrial 
biodiversity and ecosystem function in managed ecosystems. 
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Land conservation is a very high priority in Pennsylvania and a major programmatic focus for the Pennsylvania 
Department of Conservation and Natural Resources (DCNR). DCNR manages more than 2 million acres in PA 
and through the provision of grants has helped conserve an additional 150,000 acres. The lands conserved in PA 
protect valuable fish and wildlife habitat, provide public recreation opportunities and serve as open space for the 
citizens of the Commonwealth.  DCNR is working to conserve land and landscapes through a program called 
the Conservation Landscape Initiative (CLI). This program has helped focus DCNR and partner resources and 
efforts resulting in significant land conservation. DCNR grants, administered through the Bureau of Recreation 
and Conservation, contribute much to these efforts. These grants are made possible by a variety of funding 
sources including the Keystone Fund, a dedicated funding source derived from realty transfer tax receipts, and 
the Commonwealth's Growing Greener program.  From 1995 to 2007, approximately 600 acquisition projects 
were funded with more than $150 million in grants securing 227 square miles. This area is roughly equal to the 
land area of Philadelphia and Monroe County combined. County governments and even some townships have 
passed bond issues and other forms of funding to acquire and conserve land as well. It is estimated in 2007 
alone, county and local governments approved over $122 million in spending for open-space purchases, farm 
and forest preservation and parks and recreation conserving an additional 200,000 acres. Green infrastructure 
funding is imperative to continuing the exemplary land conservation efforts in PA. Sustaining the existing 
funding sources and certainly expanding these sources in the current economic climate is a significant challenge 
that needs to be a focus for all entities interested in conservation. How does green infrastructure dovetail into 
the national and state stimulus funding initiatives, climate change initiatives and energy initiatives? The answer 
to this question may determine the fate or at least the scale of future land conservation efforts. 
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Most natural resource agencies with large landholdings use a top-down approach to resource management. Top 
down management begins with overarching goals that pare down to management alternatives through data 
collection (inventory) and modeling (black boxes). Translating top level goals to on the ground implementation 
requires some form of modeling. For timber programs, this doesn't present a problem as harvest allocation 
models are well tested and validated. Not so with wildlife habitat management. Although habitat suitability 
index (HSI) models are available for a few species, they are inadequate for generation of management 
alternatives. The Pennsylvania Game Commission is mandated to manage 1.4 million acres of State Game 
Lands for wildlife conservation. In 2005 the agency began a comprehensive planning process that utilizes a 
bottom-up approach. Rather than models, success of bottom-up management depends on "local expertise" and 
ability of field staff to collect and assess base information. In habitat management, such local knowledge must 
combine forestry, agriculture, land management, and wildlife biology concepts. 
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You can’t buy it all so how do you expand public access for anglers? PFBC’s Public Fishing Access 
Conservation Easement Program is providing a more affordable way to keep open streams and rivers for anglers 
by working with private landowners. This program was piloted in the Lake Erie Watershed and funded by a 
special stamp. Learn the details of this easement program and how it is being expanded to other regions in the 
Commonwealth. The Lake Erie Improvement program has created new partnerships with municipalities to 
expand access to Lake Erie and its tributaries. 
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The Pennsylvania Game Commission has developed three primary components to a private lands public access 
suite, the Farm Game, Safety Zone and Forest Game programs. These programs were initiated in 1936, 1958, 
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and 1971 respectively, and have been periodically adapted over time to meet the changing needs of participating 
cooperators and hunters. With rapidly changing population distribution and increased focus on new hunter 
recruitment and retention, these programs are increasing in importance. The PGC utilized two National 
Shooting Sports Foundation grants and adaptive management techniques to make significant and well timed 
changes to the program over the past four years. Cooperators and hunters were phone surveyed by Responsive 
Management, Inc. of Harrisonburg, Virginia with and focus groups created to identify program strengths and 
weaknesses. Web based cooperator mapping was completed to improve program management and hunter 
utilization of the programs. More frequent communication with cooperators was initiated. More visible display 
of signs on access properties was implemented. Cooperators were provided several options to specify limits to 
access by game type. A small army of field staff hand delivered new agreements to resign cooperators, updating 
records and eliminating redundancy. Cooperators are eligible for free tree and shrub seedlings, reduced- fee 
landowner licenses, bird boxes, habitat technical assistance, and enhanced Wildlife Conservation Officer 
enforcement to reduce illegal use of cooperator properties by the general public and hunters. Long-term 
participants received certificates of appreciation for 10 and 20 year participation. Thirty year, and all greater 
than 50 year cooperators received certificates and an unframed wildlife print. Longest serving participants in 
each PGC Region received a framed print. The Pennsylvania Game News magazine is provided free to 
cooperators electronically by Nextbook technology. The resulting programs consist of fewer participating 
landowners (51%), fewer enrolled acres (69%), but higher visibility of the properties in the program (goal 
100%). The rate of display for cooperator property signs prior to program updates was 52%. Assuming 100% 
sign display of current participants (new survey not yet completed), acres of visible properties available to 
hunters increased to 134% of previous levels. Availability of specifically mapped properties increased from 
0.3% to 99%. Media and hunter interest in program changes has been very high. The administration and 
implementation of the PGC public access programs is funded by the Pittman-Robertson program. 
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The regional management of aquatic ecosystems represents a significant challenge to natural resource agencies, 
largely because sparse resources limit the availability of information needed to create ecosystem-specific 
management plans. As a result, regional management often proceeds by treating all ecosystems as if they would 
respond similarly to management actions. This one-size-fits-all approach is ineffective in many cases. As an 
alternative, ecosystems can be grouped into a more tractable number of management-relevant classes based on 
the idea that, within each class, the systems will respond similarly to management actions. We present a system 
that contains the key elements required to integrate effective classification with multisystem ecosystem 
management. The system has two important features. First, it is designed with the flexibility to address multiple 
ecosystem management goals by including options for developing state-based and response-based 
classifications. Second, it has a strong foundation in landscape ecology. This foundation addresses the 
underlying spatial complexity involved in managing freshwater ecosystem across the landscape and the inherent 
hierarchical nature of such ecosystems. We demonstrate the practical use of the system for grouping ecosystems 
that can be identified as discrete units. Although we focus on lakes as an example, this approach can be applied 
to any systems that need to be managed at broad spatial scales, such as stream segments and wetlands, as well 
as forest ecosystems. We provide two examples of the application of our system by classifying 1,998 lakes in 
North America according to two important classification endpoints that are relevant to managing lake 
eutrophication: similar total phosphorus values (a state-based classification) and similar relationships between 
chlorophyll and total phosphorus (a response-based classification). 
�
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The USGS Gap Analysis Program (GAP) is the sole purveyor of biodiversity data for the federal government. 
As such, the creation of consistent regional datasets that can then be mosaiced to form a National Biodiversity 
Assessment is a primary objective. Another primary objective is the facilitation of GAP datasets in the 
conservation planning efforts of both federal and state natural resource agencies. The initial state GAP efforts 
were based on a model of cooperation and innovation and resulted in datasets that were limited to individual 
state context due to their disparate nature. The second generation of GAP is taking the technological and 
programmatic advances from the state projects and incorporating them into consistent regional datasets. This 
presentation will discuss the advances in predictive habitat modeling as well as partnerships that are developing 
more refined applications of the GAP dataset throughout the Eastern US. 
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Brook trout (Salvelinus fontinalis) reside in a range of habitats including small headwater locations where the 
populations may become isolated periodically from other populations. These periods of isolation may impact 
the genetic diversity of the isolated populations by reducing the overall diversity, especially when the 
population is small. Reestablishment of connectivity with larger populations through periodic immigration into 
these small populations may act to offset loss of genetic diversity. Within the Nash Stream drainage, located in 
New Hampshire, brook trout are distributed throughout many tributaries and the mainstem of the stream. 
Potential barriers to upstream migration exist on many of the tributaries, including natural barriers such as log 
jams and waterfalls, or artificial barriers such as culverts that do not properly accommodate upstream and 
downstream fish passage. Evaluation of the genetic structure of brook trout throughout the drainage may 
provide insight into the migratory and dispersal ability of brook trout throughout the drainage.  To characterize 
the genetic structure of populations throughout the Nash Stream drainage, 18 populations were genotyped at 12 
microsatellite loci. Sample sites were distributed throughout the drainage, and some streams were sampled at 
multiple locations where potential barriers to migration existed between collection sites. Allele frequencies were 
used to determine how genetic diversity was partitioned throughout the drainage. Populations were also 
analyzed for recent genetic bottlenecks and estimates of effective population size. Overall, genetic diversity was 
low in many of the populations, with a mean observed heterozygosity of 0.521 (range 0.062 to 0.700) and an 
average number of alleles across 12 loci of 5.37 (range 1.4 to 7.25). Differences in allele frequencies between 
collection sites were high (mean Fst=0.190), and differences between collection sites within the same tributary 
were also observed. These results provide evidence of a high degree of genetic structure among brook trout 
populations throughout the Nash Stream, and that some brook trout populations may be isolated from other 
populations. However, these isolations may be episodic and genetic differentiation between populations may be 
increased due to the small effective population size for some locations. 
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Intersex, the presence of oocytes within the testes of male fishes, is used as an indicator of exposure to 
estrogenic compounds. A variety of emerging contaminants as well as legacy contaminants such as PCBs, 
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PAHs, and various pesticides have been shown to be endocrine disruptors and may have estrogenic activity. 
Emerging contaminants are defined as chemicals that have recently been recognized as having adverse effects 
and for which there are currently no regulations for their presence in the aquatic environment. Common sources 
of emerging contaminants such as pharmaceuticals and chemicals from personal care products are wastewater 
treatment plants and runoff from landfills. Agricultural runoff can be a source of animal hormones, nutrients, 
and other potential contaminants. In 2007-2008 fish were collected at various sites in the Susquehanna, 
Allegheny and Delaware drainages. Some collections were made to compare upstream and downstream of 
wastewater treatment plants. Smallmouth bass, rock bass, white sucker or redhorse suckers were collected in 
order to compare species responses. A variety of endpoints including gross lesions, gonadosomatic index, 
plasma vitellogenin and gonad histology were examined. Intersex was noted in smallmouth bass, however, 
prevalence and severity appeared to be more related to river drainage than to upstream/downstream sites in a 
particular drainage. In sucker species there appeared to be delayed testicular development at a number of sites. 
Findings will be discussed in terms of water quality and species differences. 
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Blackwater streams, characterized by dark-stained acidic waters, comprise critical habitats for banded sunfish 
(Enneacanthus obesus) throughout the species range on the Atlantic slope of the United States. In Maryland 
these habitats are restricted mainly to the Delmarva Peninsula on the Coastal Plain where the state imperiled 
banded sunfish is found. Non-metric multidimensional scaling was used to identify patterns in the distribution 
of this species on the Delmarva Peninsula in Maryland with chemical, physical habitat, and land use data. 
Banded sunfish occurrence was found to be associated with dissolved organic carbon concentrations greater 
than 8.0 mg/L, characteristic of blackwater streams in Maryland. High forested land use, low agricultural land 
use, and low nitrate concentrations were also found to be associated with banded sunfish occurrence. Other 
centrarchid species, including the congeneric bluespotted sunfish (E. gloriosus), did not exhibit a specialist 
pattern towards blackwater habitats and appear more tolerant to agricultural disturbance. These results indicate 
the replacement of forest by agricultural land use in this part of the state alters water chemistry and is 
detrimental to the occurrence of banded sunfish in Maryland.  
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A study was conducted for the Pennsylvania Fish and Boat Commission in 2008 to determine trout anglers' 
opinions on trout fishing in Pennsylvania, their opinions on various fishing regulations, and their opinions on 
the Commission and its programs. The study entailed a telephone survey of licensed Pennsylvania anglers ages 
16 years or older who fished for trout in 2007. The sample consisted of anglers who had purchased either a 
Combination Trout- Salmon/Lake Erie Permit or a Trout-Salmon Stamp. The telephone questionnaire was 
developed cooperatively by Responsive Management and the Commission. The survey was conducted in March 
and April 2008. A total of 1,562 completed interviews were obtained Findings of the survey are reported at a 
95% confidence interval. For the entire sample of Pennsylvania trout anglers, the sampling error is at most plus 
or minus 2.48 percentage points.  Topics covered by the survey include trout fishing methods and trout species 
fished; motivations for trout fishing in Pennsylvania; fishing companions; consumption of trout; satisfaction or 
dissatisfaction with trout fishing in Pennsylvania; constraints to trout fishing participation; measures of avidity; 
locations for trout fishing and special regulation areas; general locational data; stocked trout locations; special 
regulation areas; stocked waters; opening day regulations; licenses and license costs; opinions on regulations; 
rating of the Pennsylvania Fish and Boat Commission, and ratings of importance of Commission programs; 
information about fishing in Pennsylvania; and demographic characteristics and membership in organizations. 
�
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In 1999, the Pennsylvania Fish and Boat Commission (PFBC) adopted experimental fishing regulations in 
select waterbodies throughout the Commonwealth in an effort to evaluate the effectiveness of harvest 
restrictions for improving the size structure (i.e., the number of large fish) and total abundance of panfish 
populations. Harvest restrictions included reducing daily creel limits from 50 to 20 fish/day and increasing the 
minimum size limits (MSL) of harvestable size fish from no MSL to 225 mm for black Pomoxis nigromaculatus 
and white crappie P. annularis and yellow perch Perca flavescens, and 175 mm for sunfish (bluegill Lepomis 
macrochirus and pumpkinseed L. gibbosus). Fish populations were sampled in 6 treatment lakes and 5 control 
lakes periodically up to 17 years prior to regulation implementation and 7 years post-implementation. We 
analyzed trap net survey data to evaluate if the total catch per effort (CPE) of panfish and the CPE of large 
panfish (crappie and perch over 225 mm and sunfish over 175 mm) available for harvest was increased as a 
result of these experimental regulations. Although results suggest that the CPE of large black crappie may have 
increased post harvest restrictions, on average, the implementation of harvest restrictions was not associated 
with an increase in total CPE or CPE of large panfish. 
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Hydroelectric dams cause mortality for silver American eels (Anguilla rostrata) in some Atlantic Coast 
tributaries during outmigration to the Sargasso Sea. Five hydroelectric dams occur on the Shenandoah River, a 
tributary to the Potomac River in the Chesapeake Bay watershed. We radio-tagged large eels in the upper 
Shenandoah River watershed during the fall of 2007 and 2008, and evaluated eel passage at the five dams and 
examined environmental cues to downstream migration within the lower Shenandoah River. Of 115 tagged eels, 
71 were silver (mature), and 44 of those silver eels made some downstream migration. Migrations occurred 
from November 2007 through May 2008 and August 2008 through December 2008. Eel outmigration was 
highly correlated with increases in discharge. Nearly all eels (95%) migrated downstream between 18:00 and 
08:00. When turbines were operating, 65% to 100% of eels passed through turbines. When turbines were 
shutdown at night during September 15 to December 15, passage of out-migrating eels through turbines was 
reduced to a range of 0% to 25%. When eels did pass through turbines during late 2007 and early 2008, 
mortality rates through the turbines ranged from 15% to 33%. Cumulative survival for the same time period was 
37% for eels leaving the Shenandoah River upstream of the 5th dam. Cumulative survival during the night-time 
shutdown period during the fall of 2008 was 60% for eels leaving upstream of the 5th dam. Nighttime 
shutdowns can be an effective method to reduce mortality in migrating silver eels in the Shenandoah River; 
however the timing of migration may not be encompassed completely by the current shutdown period. 
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Richard Cronin National Salmon Station (RCNSS) serves to receive returning sea-run Atlantic salmon to the 
Connecticut River for the restoration program. Broodstock are transported from fish lifts on the Connecticut 
River in late spring and spawned in the fall. Resultant eggs typically were forwarded to White River National 
Fish Hatchery for incubation. Egg transmissible pathogens had not been isolated from the returning stocks since 
program inception nearly 30 years ago. However, Infectious Pancreatic Necrosis Virus (IPNV) was isolated in 
2007. This led to the management decision to destroy the year class of broodstock and progeny.  Both 
engineering and operational changes were undertaken in 2008 by the U.S. Fish and Wildlife Service at RCNSS 
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that would enable isolated holding of broodstock and discrete egg incubation at RCNSS. Physical changes 
included installation of holding pool splash barriers, water chilling capacity, a 250 KW backup generator, 
incubation jars, and discrete vertical flow incubation stacks. Along with infrastructure changes, the Service 
worked with Connecticut River Atlantic Salmon Commission partners to revise the biosecurity plan and to 
establish new pathogen screening and spawning procedures. These changes decrease the likely hood of 
horizontal transmission in the broodstock and enable selective culling to remove positive stocks of fish or eggs 
should they reoccur. 
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Sampling small benthic and lithophilic fish species in large rivers and lakes presents challenges not adequately 
addressed with conventional survey methods such as boat-electrofishing and gillnetting. The development of the 
Missouri-trawl has helped to address these issues; however, our observations by SCUBA when using the 
Missouri-trawl have revealed significant avoidance of the trawls, especially in gravel-cobble-boulder substrates. 
Therefore, we equipped a Missouri-trawl with a cathode-anode electrical array, and tested it in 40 paired 
comparisons with a standard Missouri-trawl in the Ohio River drainage of Pennsylvania. This electrified PSU-
trawl captured significantly more individuals (p < 0.05) and species (p < 0.05), as well as more large fishes, 
than did the Missouri-trawl. The PSU-trawl is therefore a useful new method for sampling large-river benthic 
fish communities. 
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The cost for feed can represent from 50-60% of the total rearing cost for salmonids reared in aquaculture 
facilities. The size of the fish, the temperature in the rearing environment, and the amount of energy in the feed 
can all be significant variables when calculating growth and feeding rates. Historically, however, the rates at 
which fish are fed have been determined using subjective criteria that can lead to either underfeeding (resulting 
in reduced growth) or overfeeding (resulting in low feed efficiencies and increased effluent pollution). The first 
study described here was designed to determine a mathematical formula to accurately determine the amount of 
feed to be fed daily to juvenile rainbow trout which will take into account the three important factors listed 
above and will maximize growth while minimizing waste. In Addition, a second study was conducted which 
evaluated the comparative feeding efficiency and weight gains obtained with this new formula and several other 
published feeding formulas for trout. The data from this second study, though variable, indicates that feeding 
formulas which take into account all three of the parameters above outperform those which only take into 
account one or two. 
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The Pennsylvania Fish and Boat Commission's active dam removal program provides the opportunity to 
evaluate the effects of removing small, run-of-the-river dams on biotic assemblages. We monitored the Franklin 
Mills Dam on Middle Creek in Snyder County, PA between October 1999 and October 2006. The overall goal 
of this study was to determine if the fish and macroinvertebrate assemblages found in previously impounded 
areas differed from or became similar to the assemblages of free-flowing reaches that unaffected by the 
impoundment in the years following dam removal.  Fish and macroinvertebrate assemblage similarity did not to 
differ according to location relative to the dam; however, non-metric multi-dimensional scaling (NMDS) 
ordination and analysis of similarities (ANOSIM) results indicated differences related to year for both fish and 
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macroinvertebrates. Samples from 2000 and 2001 grouped together in the NMDS ordination, as did samples 
from 2005 and 2006. The 1999 samples formed their own group in the ordination, with pairwise comparisons 
between 1999 and other years yielding high (> 0.75) R values. Differences in assemblage similarity among 
years may have resulted because of environmental factors such as precipitation and timing of sampling events, 
or differences in individual efforts between years.  Our results were confounded by differences in sampling 
gears used and we were unable to make direct comparisons between the impoundment and upstream, formerly 
impounded, and downstream free-flowing reaches. Future dam removal studies should develop sampling 
methodology that allows for direct comparison between the very different types of habitat found in small dam 
impoundments versus free-flowing reaches. Expanding monitoring efforts to include quarterly or at least 
biannual collections, as well as habitat and water quality monitoring, will greatly enhance understanding of the 
ways in which small dams and their removal affect stream ecosystems. With over 100 dam removals scheduled 
to take place in Pennsylvania over the next several years and an ever-increasing number of small dams reaching 
the end of their useful lifespan, dam removal is certain to remain in the scientific and public spotlight for many 
years to come. Data from improved monitoring efforts will help to ensure that the money spent on dam removal 
projects is invested in such a way as to enhance available water resources for the benefit of both wildlife and 
human users. 
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Detection and evaluation of calcein marks in fish has typically been accomplished with optical devices, such as 
the SE-MARKTM detector, which emits light of a certain wavelength causing calcein-marked tissues to 
fluoresce and thus become visible to the human eye. In an effort to improve calcein mark detection, a 
commercially-available hand-held fluorometer known as a GFP meter was evaluated for its utility to detect and 
quantify calcein marks on both Atlantic salmon and rainbow trout. The device produces a digital readout of 
calcein fluorescence which is used to determine mark presence and intensity, minimizing the need to visualize 
the fluorescence. In a blind test, the GFP meter was used to correctly determine presence / absence of calcein 
marks in 100% of the Atlantic salmon and about 80% of the rainbow trout tested. 
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As part of the remedial design for Onondaga Lake habitat components are being developed to help create 
ecological systems that emulate naturally functioning, self-regulating systems and are integrated with the 
surrounding habitats in the lake following remediation. Onondaga Lake, located in Syracuse, NY, is an 11.7 
km¬¬2 lake, much of which has been impacted from a long history of industrial and residential activity. This 
study was designed to evaluate the natural recolonization of different substrates that will be placed in the lake 
during remediation by macrophytes, macroinvertebrates, and fish. Three substrate types were evaluated during 
the study including sand (diameter less than 0.08 inches); sand and fine gravel (diameter between 0.25 inches 
and 1.0 inches), and coarse gravel and cobble (diameter between 1.0 inches and 2.5 inches), place at three 
locations, representing different wind/wave energy regimes.  Wading pools (approximately 36 inch diameter, 8 
inches deep) were filled to the top with the three substrates and placed on the sediment surface in the littoral 
zone at each location in late July. At each location, three pools each were placed at two depths to assess 
potential colonization differences with depth, resulting in a total of 18 pools per location (total of 54 pools for 
the study). Additional substrate was placed around the pools to create a slope from the sediment surface to the 
top of the wading pool. Pools were sampled bi-weekly for fish and macrophyte colonization through the 
summer and then left in place through the winter to assess colonization rates the following spring. 
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As environmental regulations continue to become more restrictive, aquaculture facilities are faced with the 
challenge of meeting those regulations while still producing enough fish to satisfy demands. Recently, the 
Pennsylvania Fish and Boat Commission (PFBC) upgraded its wastewater treatment systems at two of its eight 
trout hatcheries to include microscreen filters. Hydrotech microscreen disc filters were installed by Water 
Management Technologies at both the Pleasant Gap and Tylersville State Fish Hatcheries (SFH). The two 
microscreen filters at Pleasant Gap went online June 1, 2007 and cost $1.36 million. The total cost of the three 
microscreens at Tylersville was $1.7 million and went online January 2, 2007. The two microscreen disc filters 
were installed at the Pleasant Gap SFH. At both hatcheries, each filter has eight discs with 20 micron-sized 
mesh panels. The National Pollutant Discharge Elimination System (NPDES) Permits at both hatcheries include 
Total Suspended Solids (TSS) limits of 6.0 mg/L for an average monthly limit and a 12.0 mg/L maximum daily 
limit. Since the filters were installed at the Pleasant Gap SFH, the average annual TSS loading level in the 
effluent has dropped by 70%. Monthly average TSS values have decreased from 4.374 mg/L before the filters 
were installed to 1.402mg/L after the filters were installed. Since the microscreen filters were installed at the 
Tylersville SFH, there has been a 54% decrease in the average annual TSS loading level in the effluent. 
Monthly average TSS values have decreased from 6.012 mg/L before the filters were installed to 2.086 mg/L 
after the filters were installed. Plans and funding are in place to add microscreen effluent filtration systems at 
the Bellefonte, Benner Spring and Huntsdale State Fish Hatcheries. 
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In Pennsylvania, fish passage devices have been constructed on several large rivers with the primary purpose of 
passing American shad (Alosa sapidissima). These fishways are currently operated during the spring migratory 
fish passage season which typically extends from April to mid-July. Non-migratory fish species also access 
these facilities. Passage records at fishways on the Lehigh and Susquehanna Rivers were analyzed to evaluate 
species diversity, numbers passed and movement patterns of resident fishes. Fishway types varied by site but 
included vertical slot designs and mechanically operated vertical elevators. On the Lehigh River, continuous 
monitoring of fish passage activities during shad passage season has resulted in a long-term data set (1994 
through 2008) of volitional fish passage through two dams. To date, 21 fish taxa (15 resident species) have been 
recorded using the Easton and Chain Dam fishways. Resident fishes represent nearly 60% of total fish passage 
at these fishways. Most common resident fish taxa recorded using the fishways includes white sucker 
(Catostomous commersoni), smallmouth bass (Micropterus dolomieu), common carp (Cyprinus carpio), sunfish 
(Lepomis spp.), and channel catfish (Ictalurus punctatus). On the Susquehanna River, data was analyzed from 
1997 through 2008 and includes fish passage records for four dams. A total of 49 species of fish (43 resident 
species) have passed through the fishways. The lowest annual passage of all species combined was 616,221 in 
2005 and the greatest number passed was 2,085,984 in 1999. Gizzard shad (Dorosoma cepedianum) represented 
75% of all fishes passed. Records for smallmouth bass, walleye (Zander vitreum) and channel catfish were 
closely analyzed on both rivers due to their ecological and recreational importance. The impressive diversity 
and large numbers of resident fishes using these fishways has focused interest on potentially expanding the 
passage operation season to better understand and improve resident fish movements. 
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A critical part of an angler survey is angler effort estimation. There have been various methods proposed and 
implemented to calculate this quantity, and one of the most effective utilizes aerial counts of anglers. In this 
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talk, we describe the effort estimation methodology used in the Juniata/Susquehanna River Creel Survey 
conducted in 2007 by the Pennsylvania Fish and Boat Commission. Daytime angler effort! Estimates are 
calculated using an augmented aerial survey, which includes both aerial counts and interview data collected by 
creel agents. The interview data, obtained via a modified roving ground survey, is used to produce estimates of 
the daily effort distributions, which are then used to expand instantaneous counts to daily effort estimates.  We 
present two ratios which ameliorate biases introduced by the aerial survey. An angler-to-people ratio is 
calculated from the interview data and accounts for shore persons who are not anglers. A ground-truthing ratio 
is also computed, and corrects for people and boats that were missed during the aerial counts. Variance 
estimation and angler effort results are discussed as well.  
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Best Management Practice (BMP) for effluent control of trout hatchery discharges calls for separation of 
cleaning waste by collection in quiescent zones (QZ) with overflow rates (OFR) of 0.94 cm/s at the end of each 
raceway. The efficiency of QZs in trapping solid waste over a range of fish densities, water velocities and QZ 
areas, measured by OFR, were studied. Solids retention in the QZs was negligible at velocities of 2.0 and 4.4 
cm/s regardless of fish density and at a fish density of 40 kg/m3 regardless of velocity. Solids collection 
efficiencies were affected more by OFR and fish density than by velocity. Solids retention was significantly 
better at a fish density of 160 kg/m3 than at 80 kg/m3 at OFR values of 0.5 and 1.0 cm/s. Solids retention was 
better at an OFR of 0.5 cm/s than at an OFR of 1.0 cm/s at a density of 80 kg/m3, but was not affected by by 
OFR at a fish density of 160 kg/m3. Solids collection efficiency was not affected by velocity in the range of 2.4-
3.4 cm/s at either density. Thus, optimum conditions for solids collection in trout raceway QZs were at a fish 
density of 160 kg/m3 at OFR values of 0.5 or 1.0 cm/s, or at a fish density of 80 kg/m3 and an OFR of 0.5 cm/s, 
and at raceway velocities from 2.4-3.4 cm/s. Under these conditions, up to 20% of the total solids load was 
collected in the raceway QZs. Although this value is lower than expected from the literature, actual solids levels 
were less than 5 mg/L and solids concentrations in the effluents of downstream units of serial raceways were 
not additive. I propose that the presently-accepted BMP for trout hatchery effluent control be ammended to 
include the criteria of fish density and velocity as well as OFR. 
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Atlantic salmon (Salmo salar) populations in the Gulf of Maine remain at critically low levels despite ongoing 
recovery efforts. Hatchery supplementation, of primarily unfed fry, is one of the major recovery tools. The 
objectives of this study were to use genetically marked fry to assess the effects of macro-scale habitat features 
and non-salmonid fish species abundance upon inter-stage survival and smolt production from various regions 
of the Sheepscot River. The Sheepscot River was divided into five regions and groups of fry from known 
hatchery matings were stocked into a single region in 2005. Survival from fry to age 0+ parr, and survival from 
age 1+ parr were assessed in August and September of 2005 and 2006, respectively, through backpack 
electrofishing multiple sites in each region. Macro-scale habitat variables (cumulative drainage area, gradient, 
land use, etc.) and abundance of non-salmonid fishes were used to model survival. Rotary screw traps below 
Head Tide Dam were used to capture outmigrating smolts in the spring of 2007. Genetic samples were taken 
from all juvenile Atlantic salmon at all life stages captured, and genetic parentage analysis was used to identify 
the river region where individuals were originally stocked as fry. Sites occurring further upstream in the 
watershed, with smaller cumulative drainage areas, had the highest survival of fry and age 1+ parr. Parentage 
analysis indicated the majority of outmigrating smolts were originally stocked as fry in the West Branch 
Sheepscot River and there was a strong correlation between total population estimates of age 1+ parr within 
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regions of the river and relative abundance of smolts coming from those regions. These findings suggest the 
greatest constraint to smolt production in the Sheepscot River is survival from fry to age 0+ parr and illustrate 
the importance of regions of small cumulative drainage area to smolt production. Focusing management efforts 
on increasing survival from fry to age 0+ parr and concentrating these efforts in regions of small drainage area 
will likely maximize smolt production. 
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The Delaware River basin aquatic gap analysis project will assess the biological diversity of aquatic species in 
the Delaware River watershed; in particular, fishes and freshwater mussels. The Delaware River is the longest 
undammed river of the Atlantic slope drainages and provides unique habitat for migratory and resident fish, as 
well as other freshwater fauna. In this study, our goal is to estimate freshwater biodiversity within the basin and 
identify gaps in the protection of these resources to better focus conservation efforts. Specific objectives 
involve: 1) developing a hierarchical stream segment database of habitat layers for the basin (e.g., bedrock and 
surficial geology, land cover, soils); 2) building fish and freshwater mussel occurrence databases; 3) creating 
models to predict fish and mussel distribution; 4) estimating aquatic biodiversity within the basin; and 5) 
identifying gaps in biodiversity protection. The stream segment and biological occurrence data are well-
developed and we are initiating model building for the prediction of individual species distributions. Model 
creation and testing will be completed, and a gap analysis performed, in 2009. 
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The Pennsylvania Fish and Boat Commission (PFBC) has managed the warmwater fishery of Cross Creek Lake 
since it was constructed in 1982. This 98.8 ha, meso-euptrophic (Carlson trophic state index 44.5 to 54.0) and 
heavily fished impoundment is located within the upper Ohio River basin near Avella, Pennsylvania. Early 
fisheries management strategies included closing the lake to angling from 1982 to 1985, and implementing 
"Special Conservation Regulations" in 1987. These regulations imposed harvest restrictions for largemouth bass 
(Micropterus salmoides), consisting of a size (375-mm minimum length) and creel limit (2 fish per day). These 
regulations also imposed creel limits (10 fish per day) for black crappie (Pomoxis nigromaculatus) and bluegill 
(Lepomis macrochirus). In 2000, PFBC enacted "Panfish Enhancement Special Regulations" at Cross Creek 
Lake for bluegill and black crappie. These regulations, designed to improve population size structure, imposed 
minimum size limits for bluegill (175-mm) and black crappie (225-mm). Also in 2000, “Big Bass Program 
Special Regulations” continued the size limit (375-mm minimum length) for largemouth bass. Standardized 
Pennsylvania-style trap net surveys (n=10) for black crappie and bluegill, night boat electrofishing surveys 
(n=7) for largemouth bass, and corresponding stock assessments were conducted by PFBC between 1985 and 
2007. Results of these studies indicate that the implementation of new regulations has enhanced the population 
size structure of both black crappie and bluegill at Cross Creek Lake. In terms of catch per unit effort (CPUE), 
abundances of post-regulation, legal-sized black crappie and bluegill were higher than pre-regulation 
abundances. Cross Creek Lake has maintained one of the highest quality largemouth bass fisheries in 
Pennsylvania. Indices of both the numbers of bass ≥ 300 mm and ≥ 375 mm almost always (90% attainment) 
surpassed the desired minimum values defined in Pennsylvania Big Bass Guidelines. Results of an angler 
opinion surveys (n=120) conducted in 2008 reveal that 89% of anglers targeting black crappie and 92% of 
anglers targeting bluegill are satisfied with the length limit restrictions imposed by Panfish Enhancement 
Special Regulations. 
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The Atlantic States Marine Fisheries Commission manages 24 species or species complexes through interstate 
fisheries management plans (FMPs). While the Magnuson-Stevens Reauthorization Act (MSRA) of 2006 does 
not provide oversight to the interstate management process, the Commission has implemented nine FMPs that 
are either joint with or complementary to the management programs in federal waters. These joint or 
complementary management programs will be impacted by the provisions of the MSRA. In the coming months, 
the Commission will consider changes to the interstate plans to account for the MSRA provisions. 
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A variety of approaches are needed to manage New England fisheries, because they represent a wide range of 
the best scientific information available. The reauthorized Fishery Conservation and Management Act specifies 
that management plans shall establish a mechanism for specifying annual catch limits such that overfishing does 
not occur in the fishery, including measures to ensure accountability. The simplest interpretation of the new 
mandate is that catch should be limited to that associated with overfishing. However, even in data-rich 
situations, the overfishing level is estimated with uncertainty. Consideration of uncertainty can help to minimize 
the risk of overfishing, thereby avoiding accountability measures. Alternatively, economic analyses can define 
optimum yield that is less than the overfishing catch limit. Unfortunately, some New England fisheries do not 
have the necessary information to support reliable analyses of risk or bioeconomics. For nearly a decade, New 
England fisheries with intermediate levels of information have been managed based on proxies for maximum 
sustainable yield reference points. Similarly, proxy targets that are less than the overfishing level can be used 
for determining catch limits for data-moderate fisheries. At the lowest tier of scientific information, several 
fisheries lack reliable estimates of total catch, so that annual catch limits cannot be derived or implemented. 
Alternative management strategies are required for these data-poor fisheries. Although specific management 
approaches may vary according to the information available, the underlying standard of preventing overfishing 
while achieving optimum yield should be maintained. 
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Under the new requirements of the Magnuson-Stevens Reauthorization Act of 2006 (MS-Act), Regional Fishery 
Management Councils are required to specify annual catch limits and accountability measures for each managed 
fishery, by 2010 for all stocks experiencing over fishing and 2011 for all others. The Mid-Atlantic Fishery 
Management Council has formed a Committee to begin addressing these new requirements while awaiting final 
guidance from National Marine Fisheries Service. The guidance received thus far is complex and given the 
diversity of the fisheries, developing mechanisms and control rules to account for scientific uncertainty, 
management and implementation uncertainty, and which ensure accountability when catch limits are breached 
will be difficult. The revised MS-Act provides an unprecedented opportunity for the Council to revisit each 
fishery management plan and ensure the mechanisms are in place to prevent overfishing of their managed 
resources now and in the future. 
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With the passage of the Magnuson-Stevens Reauthorization Act in 2006, all fishery management plans will be 
required to include annual catch limits and accountability measures. In the Northeast, this means examining 
more than a dozen fishery management plans, and measures used to manage several dozen stocks, for 
conformance with the new requirements. Some existing management elements are likely already in 
conformance with the new requirements, but others will need modification, and still others will need to be 
created anew to bring all of the plans into conformance. Complicating the task is the two-tiered implementation 
schedule for stocks experiencing overfishing (2010) and those that are not (2011). Recreational fisheries present 
special challenges, as do issues such as multiple-jurisdiction stocks and stocks that are caught in fisheries 
managed under more than one fishery management plan. This presentation will examine some of these areas of 
challenge and discuss how NOAA Fisheries Service and the New England and Mid-Atlantic Councils are 
planning to address the new requirements. 
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The National Marine Fisheries Service (NMFS) has prepared guidance under its National Standard 1 guidelines 
to address new requirements for annual catch limits (ACLs) and accountability measures (AMs) to end and 
prevent overfishing of fisheries managed by Federal fishery management plans (FMPs) under the Magnuson-
Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act). These new requirements along 
with the guidelines should bolster the likelihood that overfishing can be ended/prevented on an annual basis by 
management measures developed by the regional fishery management councils (Councils) and NMFS (in the 
case of Atlantic highly migratory species). The guidance requires that scientific uncertainty be taken into 
account when a Council's Scientific and Statistical Committee recommends an ABC to a Council for a stock 
and management uncertainty be taken into account when a Council chooses an ACL for the same stock. NMFS 
provides guidance for Councils to include stocks in a fishery and ecosystem component (EC) species in its 
FMPs. The stocks in a fishery would need ACLs and AMs; EC species would not need ACLs and AMs. 
Inseason AMs such as timely closures before an ACL is reached or exceeded, or inseason adjustments to slow 
down catch rates before a closure is needed, are especially important for preventing overfishing. Other AMs can 
make adjustments in a fishery the following fishing year to make inseason management more effective or 
correct overages of ACLs, especially for overfished stocks in rebuilding plans. The NS1 guidance for ACLs and 
AMs aims to end and prevent overfishing while taking into account the wide variation in fisheries management 
under the 47 Federal FMPs. 
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Requirements for Scientific and Statistical Committees contained in the Magnuson Stevens Reauthorization Act 
(MSRA) specify that each SSC shall provide ongoing scientific advice on: 1) recommendations for Acceptable 
Biological Catch (ABC), 2) preventing overfishing, 3) MSY, 4) achieving stock rebuilding, 5) reports and stock 
status and health, bycatch, economic and social impacts of management measures and sustainability of fishing 
practices. In addition, MSRA Section 302(h)(6) specifies that: each Council is required to develop annual catch 
limits for each of its managed fisheries that may not exceed the fishing level recommendations of its SSC (or 
equivalent peer review process). The Mid-Atlantic Fishery Management Council's current interpretation of the 
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Proposed NS1 guidelines is that the SSC's fishing level recommendation equates to ABC. The Council also 
interprets the Proposed Rule to mean that ABC is the level which sets the upper bound for the Annual Catch 
Limit , and is the yield associated with the Maximum Fishing Mortality Threshold as reduced based on 
scientific uncertainty about the MSY estimate for a particular stock (i.e., to Ftarget or Frebuild if the stock is 
undergoing rebuilding). The charge to the SSC is to give scientific advice on levels of ABC that prevent 
overfishing and achieve stock rebuilding (if a species is subject to a formal stock rebuilding plan). The role of 
the Scientific and Statistical Committee relative to setting annual catch limits is discussed, with emphasis on 
defining key elements of scientific uncertainty and the incorporation of uncertainty in scientific advice about 
future catch levels. 
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The collection of marine fisheries data on the Atlantic coast is conducted by the 15 coastal states and the 
National Marine Fisheries Service (NMFS). Historically, no two entities performed the collection process in 
exactly the same way. Since 2004, the ACCSP has provided its state and federal Program partners with the 
Standard Atlantic Fisheries Information System (SAFIS), a real-time web-based reporting tool for commercial 
landings on the Atlantic coast. The Atlantic coastal states and the NFMS, to varying degrees, use SAFIS along 
with their own electronic and paper reporting. The implementation of SAFIS has, over the past four years, 
increased standardization of reporting regulations and data collection across agencies responsible for marine 
fisheries data on the Atlantic coast. The ACCSP receives data from all of these sources and incorporates those 
data into a single data warehouse. In order for the ACCSP to harmonize the data received from all program 
partners into one integrated set, the ACCSP must have an exceptional grasp of how the data were collected. By 
keeping pace with the rapidly changing mosaic of reporting requirements, the ACCSP, in conjunction with its 
state and federal partners, is able to provide the most complete picture of Atlantic Coastal fisheries data 
possible. 
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Elemental composition of otoliths may provide valuable information in establishing connectivity between 
nursery grounds and marine fish populations. Juveniles of the economically important fish species Tautoga 
onitis were captured in 3 stations within Narragansett Bay and 4 high salinity areas along US Northeast Coast in 
a single year. Concentrations of Rb, Mg, Ca, Mn, Sr, Na,K, Sr, Pb and Ba were determined in otoliths of YOY 
using solution-based inductively coupled plasma mass spectrometry. Stable oxygen (18O) and carbon isotopic 
ratios (13C) in YOY otoliths were also analyzed using isotope ratio mass spectrometry to discriminate tautog 
nursery grounds. Results of MANOVA showed that elemental signatures differed significantly among the 
distinct nurseries within Narragansett Bay (Pillai's trace = 4.465, P less than 0.001) and among the states 
(Pillai's trace =1.705, P less than 0.001). In addition, univariate contrasts indicated that concentrations of three 
elements (Sr, Ba, Mn) and two stable isotopes (18O and 13C) differed significantly among the 4 high salinity 
nurseries within states (ANOVA, P less than 0.001). Our linear discriminant analysis found that the three tautog 
nurseries within Narragansett Bay (Mount Hope Bay, Gaspee Point, Rose Island) were distinguished with 100% 
of classification success. High salinity stations along the US coast (RI, CT, NJ, VA) were correctly classified 
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with 92% accuracy. Since accurate classification of juvenile fish to their nursery sites was achieved, otolith 
chemistry analysis can be used as a natural habitat tag in assigning adult fish to their estuarine nursery. 
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Statewide streamflow protection efforts began in New England over thirty years ago. Over that period 
techniques have evolved from simple default standards to sophisticated ecohydrological approaches. The 
presentation will discuss the evolution of approaches across the region. It will highlight current work in 
Massachusetts and Connecticut and discuss likely future directions. 
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Alteration of fluvial geomorphic processes at the watershed-scale, over the past 200 years in Vermont, has 
converted a majority of attenuation reaches, where sediment deposition created meanders and floodplains, into 
high-energy transport regimes. The loss of depositional process and floodplain function in Vermont watersheds 
has resulted in an increase in sediment and nutrient loading (to places like Lake Champlain), an increase in 
flood and fluvial erosion hazards, and a homogenization of aquatic and riparian habitats. The Vermont River 
Management Program (RMP) is documenting the physical condition of rivers throughout the state and the 
erosion hazard, water quality, and habitat impacts associated with watershed and channel modifications. 
Assessment data are showing that berming, armoring, and dredging have modified the hydraulics of streams, 
have required ongoing maintenance, and have led to systemic sediment regime departures. With a greater 
appreciation for large scale fluvial processes and the costs to society when physical river imperatives are 
ignored, the RMP is advocating for a change in direction. It is the goal of the River Management Program to 
manage toward, protect, and restore the fluvial geomorphic equilibrium conditions of Vermont rivers by 
resolving conflicts between human investments and river dynamics in the most economically and ecologically 
sustainable manner. A key social and ecological benefit to managing streams toward equilibrium condition is 
healthy aquatic ecosystems. The RMP recently created a process-based habitat assessment protocol, conducted 
in tandem with stream geomorphic assessments, to better understand the physical stressors affecting sediment 
regimes and aquatic communities, better prescribe restoration and protection strategies, and minimize our need 
for the structural control of streams and rivers. This protocol, called a Reach Habitat Assessment, stratifies 
habitat evaluation by stream type. The focus of the habitat evaluation is on ecologically significant processes 
that create and maintain habitat such as longitudinal and lateral connectivity and the hydrologic, sediment, and 
organic regimes of the stream network. It is the RMP's hope that a geomorphic assessment that looks at stream 
geomorphic condition / sensitivity and physical habitat will promote the analysis of ecological integrity at 
spatial and temporal scales previously looked at in very few state and federal environmental analyses. Pilot tests 
of the Reach Habitat Assessment Protocol in the Lewis Creek and Dog River watersheds of central Vermont 
have provided some interesting data, with which the RMP plans to develop a corridor planning framework for 
use of the data in guiding future river corridor restoration and conservation efforts. This is an invited 
presentation for the Rivers and Streams Habitat Symposium at the Northeast Fish and Wildlife Conference. 
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Federal, State and local water-supply, regulatory, and planning agencies require easy-to-use, technically 
defensible decision-support tools that can evaluate the effects of existing and proposed water withdrawals, 
compute flow statistics, evaluate baseline streamflow conditions needed for sustaining the health of the 
ecosystem, and estimate inflows to drinking-water-supply reservoirs for safe yield analyses at ungaged 
locations. In cooperation with the Massachusetts Department of Environmental Protection, an interactive, point-
and-click decision-support tool was developed in combination with a geographic-information system to address 
these needs.  This decision-support tool estimates unregulated and regulated daily streamflow at any user-
selected location along a perennial stream in Massachusetts. Users can estimate water availability and test 
water-management scenarios for an ungaged basin by comparing estimated streamflows to user-specified, time-
varying ecological-flow targets or by simulating changes in water use at individual withdrawal points. A 
spatially-referenced database of ground- and surface-water withdrawals, ground-water discharges, and National 
Pollutant Discharge Elimination System (NPDES) return flows was populated statewide. For a user-selected 
basin, the effects of ground- and surface-water withdrawals and discharges are subtracted and added, 
respectively, from the unimpacted, daily streamflow to obtain a time series of regulated, daily streamflow at an 
ungaged location. Users also have the option to apply an analytical solution to time-varying ground-water 
withdrawals and discharges that considers the effects of the aquifer properties on the timing and magnitude of 
streamflow alteration by water use. New methods were developed to estimate unregulated, daily flow-duration 
curves and time series of streamflows at ungaged sites. Estimated unregulated and regulated daily streamflows 
show good agreement with observed unregulated daily streamflows and compare reasonably well with the 
results obtained from a calibrated rainfall-runoff model.  
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In-stream habitat improvement has been utilized to stabilize stream banks and increase habitat for aquatic 
organisms. In 2002-03, we established eight 100-m long reaches in Buffalo Creek, Washington County, 
Pennsylvania. Four of the reaches were preliminarily assessed as unstable (treatment) because of accelerated 
bank erosion and increased sedimentation, while the remaining four reaches were considered stable (control). 
Prior to habitat improvement, macroinvertebrate and fish surveys were performed. Habitat renovations occurred 
during winter 2003-04 and were followed by post-renovation assessments from 2004 to 2006. Prior to 
renovation, stable reaches had greater stream bank stability, larger substrate particles, and higher benthic 
macroinvertebrate abundance, richness, and relative diversity. Stable reaches also supported significantly 
greater fish biomass and species-specific catch densities. Within one year post-renovation, treatment reaches 
contained aquatic communities similar to those of control reaches. These findings suggest that degraded aquatic 
habitats can quickly respond to in-stream habitat renovation. 
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Human development and use of the landscape often requires an ecological risk assessment to determine the 
probability of harm to aquatic communities. This assessment is usually required by either state and/or federal 
law and associated regulations and policies that can often vary from state-to-state. History has shown that the 
impacts from these activities can be either direct, such as a physical encroachment of an aquatic habitat or 
indirect, such as water quality degradation or the diminution of water quantity. This presentation will discuss 
these impacts at varying geographic scales ranging from headwaters to large rivers and discuss various types of 
current human development activities that pose risks to aquatic communities that live in Pennsylvania’s streams 
and rivers. These range from coal mining to oil and gas development to sand and gravel dredging to water 
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withdrawals. A simple, but revealing, model that is commonly used to make decisions in the permitting of these 
activities will be presented and an explanation of how science is used as a variable in these decisions will be 
explained. 
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The presentation will report on the results of a survey of the extent and morphological characteristics of 
unmapped headwater streams in central Massachusetts forests. The goal of the survey was to assess the 
accuracy of using the terminus of "blue line" streams on 7.5% U.S. Geological Survey topographic maps as the 
basis for defining and delineating streams for regulatory purposes. The survey identified a randomly selected 
sample of blue-line stream terminus within the watershed of the Quabbin Reservoir to (1) assess the accuracy of 
this delineation, and, if inaccurate, (2) characterize the physical attributes of the stream and riparian forest 
upstream of the mapped blue-line terminus. At each sample stream terminus, we determined if there was an 
unmapped segment upstream of the mapped terminus. If an unmapped segment was present, we collected data 
at the reach- and cross-section scale for a 100-m segment downstream of the mapped terminus (control) and to 
the true origin of the unmapped segment. Data are summarized at the segment, reach, and cross-section to 
describe the extent and character of this heretofore unrecognized resource. 
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In 2008, The Nature Conservancy, in close collaboration with representatives of state and federal agencies and 
river basin commissions, completed a set of recommendations on how instream flow protection could be 
improved within Pennsylvania. These recommendations were developed at the request of Pennsylvania natural 
resource and water management agencies, primarily Pennsylvania Department of Environmental Protection. 
Recommendations address approaches for establishing baseline, current, and future flow conditions and 
assessing flow alteration in Pennsylvania streams; developing quantitative relationships between flow alteration 
and ecological responses; defining instream flow criteria applicable to various stream types; and applying these 
criteria to decisions about water use. The project included a pilot analysis to develop flow alteration - ecological 
response curves. The project also included a pilot stream classification using USGS Hydroecological Integrity 
Assessment Process (HIP) software and development of a regression model to assign hydrologic types to 
ungaged sites. This presentation will summarize these recommendations and present results of the pilot 
analyses. The presentation will also cover a follow-up project to develop ecologically-based flow criteria for 
subwatersheds within the Susquehanna River basin that may have applicability in similar streams elsewhere in 
Pennsylvania. 
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This project developed a standard Northeastern Aquatic Habitat Classification (NAHCS) and GIS map for 13 
northeastern states (ME, NH, VT, MA, RI, CT, NY, PA, NJ, DE, MD, VA, WV, and DC.) that are part of the 
Northeast Association of Fish and Wildlife Agencies (NEAFWA). This classification and GIS dataset was 
designed to consistently represent the natural aquatic habitat types across this region in a manner deemed 
appropriate and useful for conservation planning by the participating states. This product was not intended to 
override state classifications, but is meant to unify state classifications and allow for looking at aquatic 
biodiversity patterns across the region. The NAHCS habitat classification is based on a biophysical aquatic 
classification approach (Higgins et al. 2005) and uses four primary classification attributes to define habitat 
types. These variables include size, gradient, geology, and temperature. Ecologically meaningful class breaks 
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within each of the four variables were developed and the resultant variables and classes combined to yield a 
regional taxonomy with 259 stream types. The full types can be simplified using recommended prioritization 
and collapsing rules. It is anticipated that these Northeastern Aquatic Habitat Classification (NAHCS) products 
will allow each state to identify and map aquatic habitat types consistently across state lines and provide 
opportunities for new understandings of aquatic biota, aquatic habitat conditions, and aquatic priority habitats. 
The data and report can be downloaded from http://rcngrants.org/node/38. 
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The Susquehanna River Basin Commission (SRBC) is a federal-interstate watershed agency established under 
the Susquehanna River Basin Compact, which was signed into law on December 24, 1970. The Compact joined 
the federal government, New York, Pennsylvania, and Maryland as equal partners for a period of 100 years to 
manage the basin's water resources based on watershed boundaries, not political sub-divisions. This gives 
SRBC the unique ability to help resolve potential interstate water disputes. Mr. Heicher's presentation will focus 
on SRBC's role in monitoring, assessment, restoration, and protection of fisheries, water quality, and aquatic 
habitat. SRBC's regulatory role with respect to water withdrawals and consumptive (depletive) water uses also 
will be discussed. 
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In recent years river restoration actions such as habitat improvement, restoration of flow and water quality, and 
removal of dams have become increasingly common in New England. Strategic dam removals may restore flow 
regime, geomorphic integrity (e.g. sediment transport), aquatic habitat, water quality and open habitat 
connectivity for diadromous fish species, provide conditions that could prove more conducive to native riverine 
species, and increase ecosystem connectivity and productivity potential. These changes may justifiably benefit 
ecosystem or fishery resource values. Quantitative monitoring methods are emerging to provide project 
sponsors and resource managers sufficient objective information upon which to scientifically evaluate the action 
over time, that surpass inferences made from qualitative, anecdotal and subjective observations regarding 
expected or unexpected biological responses to restoration actions.  Metrics pertaining to fish assemblage 
response are desirable because:  (1) Improved fisheries are frequently a goal that attracts public support, (2) Fish 
are consumers of ecosystem productivity, hence abundance, diversity and biomass are indicators of ecosystem 
productivity, (3) Information about fish is easy to communicate to the public.  Recent work in Maine has 
focused on both development of an Index of Biotic Integrity (IBI) model applicable to northern New England 
river ecosystems, and documentation of existing statewide fish assemblages on large, unwadable river systems. 
The IBI is constructed to be sensitive to applicable ecoregion ecological parameters as an index of response that 
can be applied to assess fish community changes to a range of restoration actions on either a localized or 
landscape scale. The IBI measures the structure and function of a faunal assemblage at multiple survey sites 
over time in response to restoration actions, or a new impact. This paper summarizes aspects of methods, the 
status of metric development, and overview of ongoing applications pertaining to dam removal assessment in 
northern New England. 
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Previous studies have related abundance of salmonids to descriptions of stream morphology generated by 
creating a longitudinal depth profile along the thalweg of a stream (thalweg profile). The objective of this study 
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was to determine the relationship between brook trout (Salvelinus fontinalis) populations and stream channel 
morphology as defined by the thalweg profile in Pennsylvania streams. Brook trout streams were selected using 
historic data from the Pennsylvania Fish and Boat Commission (PAFBC). Twenty-eight streams were selected 
in central Pennsylvania across both the Appalachian Plateau and Ridge and Valley physiographic regions and 
were selected across the PAFBC's trout stream classifications. To determine the appropriate reach length for our 
study sites, we surveyed the thalweg profile for 1 km of five streams. The appropriate reach length was 
determined using bootstrap simulation and the length at which the variation in the thalweg profile stabilized 
indicated a representative reach. The preliminary streams had an average representative reach length of 220m. 
Based on this preliminary survey, we surveyed 250 meters of 28 streams. The thalweg profile of each stream 
was taken using laser level survey equipment. Metrics calculated from the profile included length in residual 
pool, mean maximum residual pool depth, percent pool length, and a variation index (standard deviation of 
residual pool depth). Brook trout were sampled by backpack electrofishing and populations estimated by 
removal and mark-recapture estimators. Data analysis is ongoing and we expect that brook trout abundance will 
be correlated with thalweg metrics. The results of this study may provide fisheries managers with a statistical 
model that will help estimate the amount of habitat complexity needed within a reach to support a desired 
population level of brook trout. 
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Classification systems simplify and organize the complexities of natural stream and river ecosystems, but must 
accommodate the various spatial scales at which ecological processes occur. As part of the Great Lakes 
Regional Aquatic Gap Analysis Project, we developed a multi-scale, hierarchical classification system for lotic 
habitats based on landscape characteristics. This system provides a standardized set of nested generic spatial 
units encompassing all lotic habitats at scales ranging from the stream segment to the entire Great Lakes 
Region. Predictive fish abundance models provided data for populating those spatial units and we generated a 
fish-based classification of aquatic habitats throughout the Great Lakes Basin. Application of the framework 
within selected watersheds illustrates how this decision-support system functions and the wide array of fisheries 
and biodiversity conservation issues that may be addressed. Broad-scale areas of high biodiversity can be 
identified and compared with site-specific species diversity conditions and habitat features. Areas supporting 
abundant gamefish populations or forage species were easily located and the associated optimum habitat 
conditions examined. The classification system may be useful to prioritize protection and restoration efforts 
throughout the region. 
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Over the past century, stream ecosystems in northern New England have experienced significant riparian 
deforestation, channelization and related activities. Although many riparian areas have re-vegetated and modern 
Federal and State Regulatory Programs prohibit most in-stream alterations, the legacy of these activities still 
manifest themselves in the quality and quantity of today’s stream habitat conditions. Since the early 1990s, the 
US Forest Service has conducted habitat restoration in small upland streams (mostly 2nd and 3rd order) 
involving the addition of large woody debris (LWD) to stream reaches, which we used as experimental 
manipulations to test LWD effects on stream habitats and biota. In addition, we have conducted extensive 
surveys of in-channel and riparian wood, and used simulation models to estimate predicted wood loads under 
old-growth conditions. We found that LWD restoration increased wood levels to those expected under old-
growth conditions. These additions significantly changed physical habitat conditions, and were associated with 
increased abundance and diversity of aquatic macroinvertebrates and resident trout. Currently, we are extending 
this work to investigate the effects of our restoration efforts on sediment storage and channel form in these 
upland streams.  
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The Atlantic Coastal Fish Habitat Partnership (ACFHP) has completed an assessment of existing information to 
aid in developing a strategy to conserve, protect, restore, and enhance habitat for native Atlantic coastal, 
estuarine-dependent, and diadromous fish. The assessment includes three components: 1. a comprehensive 
bibliographic database , 2. a basic GIS to provide a regional spatial base layer, and 3. a summary document with 
analyses of policy-relevant habitat assessment information. The spatial bibliography was created by linking a 
bibliographic database developed in Microsoft Excel and exported to SQL Server, with a spatial framework 
developed in ArcGIS and exported to GoogleMaps. The bibliography is a comprehensive, searchable database 
of selected documents, data sets, and analyses, pertaining to Atlantic coastal habitats. Key information captured 
for each entry includes basic bibliographic data, spatial footprint (e.g. waterbody or watershed), contacts and 
partners, species and habitats covered, and electronic availability. In addition, assessment criteria and other 
policy-relevant information pertaining to individual waterbodies are extracted from each entry. The spatial 
framework is a functional digital map based on polygon layers derived from NOAA's Coastal Assessment 
Framework, Marine Cadastre, and other sources, providing spatial reference for all of the documents cited in the 
bibliography. Together, the bibliography and its spatial framework provide a powerful tool to query and assess 
available information. It will support the development of priorities for ACFHP's future conservation efforts, 
which include a geographic area stretching from Maine to Florida, from the headwaters of coastally draining 
streams, and offshore towards the continental slope. ACFHP is recognized as a "candidate" Fish Habitat 
Partnership under the National Fish Habitat Action Plan (NFHAP), with participation from federal and state 
agencies, tribes, non-governmental organizations, and other entities. 
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The Delaware River is a valuable ecological resource and a vital municipal water supply for the City of New 
York. Conflicting demands on the Delaware Basin have historically had a significant impact on the river 
channel and on the critical habitats that support aquatic species, including federally endangered dwarf 
wedgemussel. The urgent call for the protection and recovery of the existing population of dwarf wedgemussels 
has prompted the need for long range sustainable planning which can effectively accommodate multiple uses.   
A large part of this effort is based on an assessment of the current impact of human alterations on the Basin. 
Included in this would be an evaluation of the impact of the newly relicensed hydro-power project on the 
Lackawaxen River, as well as 3 dams (Pepacton, Canonsville, and Neversink,) located within the flow in the 
more sparsely populated Upper Delaware Basin.   The study presented here develops a model of the habitat 
conditions for dwarf wedgemussel for the 85 miles of the Upper Delaware River, using the combination of 
micro and mesohabitat models. We first investigated the obvious hydraulic and thermal differences between the 
areas occupied by the mussel and unoccupied locations. Further, we investigated temporal change of simple and 
complex hydraulic attributes in the mussel beds to identify microhabitat areas with potential mussel habitats. 
These areas served in the development of habitat suitability criteria at the mesoscale level, which allowed us in 
turn to define habitat distribution in the entire study area. The preliminary results of our modeling will be 
presented.  
�
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Traditional approaches to designing fish-friendly culverts focused on the upstream passage of adult phases of 
anadromous fish species. Today, a more holistic approach to stream crossing management has been developed, 
as the passage of all aquatic organisms, streambed substrates, and instream wood is now considered. The U.S. 
Forest Service has drafted guidance for aquatic organism passage, and has identified “stream simulation” as the 
preferred stream crossing design method. Stream crossing inventories have been conducted on the White 
Mountain National Forest over the last three years. Summaries of inventory data, examples of stream crossing 
failures, and examples of stream simulation design techniques recently applied are presented. Stream 
connectivity strategies at the watershed scale for mitigating the potential effects of acid deposition and climate 
change on the Eastern brook trout and other coldwater species is discussed.  
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Abundance of wild brown trout in the Batten Kill experienced a significant decline during the late 1990s 
following which the population has failed to substantially recover. An interagency team of fisheries and aquatic 
biologists identified possible limiting factors or causes for the decline, and between 2000 and 2005 studies were 
conducted to assess if any of these factors may have been responsible. Population modeling and habitat 
assessments indicated yearling-size trout survival is low and available fish cover habitat throughout the Batten 
Kill main stem is deficient. In the fall of 2006 a pilot habitat restoration project was initiated constructing cover 
structures in a 1,200 foot long section of river. Trout population response to the increased available cover is 
being monitored and compared with population estimates measured within the project site prior to cover 
enhancement and to two main stem control sites. Results from the first four years of a five-year (2005-2009) 
planned project are presented.  
�
�)#")#0#<#&$��)(�%�2")�04(��)"0(�0#"&�"2�%0)(���
#" '#.()%#0-�2)"��
#��(&'#&$�5)
�&#<�0#"&  
%�����%������
�1���3�����
�������������
������)���� ���=�������� �'�������������&�������)���������
Higher proportions of North American stream dwelling species are imperiled compared to terrestrial species. 
Nearly 10% of the freshwater fishes historically found in Maryland, including the endemic Maryland darter 
(Etheostoma sellare), have become extirpated within the last 30 years and 90% of extant mussels in the state are 
imperiled. We have documented drastic effects from urban sprawl on Maryland's stream biodiversity, which 
was most likely responsible for a large proportion of the recent biodiversity loss. Forecasted increases in 
urbanization will continue to threaten much of the area surrounding Washington D.C. and Baltimore in the near 
future. In an effort to protect remaining biodiversity hot spots, we identified stronghold watersheds for rare, 
threatened, or endangered freshwater fish, amphibians, reptiles, and mussel species. These watersheds are being 
used as priority areas for conservation strategies such as pursuing land acquisition and easements, 
recommending zoning changes to local jurisdictions, and tiered aquatic life use designations. Protection 
guidelines are now being generated for imperiled species in stronghold watersheds using empirical relationships 
between species occurrences and habitat and landscape data from the Maryland Biological Stream Survey. By 
continuing to endorse the protection of stronghold watersheds, while promoting scientifically-defensible limits 
on urbanization, we hope to realize our goal of enduring stream biodiversity conservation for Maryland. 
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Dam removal is arguably the most powerful river restoration tool in use today. A successful dam removal 
program can concomitantly address issues of decaying, outmoded infrastructure and widespread aquatic habitat 
degradation and fragmentation. Pennsylvania leads the nation in dam removals, having removed over 150 dams 
in the past 10 years. Pennsylvania has taken the national lead due to the investment of state employees and 
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funding, a streamlined permitting approach, and a collaborative effort between the PA Department of 
Environmental Protection, PA Fish and Boat Commission and American Rivers. These factors combined with a 
pragmatic approach to project management and the development of skilled consultants and contractors have 
resulted in an increasing rate of dam removals across the Commonwealth at an average cost that is much lower 
than other states. This presentation will discuss the components of Pennsylvania’s process for those interested in 
increasing the use of dam removal as a restoration tool in other states and for those in Pennsylvania interested in 
learning about dam removal project management in Pennsylvania. 
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Over the last decade, NOAA Restoration Center funding and technical assistance experience covers 88+ dam 
removals and an increasing number of nature-like fishway projects throughout the Northeast (ME-VA), working 
collaboratively with municipalities, NGOs, and state and other federal agency partners to drive these projects to 
completion. Most projects go through a multi-phase, multiple-year process of feasibility assessment, 
alternatives analysis, design, permitting, construction, and post-construction performance monitoring. Project 
teams often face an array of constraints to successful dam removal but those which pose the greatest challenges 
include: (1) dams and other structures as historic features; (2) sediment transport and contamination; and (3) 
changes to regulated water resources. Mitigation measures have and can be used to address and off-set historic 
resource designations; sediment transport modeling serves to predict whether and how much sediment will 
migrate with removal; and HEC-RAS modeling is often used to determine potential impoundment drawdown 
and predicted changes to upstream wetlands. Advancing work in dam removal efforts include more rigorous 
analysis to improve fish passage efficiency and monitoring of the effects of removals on passage efficiency and 
ecological services and documenting local community benefits and a stimulated economy. 
 
%�����:�)��������#��������������%������� �*�� ����� ���������������������������&���������

�
#&0)"'5�0#"&6�".().#(*�"2���#��0(8�4�&$(�)(��0('��� 0#.#0#(%���)"%%�04(�
&")04(�%0  
������������
�&��������*�� �����2� �������  
This presentation will highlight the various activities taking place at state and regional levels within the 
Northeast to address climate change and protect wildlife and habitats from climate change.  
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Maine, New Hampshire, New York and Vermont are collaborating to restore, maintain and enhance the six top-
priority habitat linkages in the Northern Appalachian Ecoregion to benefit at least 41 Species of Greatest 
Conservation Need. By integrating conservation planning at the ecoregional scale with land protection and 
technical assistance activities at the local scale (where land use decisions are made), habitat connectivity will be 
secured to facilitate climate-change related wildlife movements. This presentation will review the processes 
used to identify regional scale corridors, prioritize conservation strategies and build partnerships to get the job 
done.  
�
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This presentation will describe an effort underway to organize a Northeastern Adaptation Coalition. The 
formation of this coalition is in response to outcomes from an adaptation conference in Massachusetts in 
November 2008. The coalition will serve as an information network to facilitate the exchange of information 
among implementation partners and identify and facilitate adaptation options.  
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Learn how Virginia is engaging stakeholders around the issue of protecting wildlife from climate change and 
updating their Wildlife Action Plans and how Virginia is working with stakeholders to identify key issues and 
concerns related to climate change and wildlife, including actions they can take to protect wildlife from climate 
change.  
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This presentation will describe the vulnerability assessments Massachusetts is conducting for its priority 
habitats and how this will be integrated into the Massachusetts Wildlife Action Plan and other conservation and 
management efforts.  
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New York State is out in front of work in the Northeast to address adaptation issues related to sea level rise in 
coastal areas. This presentation will elaborate on the scope of the program and its components, summarize 
progress to date, future activities, lessons learned and advice for others. The region supports not only complex 
metropolitan and suburban areas, but also diverse marine, coastal and estuarine habitats at great risk. This task 
force recognizes the connectivity between wildlife and people and the ecosystems on which they depend.  
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Diamondback terrapin (Malaclemys terrapin) populations in the Chesapeake Bay region of the United States 
have declined from their historic abundance because of multiple factors, including commercial harvesting, 
habitat loss due to human development and erosion, drowning in crab and eel pots, and accessibility of nests to 
predators. In areas with high raccoon (Procyon lotor) and red fox (Vulpes vulpes) populations, predation on 
diamondback terrapin nests by these mammals can be significant. We studied the use of electric fences on 
terrapin nesting beaches to reduce mammalian predation of terrapin nests. During the summers of 2007 and 
2008, we set up treatment (fenced) and control (unfenced) plots on two nesting beaches of the lower Patuxent 
River near Mechanicsville, Maryland. Our objective was to design and test a system that would allow access to 
nesting areas for female terrapins and simultaneously exclude mammalian predators. We monitored the plots 
daily or several times per week throughout the nesting season and recorded the number of intact and depredated 
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nests. Over the 2-year study, the depredation rate within treatment plots was 40% (4 of 10 nests) compared to 
69% (20 of 29 nests) in control plots. We believe that electric fences have potential as a conservation technique 
for reducing mammalian depredation on diamondback terrapin nests. 
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The NWRC is the research arm of Wildlife Services, a program within the Animal and Plant Inspection Service 
of the U.S. Department of Agriculture. NWRC headquarters is in Fort Collins, with 8 field stations throughout 
the United States. NWRC scientists conduct research to resolve a variety of wildlife-human conflicts, including 
wildlife damage to agriculture and property, wildlife-vectored diseases that impact humans and livestock, and 
wildlife predation on species of concern. The NWRC employs a broad range of specialists that use a 
multidisciplinary approach to resolving such conflicts. The staff includes wildlife ecologists, physiologists, 
epidemiologists, virologists, economists, chemists, toxicologists, pesticide and drug registration specialists, 
geneticists, reproductive physiologists, and other specialists. The NWRC currently is involved in a number of 
research projects involving issues of importance to the Northeast. The opportunity for forging additional 
research partnerships to resolve such issues should be pursued. 
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State, federal, and academic researchers are working together to investigate a catastrophic threat to hibernating 
species of bats in the northeastern United States. The first evidence of white-nose syndrome (WNS) was 
recorded in a photograph in February 2006, at a hibernaculum near Albany, New York. By February 2009, 
WNS is known to have spread to over 60 sites in nine U.S. states (Connecticut, Massachusetts, New York, New 
Jersey, Pennsylvania, Vermont, West Virginia, New Hampshire, and Virginia), and is believed to be responsible 
for the death of hundreds of thousands of bats across six different species. Hibernating bats can travel well over 
100 miles between summer territories and hibernacula, so the ecological impacts of WNS actually extend much 
farther than the borders of these nine states when summer ranges are considered. Because of this wide 
geographic scope and the grave threat posed by WNS, close coordination and collaboration between many 
different agencies and organizations is required. Moreover, biologists and scientists from state health 
departments, private institutions, universities, and federal labs are actively researching the cause of WNS, and 
working collaboratively to investigate potential measures to contain the spread to unaffected areas. The U.S. 
Fish and Wildlife Service has taken the lead in coordinating and funding research and management activities, 
but many organizations and agencies are providing support for such efforts. A meeting held in Albany, New 
York, during June, 2008, provided direction for research and the coordination of management actions through 
the winter of 2008-2009. Although there has been considerable progress made in the identification of the fungus 
associated with WNS, there are still many unanswered questions regarding transmission of WNS and the causal 
chain of events that result in mortality. Intensified monitoring and research during the winter of 2008-2009 
documented the continued spread of WNS, and should provide some much needed answers to guide the 
ongoing WNS investigation. 
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The administration of Solebury Township, Bucks County, Pennsylvania entered into a Cooperative Service 
Agreement with U.S. Department of Agriculture Wildlife Services (WS) to initiate a white-tailed deer damage 
management program to reduce agriculture and property damage, and ecosystem imbalance by managing white-
tailed deer relative to acceptable levels of damage. The interspersion of land uses in Solebury Township, 
especially the juxtaposition of agriculture and suburban development, created an environment where deer found 
abundant resources in close proximity to refugia where hunting could not or was not permitted to take place. 
The program incorporated an integrated approach, which included developing beneficial relationships among 
landowners, hunters, and wildlife professionals to reduce and maintain deer densities at desirable levels; 
education about wildlife conservation; implementation of non-lethal deer damage management techniques; and 
monitoring the impacts of deer on the environment. Our initial surveys prior to instituting management actions 
indicated that deer densities averaged 142 deer per square mile. From June 2007 through October 2008, WS 
removed 1,002 deer via sharpshooting. WS operated on 77 properties of agricultural and residential land uses 
totaling 2,788 acres, which comprised 17 percent of the land area of Solebury Township. The deer removed 
from Solebury Township yielded 28,550 pounds of venison, which was donated for charitable food distribution 
locally. After the suspension of sharpshooting and after 6 weeks of archery hunting by private citizens had 
occurred during the 2008-2009 sport hunting season, WS deer density surveys indicated that the population was 
reduced to 42 deer per square mile. The annual rate of deer-vehicle collisions during 2008 was the lowest on 
record indicating a >15% decrease from before the program. Crop yields for corn and soybeans increased >18% 
from before the program. A phone survey of residential landowners suggested visibility of deer along roadways 
and in residential areas was reduced. None of the residents surveyed reported an increase in damage to their 
landscape plants since the start of the program. In forest regeneration surveys, WS noted little difference among 
treatment sites where sharpshooting occurred and control sites where no sharpshooting occurred, which 
suggested that the forest understory may require years to recover from severe long-term overbrowsing by deer. 
Solebury Township plans to continue monitoring deer densities relative to their damage management goals and 
will continue deer damage management activities as necessary. 
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The necropsy of mammals, avian, reptilian, amphibian aquatic species will be covered in a comprehensive 
presentation and hands-on workshop. The discussion will include the tools of the trade, fixation methods for 
various tissues and requirements, for testing in such fields as toxicology, molecular studies and parasitology. 
We will provide gross specimens for evaluation and demonstration and hands-on dissection. In addition, 
pathologic tissues can be a challenge to identify, describe and properly handle. The objective of this workshop 
is to present the field scientist with a variety of animal species, incorporating different necropsy methods and 
approaches to the field collection. A discussion of the normal and gross descriptive terminology is a primary 
focus of this workshop. Participants will be challenged to 1) identify tissues (normal), 2) identify the pathology 
(abnormal), 3) describe the lesions in an appropriate manner for the pathologist/researcher, and 4) evaluate the 
best method of specimen collection or sectioning and presentation. The workshop is designed to allow 
participants to study comparative anatomy, visualize and interpret what is in front of them and collect and 
preserve materials for the best outcome of field studies. 
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Research at the Monell Chemical Senses Center has shown that trained mice can reliably discriminate odors of 
conspecifics infected with a retrovirus (Mouse Mammary Tumor Virus; MMTV) from the odors of non-infected 
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mice. Recognition of these odor signals occurs prior to any obvious symptoms in the infected animals. More 
recently, research at Monell has demonstrated that mice with experimentally induced lung tumors can also be 
identified by changes in body odor. This suggests that many assaults on the immune system result in diagnostic 
chemical signals detectable by trained sensor animals.  In the present study, we trained mice to identify the 
odors of mice vaccinated with the Rabvac3 rabies vaccine (killed) in a Y-maze. In a series of 48 trials, urine 
sampled from vaccinated and control mice were randomly placed in opposing arms of the maze. Water-deprived 
sensor mice were provided a water reward for correctly choosing the arm containing urine from vaccinated 
mice. Once trained, trials were repeated with new urine sources from unfamiliar donors (vaccinated and 
control). In these confirmatory trials, the operator running the experiment was unaware of the vaccination status 
of the urine samples and the trials were unrewarded. Seven mice correctly identified the vaccinated odor source 
46 times in 71 exposures (65%) which is statistically greater than chance (p = 0.006). We are currently applying 
this same testing paradigm to fecal samples collected from controls and ducks infected with a low pathogenic 
avian influenza virus. Detection of chemical signals indicative of disease or vaccination holds tremendous 
promise for evaluating infection rates in wildlife populations and monitoring abatement programs. 
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The National Wildlife Research Center (NWRC) is the research arm of the USDA APHIS Wildlife Services; 
which provides federal leadership and expertise for resolving human-wildlife conflicts. The National Wildlife 
Research Center applies scientific expertise to the development of practical methods to resolve these conflicts. 
An issue of growing concern in eastern states, specifically Virginia and West Virginia, is livestock predation. 
Since the arrival of coyotes in these states, the number of livestock lost to predation has and continues to 
increase, despite integrated predation management. The identification of gaps in our knowledge of the eastern 
coyote is necessary to direct research and address current and future conflicts. Current work includes a literature 
review of eastern coyote ecology and a study of its home range and its use of landscape features. 
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Watchung Reservation is a 2,065-acre county park administered by the Union County Department of Parks & 
Community Renewal, located twenty miles from Manhattan. Hunting has been prohibited in the Reservation 
since at least the 1920’s. During the 1980s, the number of neighboring homeowners complaining of deer 
damage to backyard gardens increased, as did the number of deer - vehicle accidents on roads surrounding the 
Reservation. Spotlight counts and aerial infrared surveys indicated that at least 300 deer resided in the park (93 
deer per square mile). After much consideration and public input, Union County decided to open the 
Reservation to hunting. The first controlled hunt in Watchung Reservation occurred in January 1994, and deer 
culling programs using volunteer marksmen, conducted under New Jersey’s Community Based Deer 
Management Program, have been conducted every year since, except in 2003. The physical condition and 
reproductive rates of culled deer were examined in the fifteen years of hunting at Watchung. All culled deer 
were weighed. Antler beam diameters of male deer were measured and the numbers of embryos and corpora 
lutea were counted in each pregnant deer culled. The deer were found to be in standard or above standard 
physical condition. The deer population at the Watchung Reservation has been maintained at 20 – 30 deer per 
square mile since 1999. With the exception of yearling male deer, the average weights of deer by gender and 
age-class did not change significantly in the fifteen years since deer hunting was instituted. The reproductive 
rates of yearling and older female deer did not increase significantly. However, the reproductive rate of female 
fawns increased slightly. Despite the slight increase in reproductive rate, the population of deer at the Watchung 
Reservation would have been fourteen times the density it is today, if there had been no hunting program.  
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In response to concerns that highly pathogenic avian influenza (HPAI) H5N1 would be introduced into the 
United States, an interagency strategic plan for the early detection in wild, migratory birds was developed and 
implemented throughout the northeastern United States and the Atlantic Flyway. Implementation of the 
interagency strategic plan involved cooperation between USDA-APHIS -Wildlife Services, Department of 
Interior, State Wildlife Agencies, diagnostic laboratories, Tribal cooperators, and many others. The purpose of 
the plan was to standardize surveillance and diagnostic methods, identify priority species, as well as centralize 
reporting. Sampling goals for each state were based on several criteria and improved with input from the 
Atlantic Flyway Council Technical Committee. Within the 13 states represented in the Northeast Association of 
Fish and Wildlife Agencies (NEAFWA), six were rated level 1 and seven rated level 3. No states represented by 
NEAFWA were rated level 2. During the 2006 biological year (April 2006-March 2007) NEAFWA states 
collected a total of 18,346 samples were taken from wild birds, in the 2007 biological year (April 2007- March 
2008) a total of 15,739 wild bird samples were collected. During the 2008 biological year (April 2008-March 
2009) a total of 15,200 samples are proposed to be collected in states represented by the NEAFWA. As an 
additional component of HPAI surveillance, environmental (fecal) samples from wild, migratory bird loafing 
areas were collected and submitted for testing. This included a total of 13,115 fecal samples during 2006 when 
all states in the Northeast participated and 4,650 samples during 2007 and a total of 4,700 environmental 
samples are proposed to be collected during the 2008 biological year when only 5 states participated in testing. 
Sampling from NEAFWA states represent 18-25% of the national total for wild bird and environmental samples 
collected.  The interagency strategic plan, although designed to standardize HPAI surveillance, allowed states 
flexibility to sample based on wildlife management priorities and species availability. Sampling strategies, 
species priorities and diagnostic results will be discussed and compared from the 3 year effort in which 
surveillance occurred. 
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Midwinter Waterfowl Survey (MWS) trends continue to show declines in the number of wintering American 
black ducks (Anas rubripes), particularly across the southern portion of their winter range. The most current 
wintering population estimate according to MWS data in the Atlantic Flyway is 188,071, 68% below the 1955 
population estimate. The ultimate goal of this research is to provide an estimate of carrying capacity for 
southern coastal New Jersey and a recommendation of the type(s) and amount of habitat required to support and 
maintain projected regional population goals. Coupled with MWS data, this estimate of carrying capacity 
should allow managers to determine whether current populations are below, at, or above that level and adjust 
habitat management goals to facilitate these population goals. To estimate carrying capacity, we built an 
inclusive model through estimates of 1) habitat and food resource availability from five habitat types, 2) food 
utilization and metabolizable energy values of these foods, and 3) and time-activity budgets and energetic 
requirements during the winters of 2006-07 and 2007-08. To quantify these variables, we examined food 
availability and consumption through 1,026 invertebrate and moist soil seed habitat core samples and 64 hunter-
harvested crop collections while we conducted 694 instantaneous scan samples to quantify time spent in 
behavioral states and daily energetic requirements. Our results indicate a possible deficiency in energy 
availability in late winter and prior to spring migration based on the demand of observed black duck numbers 
wintering along MWS transects across the study area. Mudflat habitats within the estuarine ecosystem had the 
greatest potential for food resource energy exploited by black ducks. 
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Minimal information exists regarding eastern elk (Cervus elaphus) habitat use, and no data are available for elk 
habitat selection in Pennsylvania. This study examined habitat characteristics of neonate elk (£ 7 days old) 
resting sites, a habitat component critical to elk population growth, calf survival, and movements. We captured 
and radio-collared 93 elk calves from 2005-2008 in northcentral Pennsylvania. Calf survival estimates were 
0.965 ± 0.02 for the neonate period (birth-15 July), 0.918 ± 0.03 for the fall (1 Oct- 31 Dec), and mean annual 
survival was 0.846 ± 0.039. Thirteen calves were known to have died and causes of mortality included, 
unknown (n=4), illegal kill (n=3), harvest (n=2), automobile (n=2), pneumonia (n=1), and rumen acidosis (n=1). 
Habitat data were collected at 84 neonate resting sites and were compared to 82 random sites to determine the 
degree of rest site selection by neonates. Rest sites were closer to an edge, had lower canopy height, greater 
dead woody debris, and greater horizontal density than random sites. We also examined habitat characteristics 
of areas utilized by adult cows during the first 10 days of calf rearing. Cows (n=25) remained within 110 ± 88m 
of their ≤10 day old calf. These calving areas had a greater density of deciduous-to-open edge than random 
sites. The results from this work combined with those from an ongoing study will aid in the enhancement and 
preservation of habitats important to Pennsylvania elk as well as the long-term viability of this reintroduced 
herd. 
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Northern bobwhite (Colinus virginianus) are experiencing rangewide population declines faster than any other 
songbird in North America with 82% loss over 40 years. Some of the strongest declines have occurred in the 
Upper Mid-Atlantic States where abundances were once one of the highest in the country. Consequently, 
regional efforts are underway to determine where bobwhite populations remain and what habitats have the 
potential to support bobwhite for future conservation. Between 15 May - 15 August, 2008, we conducted 3 
replicates of 180 whistle point-count surveys to sample the presence of bobwhite in Delaware and the Delmarva 
Peninsula. We used recorded presence/absence and associated habitat to 1) build a predictive habitat 
distribution model that identifies scale-dependent relationships in habitat use, 2) produce a habitat suitability 
map that reflects predicted presence of breeding bobwhite and grassland songbirds within Delaware, and 3) use 
model outcomes and distribution map to optimize the impact of habitat management efforts. 
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Fishers (Martes pennanti) were extirpated from Pennsylvania by the early-1900s. Regeneration of forests, 
prolonged absence of a trapping season, and a reintroduction effort in the 1990s has resulted in increased fisher 
reports throughout a large portion of the Commonwealth. Nonetheless, no formal post-reintroduction studies on 
fishers in Pennsylvania have been conducted. We examined resource selection of fisher in southwestern 
Pennsylvania from October 2006 - July 2007. We quantified resource selection at the home range and landscape 
scale. We captured and radiocollared 23 individuals (10 M and 13 F). We collected sufficient telemetry 
locations (> 30 locations per individual) to create home ranges during the fall/winter (15 October - 15 March) 
and spring/summer (16 March - 31 July) for 7 and 6 female fishers, respectively. Fisher habitat selection at the 
landscape level did not differ between seasons thus data were pooled. At the landscape level, fisher 
radiolocations were closer to deciduous forest than were random points (p=0.001). Additionally, the distances 
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fisher radiolocations and random points were from open, residential, mixed forest, and coniferous forest cover 
types did not differ. At the home range level, fisher habitat selection differed between the fall/winter and the 
spring/summer (p=0.03). During fall/winter fisher radiolocations were closer to open habitat than were random 
locations (p=0.03). Our results support the importance of deciduous forest communities. At the home range 
level open habitats appear to be important to fisher during the fall/winter. Quantifying fisher habitat selection in 
less forested areas of Pennsylvania should be a topic of further study. 
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Elk (Cervus elaphus) were reintroduced to Pennsylvania nearly a century ago, yet many details of the 
population's ecology, including food habits, remain unknown. An understanding of elk food habits in 
Pennsylvania is critical to develop management strategies intended to enhance habitat quality and promote elk 
population growth and expansion. We examined the influence of age, sex, season, and landscape composition 
on elk diets in Pennsylvania. Elk fecal samples were collected seasonally from November 2006 to January 
2008, and composite samples were created for each season based on age/sex class or region. Composite samples 
were sent to the Wildlife Habitat Nutrition Laboratory at Washington State University for microhistological and 
crude protein analyses. Microhistological analyses identified at least 78 forage species that were consumed by 
elk throughout the entire study period. These included 25 forb species, 12 tree species, 11shrub species, 16 
graminoid species, 5 fern species, 3 crop species, and small amounts of other forage items (i.e., lichen). 
Graminoids and woody browse dominated fall, early winter, and later winter diets regardless of age/sex class. 
All spring age/sex class diets were comprised of >70% graminoids. Summer diets were dominated by 
graminoids (>30%), but crops (>15%), forbs (>12%), and browse (>8%) were important components regardless 
of age-sex class. Elk diets differed seasonally among regions of the Elk Management Area with respect to diet 
diversity, evenness, and overlap. Seasonally, crude protein levels increased from late winter through summer, 
and decreased from summer through late winter. Nonetheless, crude protein levels in all diets analyzed were at 
or above threshold necessary to meet the nutritional demands of elk. Our findings suggest that Pennsylvania elk 
are utilizing a diverse array of forage species that meet their nutritional demands. We suggest land managers 
provide a diversity of forage options for elk that takes into account seasonal shifts in forage quality and elk 
physiological demands. Most importantly, elk population growth and expansion would likely be enhanced by 
management activities that increase graminoid and forb availability during the growing season and graminoid 
and browse availability during the non-growing season. 
�
�5�0#��(�%���(�)(%"5)�(�%(�(�0#"&�
-�(�3�#&�&")04�( &0)����(&&%-�.�&#�  
1�����3������
�1������'������
�������'�.���
���� �� ��4��������
�1�������������
�#� �����5����������
���������������=�1���'�
����
������$���,��
����$��� ������������
Since the reintroduction of elk (Cervus elaphus) into northcentral Pennsylvania, limited research has been 
conducted regarding the ecology of this species. In recent decades, state agencies and other conservation groups 
have initiated several projects intended to enhance elk habitat in northcentral Pennsylvania. Quantifying elk 
resource selection is essential for the design, implementation, and evaluation of management practices intended 
to enhance elk habitat within the Elk Management Area (EMA). The objective of this project was to 
characterize elk resource selection at multiple spatial scales. Specifically, we analyzed approximately 8,000 
radiolocations from 63 elk (25 males, 38 females) collected from 2003 to 2008 using the Euclidean distance-
based analysis to determine elk resource selection at the landscape (2nd order) and home range (3rd order) 
spatial scales. We created 85% and 50% (core) fixed kernel, composite home ranges using the rescaled 
referenced bandwidth on individuals with â‰¥ 50 radiolocations. We used ArcGIS to compared elk 
radiolocations to random locations using 2005-06 land cover data. When choosing a home range at the 
landscape level, elk were closer to coniferous forest, herbaceous openings, and residential land coverages than 
expected and were farther away to deciduous forest than expected. Within 85% and 50% home ranges, elk were 
closer to open herbaceous areas, residential areas, and coniferous forest than expected and were farther away to 
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deciduous forest than expected. Elk habitat selection patterns were similar for all spatial scales suggesting the 
importance of open herbaceous areas and conifer cover in a primarily deciduous forested EMA. We recommend 
that biologists and land managers continue to manage for open herbaceous areas and should further investigate 
elk use of particular herbaceous habitats. Further, the relationship between elk use and deciduous forest type 
(i.e., northern hard wood vs. mixed oak) and stand age should be investigated to determine if selection may 
occur among the various stands within the general deciduous forest classification. 
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Previous bobcat population models have been based on a conservative estimate of 33% annual survival for 
juveniles. Empirical estimates are needed to better understand annual changes in bobcat populations and to 
refine current population models. We conducted intensive ground searches for bobcat natal dens during 14 to 
17-day periods in May and June of 2002-2004. We located 11 litters containing a total of 32 juvenile bobcats 
and surgically implanted 28 juveniles abdominal transmitters to monitor movements and survival. Natal den 
sites were observed in Lycoming, Bradford and Tioga counties. Den sites consisted of rock crevices (5), brush 
piles (4), and a hollow log. Seven mortalities were observed; 6 were caused by predation and 1 was due to a 
vehicle collision. All predation related mortality occurred during the first 81 days of monitoring. Estimated 
monthly survival rates ranged from 0.64 to 1.00 during all years and was greater than has been reported in other 
studies. These estimates and their associated variation have been used to update the current bobcat population 
model to reflect apparent high juvenile survival rates observed in northcentral Pennsylvania. Temporal 
movements of juveniles relative to den sites and maternal females are discussed. 
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Snowshoe hare (Lepus americanus) play an important ecological role in the community dynamics of boreal and 
sub-boreal forest ecosystems through trophic interactions which influence the structure of plant and predator 
communities. Snowshoe hare are important prey for many mammalian and avian predators, including the 
Federally threatened Canada lynx (Lynx canadensis). Snowshoe hare populations in the boreal forest of Canada 
and Alaska are reported to exhibit dramatic cyclic behavior synchronized over large areas, with a periodicity of 
8-11 years, and amplitudes typically ranging 5- to 25-fold. While hare population dynamics in the boreal forest 
are well studied, population dynamics in the southeastern portion of its geographic range are poorly understood. 
We measured seasonal snowshoe hare densities in two study locations within the Acadian forest of northern 
Maine to: 1) determine if changes in hare population levels in the separate locations occur synchronously; and 
2) compare the population characteristics (magnitude, periodicity, rate of change) of hares from northern Maine 
to those for cyclic populations in the boreal forest. Winter hare density fluctuated over the eight year period, 
2001-2008, and occurred synchronously between locations. Peak hare density was 2.3 hares/ha, lower than most 
peaks observed in cyclic populations. Low hare density was 1.0 hares/ha, higher or intermediate to those 
observed for cyclic populations. The 2.3-fold change in hare density from peak to low was substantially 
dampened compared to the extreme amplitudes observed for populations in Canada and Alaska. No cyclic 
period was apparent in the density trend. The decline in density after 2005 decreased at a slower rate than 
typical rates of change during the decline phase of hare cycles in more northerly boreal forests. The density 
trend suggests that hares in Maine exhibit cyclic population dynamics with reduced amplitude compared to 
populations in the boreal forest, or population fluctuations lacking a predictable pattern. Synchronous trends in 
hare density between locations suggest that one or more extrinsic factors are affecting local population 
dynamics, such as spatially correlated climatic effects and the community-level influences of several mobile 
predators. 
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Northern bobwhite (Colinus virginianus) have experienced range-wide declines, largely resulting from 
landscape-scale habitat changes. These declines have been particularly severe in the Mid-Atlantic where little 
research has been conducted. To inform future management decisions, we conducted a two-year (2006-2008) 
radio-telemetry study in southern New Jersey. We investigated breeding and winter season survival rates, chick 
survival, nest success, renesting rate, hatchability, clutch size, proportion of male nesting, and probability of 
second nesting. To identify demographic parameters that might be important for management, we used life-
stage simulation analysis (LSA) to examine the sensitivity of lambda to simulated variation in the nine 
demographic parameters for female bobwhite. A total of 139 bobwhites were radio-marked and included in 
analyses. In a national meta-analysis model it was found winter survival of adults made the greatest contribution 
to variance in lambda (r-squared = 0.44). However we found New Jersey bobwhite Lambda was equally 
sensitive to chick survival (r-squared = 0.25), winter survival (r-squared = 0.23), clutch size (r-squared 0.22), 
and nest success (r-squared = 0.21). Population stability was not achieved in this model and Lambda was 
predicted at 0.67. Of the 4 most sensitive parameters, only winter survival and chick survival could be 
reasonably improved to promote population stability (Lambda = 1). Our simulation results indicate that 
management practices that improve survival from hatching to the following breeding season will have the 
greatest potential benefit for population recovery. 
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Oak trees (Quercus sp) have not been regenerating at historic levels and are being replaced with other species of 
trees in Pennsylvania forests. Fire is important to regeneration of oak, and part of the decline in oak 
regeneration could be attributed to fire suppression regimes in the region. This study looks at seedling and 
sapling composition and regeneration rate within and outside a prescribed burn area. Data on acorn production 
and weevil infestation in the treatment and control sites was also collected A 21.8 acre area of forest near the 
Susquehannock campground area at Raystown Lake was used for the study. All 21.8 acres were thinned and 
6.07 acres were treated with a prescribed burn in May 2005. Sampling plots of 6-ft radius were established 
within and outside the burn area. At each sampling plot, an inventory of all seedling and saplings below 5 feet 
was completed prior to the control burn in 2005. In 2008 sapling inventories were taken within the plots and the 
densities and species composition were compared pre-burn and post-burn. In addition all acorns present in each 
plot were collected, weighed and examined for weevil infestation. Unlike hophornbeam, oak is an important 
food source for wildlife. Preliminary data shows that the overall number of saplings increased 41% from 179 to 
253 saplings. The oak saplings within the control burn plots showed an increase of 118% as opposed to 50% 
outside the treatment area. Hophornbeam (Ostrya virginiana) showed a 79% decrease within the burn area and 
76% decrease outside the burn area. The results suggest that prescribed burns can be an effective way to 
increase oak sapling regeneration in Pennsylvania forests. 
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Managing black bears is of increasing importance to state wildlife agencies throughout the Northeast and other 
regions of the US. Increasing populations of black bears has resulted in bears occurring in exurban, suburban, 
and on occasion, urban areas, and had resulted in both positive and negative human-black bear interactions. 
Public attitudes toward bears has been changing such that some traditional methods (e.g., hunting and 
euthanization) are not as socially acceptable as they once were, whereas other approaches (trap and transfer) are 
preferred but not always feasible. This paper presents results from studies of homeowners in 2 states (Georgia 
and Florida). These 2 states are similar to the Northeast in respect to human demographics, with homeowners 



 33 

from the Georgia study residing in predominantly rural areas, and Florida homeowners sampled from densely to 
sparsely populated counties. Each study was conducted in counties located in regions of major black bear 
populations. Majorities of homeowners from both Georgia (84%) and Florida (87%) reported trap and transfer 
as an acceptable option for managing urban bears, compared with 21% (Georgia) and 18% (Florida) who found 
euthanization an acceptable approach for bears captured in urban areas. A majority of Georgia homeowners 
(53%) agreed that euthanization was an acceptable solution for bears repeatedly causing problems, compared 
with 46% of Florida homeowners. Majorities of residents in both states (Georgia 56%, Florida 53%) were 
unsure as to changes in bear populations where they lived, and few (Georgia 21%, Florida 15%) had personally 
observed a bear in the county where they lived within 12 months prior to the study. Support for regulated 
hunting as way to manage black bear populations was mixed for the 2 states. Most Georgians (71%) favored 
hunting, whereas Floridians were of divided opinions (39% in favor, 30% opposed, 31% unsure). This 
presentation will present behavior models that predict residents’ preference for management approaches based 
on demographics and other parameters, and discuss application of these methods to assess public attitudes 
toward black bears in the Northeastern US. 
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Ocelot (Leopardus pardalis) densities have been studied across Latin America, although exact numbers are 
often highly variable. Usually the most abundant felid predator, their density is thought to be dependent on 
factors such as prey availability, competition from other predators, and human disturbance. Barro Colorado 
Island (BCI), located in the Panama Canal, is a 1500 ha island with high prey populations and very low levels of 
human disturbance. Competition from other predators is seemingly minimal, as jaguars (Panthera onca) rarely 
visit the island and pumas (Puma concolor) appear to be resident but not abundant. Typical prey species on the 
island include Central American agoutis (Dasyprocta punctata), Hoffmann’s 2-toed sloths (Choloepus 
hoffmanni), Tome’s spiny rats (Proechimys semispinosus), and iguanas (Iguana iguana). To survey present felid 
populations, we ran 20 camera traps in ten 1-ha plots from January - August 2008. We used 2 cameras per plot 
and deployed them in randomized locations within the plot, moving them after 8 days, for a total of 588 
locations monitored for 4511 trap nights. In addition, we ran 41 cameras along well-established footpaths 
through the plots for 338 trap nights. We obtained a total of 214 ocelot photos, at a rate of 0.35 ocelots/camera-
night for random sets compared to 1.6 ocelots/camera-night for trail sets. Variation in pelage patterns was 
sufficient to permit unambiguous identification of individual ocelots in 97.7 % of photos. Typically, only one 
side of an animal could be viewed, so photos were separated into right-side and left-side groups which will be 
analyzed with program MARK. We also estimated the amount of palm (Astrocaryum spp.) fruits in each plot as 
an index of food available to ocelot prey and compared these with capture rates per plot. Indeed, capture rate 
per plot was positively correlated with seed abundance (r =0.47), although it was not statistically significant. 
Overall, ocelots dominate the predator community of BCI, and population densities seem to be related to the 
ecology of prey items. 
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Muskrat (Ondatra zibethicus) populations have declined in Pennsylvania and other eastern states during the last 
twenty-five years. Simultaneous declines in available herbaceous riparian habitat occurred due to change in 
farming practices, natural forest succession and the encroachment on and drainage of wetlands. Recent 
conservation efforts, including the Conservation Reserve Enhancement Program (CREP), have improved water 
quality and increased the quantity and quality of upland and riparian herbaceous vegetation. We evaluated the 
effects of streamside vegetation structure and composition on muskrat relative abundance and harvest in 4 
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physiographic units in Pennsylvania. One-hundred twenty buffered and paired unbuffered streams were 
sampled for muskrat relative abundance, vegetation structure and vegetation composition across the 4 
physiographic units. Muskrat harvest results from trappers were compared to vegetation characteristics on these 
and additional sites. Buffered streams, vegetation structure and vegetation composition were significantly 
correlated with muskrat relative abundance. 
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Black bear (Ursus americanus) hunting has come under close scrutiny over the past decade. As bear populations 
have increased and expanded wildlife agencies have been faced with new challenges on how to set population 
and harvest goals. Wildlife agencies have altered proposed regulations or have had seasons entirely stopped 
because of public opinion. We conducted a telephone survey of 1,206 West Virginia residents to determine their 
opinions and attitudes towards black bear populations and hunting seasons. Most respondents thought the black 
bear population was "about right" (38%), 17% thought that it was "too low", 11% thought that it was "too high", 
while 33% responded "don't know." A majority of the respondents (77%) supported black bear hunting if they 
knew that the West Virginia Division of Natural Resources (WVDNR) carefully monitored the population. 
However, support for specific seasons of gun hunting without bait (76% support), archery hunting without bait 
(60% support), gun hunting with dogs (23% support), gun hunting with bait (16% support), archery hunting 
with bait (15% support), or adding a spring season (28% support) varied considerably according to hunting 
method. Forty-three percent of respondents answered that they would support having black bears within 1.6 km 
of their home. Five percent of respondents reported having problems with nuisance bears in the past two years 
with nearly half (43%) contacting someone (most commonly WVDNR) about their problem. The two most 
common complaints involved bears and garbage (42%) and birdfeeders (14%). It is important for wildlife 
managers to consider human dimensions and public opinion data in conjunction with biological data when 
making management decisions. Herein, we demonstrate that it also is important for managers to consider 
regional differences with respect to attitudes and opinions when making management decisions. 
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Until recently, conservation efforts for Mallards (Anas platyrhynchos) have focused heavily on the prairie 
pothole region (PPR) where population densities are relatively high. However, band recovery data suggests that 
a high proportion of Mallards harvested in eastern Canada and northeastern US are from eastern populations. 
Evidence also suggests that low duckling survival and nest success may be limiting Mallard productivity and 
population size in some portions of the Great Lakes region (GLR). Within the PPR, Delta Waterfowl has 
developed and promoted use of artificial nesting cylinders, also known as “hen houses” (HH), to improve nest 
and hen survival, and to thus increase Mallard productivity. HH have proven to be a useful and cost efficient 
management tool for Mallards in the PPR. Outside the PPR, however, there has been very limited use of 
artificial nest structures, mostly at small spatial scales, and HH utilization rates exhibit considerable spatial 
variation. Estimates of HH utilization and nest success, especially at larger spatial scales, currently are 
unavailable in the GLR. Thus, it also is unknown whether HH could be a useful tool to increase Mallard 
production in the GLR. Therefore, information is needed on the utilization and success rates of HH in the GLR, 
as well as for factors that may affect usage. The main objective of my study is to determine utilization rates for 
hen houses placed in several types of potential Mallard nesting habitats in southern Ontario and northwest 
Pennsylvania and to provide wildlife managers with information to help maximize occupancy rates. 
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Social conflicts over wildlife harvest activities in suburban areas create potentially contentious management 
environments for wildlife management agencies. In New York, homeowners along densely-populated 
waterfronts increasingly object to waterfowl hunters discharging firearms over water in close proximity to 
residences. Similarly, residents frequently object to furbearer trapping in their communities after being alerted 
to the presence of trapping activities when incidents of non-target captures occur and are publicized. Social 
conflicts among wildlife stakeholders evolve from limited, in-field interactions to collective actions with 
broader political intentions and outcomes as stakeholders seek to change local town codes, wildlife harvest 
regulations, or state environmental conservation laws. Although the number of incidents each year is limited, 
the political activism resulting from the incidents has been pronounced, including extensive involvement of 
national-level organizations coordinating collective actions to influence local- or state-level decision-making 
processes. These social conflicts are important for wildlife agencies and communities affected by wildlife and 
wildlife management because the outcomes have the potential to restrict access or opportunities for wildlife 
harvest activities, and to influence public perceptions about wildlife as a resource. We analyzed the social 
networks of wildlife stakeholders involved in these conflicts to determine the influence of network relationships 
on becoming politically active. Applying network analysis to the study of collective actions can help inform 
conflict management strategies and co-management processes, particularly by identifying the scope of network 
participation as largely local/regional vs. state/national and thereby helping shape appropriate communication 
and negotiation strategies for wildlife managers. 
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Aerial surveys are the one of the primary ways biologists census white-tailed deer (Odocoileus virginianus). 
However, there are many potential error sources in such surveys, including pilot experience, target area 
coverage, observer bias, missed counts, and double counts of animals. In any survey attempt, managers need to 
take precautions to minimize all sources of error at their control to insure valid output data. We used two 
observers in a Robinson 44 helicopter and a GPS-ready digital aerial sketch mapper ((DASM) Hammerhead 
XRT WalkAbout Rugged Tablet PC (DRS Tactical Systems, Inc. Melbourne, FL)) to survey four 1300 ha areas 
in southwestern Connecticut on 22-23 February 2008. The PC had a touch screen with a heads-up display of the 
real-time aircraft position overlain on standard digital topographic maps that were continually refreshed as the 
aircraft moved. In addition, the device tracked the exact flight path of the aircraft throughout the survey. Usage 
of the DASM can reduce error by allowing managers to visually confirm flightlines to insure maximum 
coverage of target areas rather than assuming pilots have accurately followed predetermined flightlines. In 
addition, flightlines can be buffered in a geographic information systems program post hoc to gain a more 
accurate assessment of total flight coverage to determine deer densities. With some minor refinements, using a 
DASM can nearly eliminate flight coverage gaps, flight coverage overlap, and can precisely record deer 
locations, which will then provide managers with more accurate data. 
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Wind energy provides a rapidly increasing source to meet national energy needs in response to economic 
incentives for expanding development of renewable energy resources. Renewable portfolio standards (RPS), 
which define goals for when and what proportion of generated energy will come from renewable sources, have 
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been set for all northeastern states, except West Virginia. Northeast RPS range from as low as 4% by 2009 in 
Massachusetts to as high as 25% by 2013 in New York. Wind energy potential capacity for the Northeast is 
estimated at nearly 27,000 megawatts of which almost 80% occurs in only four states; New York, Maine, 
Pennsylvania, and Massachusetts. Wind energy potential capacity accounted for in either existing or under-
construction projects is < 20% in 12 of the 13 northeastern states, suggesting that further development of wind 
energy projects may continue for some time. Ecological impacts from wind energy development fall largely into 
two categories: (1) those resulting from infrastructure development activities (clearing and grading for access 
roads, power collection systems, transmission lines, and turbine installation) and; (2) wildlife mortality resulting 
from collisions with turbines. Infrastructure development impacts in the Northeast are most often associated 
with forest fragmentation, loss of wetlands or other critical habitats, particularly those associated with rare, 
threatened or endangered animals. Nationwide, the greatest concern for wildlife mortality associated with wind 
turbines is with bats and migratory birds, especially raptors and rare, threatened or endangered species. 
However, in the northeastern United States bird mortality has been less of a concern than for migratory foliage- 
and tree-roosting bat species such as red bats (Lasiurus borealis), and hoary bats (Lasiurus cinereus). High 
mortality rates (> 47 bats/turbine/year) have been documented along wooded ridge tops of the Appalachian 
Mountains in West Virginia and Pennsylvania. This presentation will provide an overview of renewable 
portfolio standards, wind energy potential capacity, number and size of wind projects, wildlife study and survey 
guidelines, and wildlife impacts for wind energy in northeastern states. 
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A variety of affects have been widely predicted as a result of climate change, including rapid and extensive 
northerly adjustment in ecozones, resulting in a shift northward in many species’ ranges. Within the mid-
Atlantic region, many birds occur at the natural northern or southern extent of their breeding range. Populations 
of species with southerly distributions are predicted to increase as the climate becomes more conducive and the 
northern boundaries of their ranges shift northward, while species at the southern extent of their ranges would 
retract northward and decline in population at their southern extent. The Carolina and black-capped chickadees 
are just one example. The conservation implications of these changes are substantial for states which initiate 
conservation priorities for locally rare species, many of which are at the edge of their range. While the 
responses to climate change are generally couched in the future, the long-term increase in global temperature 
already observed would suggest that these effects should already be underway. Such shifts in species’ 
distribution have already been documented. Birds are uniquely positioned for us to test these predictions, in that 
long-term data are available to monitor changes in population size (Breeding Bird Survey) and repeated 
breeding bird atlases provide information on distribution patterns at a fine scale. The completion of second atlas 
efforts in Maryland, Pennsylvania, and New York provide assessments of breeding population distributions in 
two distinct time periods over the past 30 years. Distributional data from the 1980s and the early 21st Century 
and Breeding Bird Survey trends were analyzed across a latitudinal gradient spanning the mid-Atlantic States. 
While many confounding effects influence the distribution and abundance of each wildlife population, the data 
sets available are broad-based, providing for a comprehensive assessment of most of the avifauna in this region. 
This comprehensive look at the breeding bird community enables us to address populations in a broad range of 
habitat. We have classified each of 245 breeding bird species in these three states as northern, or southern, or 
indifferent with respect to the core of their breeding population. Statistical tests will be applied to the magnitude 
of change observed in mid-Atlantic BBS population trends and atlas block counts for the three states, to 
determine if the populations of southern species are expanding and northern species are retracting as predicted 
by climate change. 
�
�
�



 37 

5%#&$�*(�04()�%5).(#���&�(�)�'�)�0"��'.�&�(�*#�'�#2 (���&�$(�(&0��&'�
)(%(�)�46�)(�(&0�(>����(%�
1�������
����
�5�������������'���7����
Data from weather surveillance radars (WSR) are increasingly being used by biologists to answer priority 
research questions posed by resource management agencies about wildlife in the aerosphere including 
landbirds, shorebirds, wading birds, waterfowl, raptors, bats, and insects. The national network of more than 
150 radars provides continuous continental coverage and the freely-accessible radar data archive, extending 
back to the early 1990’s, is one of the largest biological databases in existence. Unfortunately, the potential 
application of WSR data to wildlife-resource issues remains largely untapped and restricted to a handful of 
radar biologists. Additionally, the exposure to wildlife professionals of the capabilities of WSR is limited. I will 
summarize WSR technology, its strengths and weaknesses for use in wildlife research, and new improvements 
in the quantification of biological information from radar data. I will also provide results of conservation 
planning, management, and research applications using WSR data that I have recently conducted including: 1) 
identifying and prioritizing important migration stopover sites for land birds, 2) assessing wintering waterfowl 
use of restored wetlands, and 3) examining habitat use of migrating land birds near an ecological barrier. These 
projects are part of a collaborative effort among USGS, USFWS, NGOs, and other management and research 
partners to inform wildlife management and regulatory decision-making through the use of radar technologies 
to better understand the movement patterns and habitat associations of migratory birds and other wildlife. 
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Wetland mitigation is intended to replace the structure and functions of converted natural wetlands; however 
research addressing this supposition has provided mixed results. The purpose of this study was to determine if 
avian and amphibian communities were similar between 3 mitigated and 3 reference wetlands in West Virginia. 
Avian communities were surveyed using double-observer point counts and amphibian communities were 
estimated using call surveys and dip net surveys. Water wells were placed in each mitigated wetland to confirm 
wetland hydrology. All three mitigated wetlands had saturated soils, within 30 cm of the soil surface, for greater 
than 50% of the growing season. A total of 492 birds (mitigated: 289; reference: 203) were surveyed, 
representing a total of 58 species (mitigated: 39; reference: 39). Preliminary results indicate that avian species 
richness, diversity, and abundance were similar between mitigated and reference wetlands (P > 0.05). 
Waterbirds were more prevalent on mitigated than natural wetlands. Yellow warblers (Dendroica petechia) were 
the most abundant bird observed. A total of 9 anuran species were surveyed (mitigated: 8; reference: 9). 
Northern spring peepers (Pseudacris crucifer) and green frogs (Rana clamitans) were the only 2 species that 
occurred on all wetlands. Preliminary results suggest that anuran species richness was similar between mitigated 
and reference wetlands (P > 0.05). Reproduction was not always confirmed in either mitigated or natural 
wetlands even though anurans were heard calling. Evidence suggests that avian and anuran communities are 
similar between mitigated and reference wetlands. 
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WCS' Adirondack Program has been working since 2003 to assess the status and distribution of boreal birds in 
the Adirondack Park. The goals of the project are to (1) map the boreal habitats of the Adirondacks (2) assess 
the status and distribution of a suite of species, and (3) examine the protection status of the lowland boreal and 
provide information for a long term boreal conservation plan for the Adirondacks. Climate change is a critical 
threat to these habitats. Our focal species are three-toed woodpecker, black-backed woodpecker, Lincoln's 
sparrow, palm warbler, bay-breasted warbler, Cape May warbler, Tennessee warbler, rusty blackbird, yellow-
bellied flycatcher, olive-sided flycatcher, boreal chickadee, gray jay, and spruce grouse. To date, we have made 
932 total observations of our target species at a total of 75 locations throughout the boreal core of the 
Adirondack Park. The most commonly encountered species are yellow-bellied flycatcher (29% of total 
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detections of target species), Lincoln’s sparrow (28%), and palm warbler (15%). Least commonly encountered 
species are bay-breasted warbler (0.3%), spruce grouse (0), Tennessee warbler (0.2%), rusty blackbird (1%), 
three-toed woodpecker (0.1%), and Cape May warbler (1%). Those species detected at intermediate levels are 
black-backed woodpecker (7%), boreal chickadee (4%), gray jay (6%), and olive-sided flycatcher (6%). Two 
additional field seasons will enable us to further understand spatial and temporal trends, as well as habitat 
associations of these boreal species. 
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Golden-winged Warbler population decline has been linked to several factors including competition and 
hybridization with Blue-winged Warbler, Brown-headed Cowbird parasitism, and breeding grounds habitat loss. 
While this latter factor alone is likely not the primary cause of this species' decline, researchers largely agree 
that the key to long-term Golden-Winged Warbler conservation is through habitat management. There is little 
doubt that researchers are making great strides in collecting data regarding Golden-Winged Warbler 
distribution, densities, nesting success, survival, genetics, and avian species associates. But a habitat assessment 
protocol that complements these demographic variables and identifies habitat features that provide the 
foundation of habitat management guidelines is lacking. In 2008, we initiated a project intended to examine 
Golden-Winged Warbler demographics and habitat selection across two study areas in northcentral 
Pennsylvania. These study areas were less than 20km apart, but differed considerably in landscape context and 
plant community composition. We used a principal component analysis to examine variation in several data sets 
that characterized Golden-Winged Warbler habitat. We found forb cover, blackberry cover, distance to shrubs < 
2m, distance to shrub > 2m, shrub cover < 2m, and fern cover to show the least variation within Golden-winged 
warbler territories on the Bald Eagle study site (n=28) and Sproul study site (n=28). We found blackberry cover 
and distance to shrub > 2m high to exhibit less variation within Golden-winged Warbler territories (n=58) than 
within available "unused territories" (n=32) on the Bald Eagle and Sproul study sites combined. We recommend 
a standard protocol be developed and employed across the entire Golden-winged Warbler breeding range. 
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Allegheny woodrat (Neotoma magister) populations are declining in the western and northern portions of the 
species range. Detailed demographic information is lacking for many populations in Pennsylvania. We assessed 
various demographic parameters of several local woodrat populations and related these parameters to habitat 
quality. Our study was conducted during the summers of 2007 and 2008 on the Chestnut Ridge in southwestern 
PA. Trapping was conducted at three Allegheny woodrat population networks. Abundance, survival, fecundity, 
and dispersal were measured at all habitat sites. Additionally, a small number of woodrats were fitted with radio 
collars to document habitat use and home range size. Average overall abundance among our population 
networks ranged from 30 to 44 individuals. Overwinter survival ranged from 0.32 ± 0.77 SE to 0.62 ± 0.01 SE. 
Average fecundity was 0.79. We documented dispersal at two of the three population networks. A majority 
(80%) of the dispersing individuals were male. Average home range size was 0.69 ha. Our analysis reveals that 
knowledge of multiple demographic parameters for each habitat site is important when developing conservation 
strategies for the Allegheny woodrat in southwestern PA. 
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We examined bird and bat mortality at the 195 turbine Maple Ridge Wind Resource Area (WRA) in Lewis 
County, New York. In 2005, a total of 120 wind turbines were constructed (Phase I). The remaining 75 towers 
in Phase IA and II were constructed in 2006. Studies of bird and bat collision mortality in California, West 
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Virginia and elsewhere raised concerns about fatalities in this area. After a 2006 pilot study of Phase I fatalities, 
we conducted a full season study (spring, summer, fall), from May 2007 to mid-November 2007, under 64 of 
195 (33%) turbines (Phases I, IA and II). Each site survey consisted of searchers walking in parallel 5m wide 
transects within an overall search area of 130m by 120m, centered on the turbine. These sites were mowed to 
permit adequate searches. Actual searchable area varied from site to site due to the presence of unsearchable 
wooded areas and varying amounts of graveled areas, and was adjusted for accordingly. We estimated 3.44-3.82 
bird incidents/Mw/period (21 species) and 9.42-11.23 bat incidents/Mw/period (5 species) for the 2007 period. 
None of the birds or bats found and identified during standardized surveys were state or federally listed species. 
Estimates of total mortality were made using adjustments for search efficiency, scavenge rate and search effort. 
There was moderate evidence that presence of wooded areas at turbine sites and proximity to wetlands were 
associated with greater numbers of bat collision incidents. There was no evidence to suggest that the tower 
lighting on these turbines increased the number of collision incidents for either birds or bats. Possible 
relationships between mortality and weather will also be presented. 
�
��&'%���(��4�)��0()#%0#�%�"2���2")(%08��0)#>�)��0") 6�&")04()&�$"%4�*3�
4�
#0�0�'#%0)#
50#"&���00()&%�#&����4�&$#&$���&'%�� �(�
������3��� ��
�5%'��2������%��������� �5����������� ��&�7�4��������=��������-�������
�5%'��
2������%������=�3��������1+�
������
�5������������� &�7�4��������=������1+�'����
�5�������������&�7�
4��������=�������������������
�5%'��2������%������= �1��������1������
�5%'��2������%�������
The Northern Goshawk (Accipiter gentilis) Project is a collaborative effort between the USDA Forest Service 
and the University of New Hampshire to study goshawk ecology across New Hampshire and southern Maine. 
Goshawk nesting territories in New Hampshire, acquired from nest searches conducted from 1995-2007, were 
used to compare habitat characteristics of goshawk nest sites to random sites across the state.  We used ArcGIS 
9.2 to create circular polygon buffers at three landscape scales, 1000, 2000 and 4000 acres, for each territory 
(n=44) and random site (n=100). Nest trees were used as center locations of territory polygons and computer 
generated random points were used as centers for random polygons. In territories with alternate nests the 
centermost or most active nest was used as the center. New Hampshire Land Cover Assessment (NHLC), a 23-
class digital land cover data set created by the Complex Systems Research Center at the University of New 
Hampshire, was used to compare vegetative cover types of territory polygons to random polygons. The National 
Land Cover Dataset (NLCD) was used to create a Digital Elevation Model (DEM) which compares elevation, 
slope and aspect of nest locations to random points. Data were analyzed using JMP 7.0 statistical software.  
Multivariate analyses of landcover data revealed a significant difference between territories and random sites 
(Hotelling’s-Lawler=0.032). The combined agricultural classification was significantly higher in random sites 
(4.3%) than territories (2.4%) (p=0.009) as well as in single class hay/pasture (p=0.007) but not row crops 
(p=0.41) or orchard (p=0.81). Aggregated forest classifications showed no difference between territories and 
random sites. Single classification of birch/aspen was significantly higher in territories (7.6%) than random sites 
(5%) (P=0.025) but should be interpreted cautiously due to low degree of specificity in satellite data distinction 
between forest cover types (28.6% accuracy). Developed area was higher than expected in randoms (4.7%) 
compared to territories (2.6%) but results were not significant (P= 0.10). DEM analyses showed that mean 
percent slope was significantly higher at random sites (p=0.017), elevation at random points was higher than 
nest sites but only weakly significant (p=0.055) and aspect showed no difference between nests and random 
points (p=0.82).   The distinctions of goshawk habitat characteristics compared to agricultural landscapes in 
New Hampshire seem evident but forest cover comparisons are ambiguous, possibly due to a high percentage of 
forested area in New Hampshire and limitations of satellite data to distinguish forest types. Additional analyses 
should be done to characterize and further assess differences between goshawk habitat and anthropogenic land 
use. 
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Much effort has been expended studying the roosting ecology of the federally endangered Indiana bat (Myotis 
sodalis) during the maternity season; yet there is a paucity of studies on roosting behavior in the northeastern 
U.S., where populations have increased significantly over the last 40 years. The primary goals of this study 
were to identify and characterize roosts selected by reproductively active females in and around Great Swamp 
National Wildlife Refuge; to observe behavior such as colony size, roost fidelity, home range size and foraging 
activity; and to compare results to studies conducted elsewhere in the species’ range and to randomly selected 
trees. Mist nets were placed across stream and forested corridors to capture bats from May 15-August 15, 2006-
2007. Transmitters were placed on adult female M. sodalis, and bats were tracked daily to identify roosts and 
foraging areas. The characteristics of both roost trees and randomly selected trees, and their surrounding habitat 
(0.1 ha) were measured. Emergence counts were conducted during 2007 at all trees containing transmittered 
bats. Using all known locations (capture site, roosts, and estimated foraging points), home range estimates were 
produced using minimum convex polygons (MCP) and fixed kernel density estimates (KDE). Twenty-four 
females were tracked to 74 roosts representing 3 colonies during 2006-2007; only 2 roosts were re-used by 
different bats during the course of the study. Peak emergence counts at 4 primary trees were 252, 164, 52 and 
55 bats. Selected roosts were largely similar to those documented elsewhere; however, several variables differed 
significantly between years, including dbh, height and canopy closure. Comparisons with randomly selected 
trees revealed that M. sodalis selected shagbark hickory (Carya ovata) and American elm (Ulmus americana) 
more often than would be expected; and that roost plots had fewer, larger trees and a greater proportion of 
suitable roost trees than random plots. Roost switching occurred on average once every 1.8 (Â± 0.27 se) days, 
and mean distance moved between consecutive roosts was 1003.4 (Â± 299.98) m. Mean home range size was 
236.6 (Â± 136.45) ha for MCP estimates and 325.0 (Â± 33.10) ha for 50% KDE estimates. The variation in 
roost characteristics observed between years emphasizes that Indiana bats may be flexible in their roost 
requirements even within a study site. Furthermore, the number of colonies found, the number of roosts 
identified and the average distance moved between roosts suggest that Great Swamp NWR may represent ideal 
maternity habitat for Indiana bats. Lastly, the large home ranges identified suggest that bats may range widely 
across the habitats available to them, even if roosting and foraging habitat is not limiting. 
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The Pennsylvania Game Commission’s (PGC) Wind Energy Voluntary Cooperative Agreement was drafted in 
February 2007 with the first companies entering into the Agreement on April 18, 2007. Of the 24 wind energy 
developers existing in Pennsylvania, 20 of them have signed the PGC Wind Energy Voluntary Cooperative 
Agreement, representing 71% of the known active and proposed wind projects in Pennsylvania. The 
Agreements have greatly improved the Commission’s awareness of project proposals within Pennsylvania, 
allowing preliminary wildlife resource information to be taken into account before project development. The 
Agreement between the PGC and cooperators requires a minimum of one year of pre-construction surveys and 
two years of post-construction monitoring at wind sites. Effort level for surveys is determined by assigned risk 
levels designated by the PGC using criteria outlined in the Agreement. Highlights of pre-construction 
monitoring during the past year were the discovery of the second largest Indiana bat (Myotis sodalis) maternity 
colony and the first female lactating silver-haired bat (Lasiurus noctivagans) and maternity colony in 
Pennsylvania. Post-construction monitoring by the cooperators’ has been recently initiated and monitoring 
information is limited, thus few discernable trends or analysis can be noted as this time. The main achievements 
thus far have included the new bat discoveries mentioned above, the abandonment and avoidance of some high 
potential risk areas by wind developers, and that fact that wind developers are starting to get the PGC involved 
early in the planning stages which is helping developers make better decisions in regards to siting wind 
facilities. The primary challenges that remain include encouraging non-cooperators to sign the Agreement, 
improving communication between the PGC, developers, and consultants, and making sure survey protocols are 
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being adhered to. The Cooperative Agreement is coming up on its two-year anniversary; this report summarizes 
what has been learned so far and discusses future efforts. The format and apparent success of the PGC Wind 
Energy Voluntary Cooperative Agreement has been praised as a clear example of the ability of wind energy 
developers and natural resource agencies to partner both on a national and state level. 
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Lead (Pb) and mercury (Hg) are heavy metals known to be major pollutants in the environment and to have 
negative effects on wildlife ecosystems. Many studies have been completed analyzing how Pb and Hg affect 
birds and how widespread these heavy metals are within wild populations. However, much of this research 
focuses on Pb in waterfowl. The extent of Pb in other species and of Hg in all wild birds has not been as widely 
studied or documented. This study provides a retrospective analysis of the Pb and Hg test results of wild bird 
patients from the mid-Atlantic region by reviewing and evaluating species tested, entry dates, outcomes, and 
threshold levels. These test results were generated at the New Bolton Center Toxicology Laboratory (NBC) 
from whole blood samples from patients at Tri-State Bird Rescue and Research, Inc. (TSBRR) in Delaware 
using atomic absorption spectrometry. The records analyzed date from January, 1997 through December, 2007. 
During that time period 562 different patients were tested for Pb, and 218 of these birds were also tested for Hg. 
This encompasses 41 different species from 12 orders. These birds came from locations within six states: MD, 
PA, NJ, DE, VA, and NY. ArcGISÂ® was used to analyze data geographically and to look for potential 
locations of high heavy metal environmental contamination. One main finding of this research showed that 69% 
of birds with >0.20ppm Pb blood wet weight concentration entered the clinic from November through March. 
This denotes the beginning of a harsher living environment and the start of hunting season where more Pb shot 
is available for consumption in the environment. The geographic analysis proved to be a useful research tool. 
Conclusions show that Pb and Hg contamination remains a widespread problem in the mid-Atlantic area in wild 
bird populations and should continue to be monitored. 
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In Pennsylvania, the barn owl (Tyto alba) is a species of conservation concern in the state's Wildlife Action 
Plan. To address the paucity of information about this species in Pennsylvania, the Pennsylvania Game 
Commission (PGC) began the Barn Owl Conservation Initiative in 2005. Objectives of this initiative include: 
increasing knowledge about the distribution and abundance of barn owls; evaluating habitat use and prey use; 
increasing knowledge about longevity, causes of mortality, and dispersal; improving nesting and foraging 
habitat to encourage population expansion; and examining genetic diversity. Through more than 500 site visits 
since 2005, the PGC's Regional Wildlife Diversity Biologists, who carried out this initiative, confirmed 
breeding at 102 active barn owl nest sites, banded 354 nestlings, and installed more than 100 nest boxes at 
appropriate locations. Education and outreach about the conservation of barn owls has also been conducted 
through presentations and meetings with farmers, students, teachers, sportsman groups, and various 
conservation organizations. Confirmed nest sites have included barns, silos, a tree, a house attic, a chimney, a 
bat condominium, a park pavilion, and a feed mill. Recovered banded barn owls, with known approximate date 
of mortality, had an average life span of 1 yr 5 mo (n = 7; range = 4 mo-5 yr 9 mo). The average dispersal 
distance for recovered barn owls was 104 km (n = 9; range = 8-520). Future work includes genetic analysis to 
determine sex ratios of clutches and genetic diversity throughout Pennsylvania. Other analyses are planned to 
evaluate habitat requirements and prey use. 
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Greater than 33% of the 6,000 species of amphibians are threatened with extinction and population declines are 
occurring on all continents. Quantifying changes in species diversity and richness is important for 
understanding changes in the structure of affected ecosystems, but may not provide an accurate assessment of 
changes in ecosystem functioning. To address this, I intensively studied salamander assemblages (Ambystoma 
spp.) at five forest ponds to quantify energy flow associated their complex life cycles and assess their 
significance at the ecosystem-level. Assemblages provided net fluxes of energy into all ponds during all three 
years of the study. Among annual cohorts surviving to metamorphosis (n = 10), egg production represented an 
average of 57 Â± 9% (Â±1SE) of total annual energy flow (range = 0.2-12.3 g C m-2 yr-1); larval production 
represented 36 Â± 7% and emergence production represented 7 Â± 4%. Dominant prey types contributing to 
the production of metamorphosed salamanders varied among ponds, representing different pathways for energy 
transfers between freshwater food resources and adjacent forest habitats. Aquatic insects and zooplankton were 
most important in this regard, accounting for an average of 56.1 Â± 3.0% and 28.8 Â± 2.7% of annual energy 
flow, respectively. My findings indicate that these salamanders are significant contributors to energy flow 
through pond food webs and vectors of energy between habitats. This information is relevant to understanding 
the multiple ecological roles of amphibians and underscores the importance of management plans that view 
wetlands as functionally integrated aquatic and terrestrial systems. 
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The grassland endemic regal fritillary butterfly (Speyeria idalia) has seen an extreme contraction of its range, 
most notably in the eastern United States. One of the only two remaining populations in the East is found at Fort 
Indiantown Gap (FIG) in Annville, PA. At FIG soil disturbance and fire created by military training have 
sustained one of the largest native warm-season grasslands in the Mid-Atlantic region providing a refuge for the 
regal as well as many other rare flora and fauna. In an effort to preserve this species a grassland restoration and 
regal repatriation effort has been proposed to return the butterfly to landholdings having a historic or probable 
occurrence.  We have secured funding to implement this project at several sites throughout PA and have 
developed partnerships with agencies that are interested in being involved. Sites selected include Gettysburg 
National Military Park (GNMP) and Memorial Lake, Swatara, and Bald Eagle State Parks. As part of a graduate 
thesis, the site at GNMP was partially assessed for appropriate resources and experimental restoration 
treatments were completed. Habitat at the state park sites was evaluated, management plans were developed, 
and initial restoration efforts have begun. From here the project will proceed with site specific management 
while continuing to develop new partnerships with the hope of ultimately restoring grasslands and repatriating 
the butterfly to areas throughout the northeast United States. 
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Construction of manmade objects such as roads and bridges may have temporary or permanent effects on 
wildlife and vegetation. Bridges may have negative effects upon wildlife due to barrier effect, loss of habitat, or 
attraction of undesirable species. Bridges may also have potential positive effects as they could provide nesting 
and roosting sites for birds and bats. The purpose of this project is to evaluate the effects of the Blennerhassett 
Island Bridge crossing on wildlife populations. The Blennerhassett Island Bridge is a major 4 lane bridge, 
opened in 2008, crossing the Ohio River and Blennerhassett Island between West Virginia and Ohio. We 
evaluated waterbirds, passerines, small mammals, anurans, and turtles before and after construction on 3 
islands: Blennerhassett, Buckley (24 km away, with a 4 lane interstate bridge crossing), and Muskingum (16 km 
away, with no bridge crossing). On Blennerhasset Island we observed 12 species during pre-construction 
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waterbird surveys and 13 species during post-construction surveys with Canada goose (Branta canadensis) and 
mallard (Anas platyrhynchos) being most abundant. Our breeding bird surveys detected 55 species (song 
sparrows [Melospiza melodia] and common yellowthroat [Geothlypis trichas] were most abundant) during pre-
construction surveys and 47 species during post-construction surveys (song sparrow and red-winged blackbird 
[Agelaius phoeniceus] were most abundant), although edge and forest interior species also were detected. We 
had 270 captures (182 individuals) of 6 small mammal species during 2,675 trap nights during post-construction 
surveys (catch per unit effort [CPUE] = 10.0%). Meadow vole (Mictorus pensylvanicum) and Peromyscus sp. 
were captured most commonly during both survey periods. We detected 6 species of anurans and 3 species of 
turtles (14 captures; CPUE = 19.7%) post-construction. Common snapping turtle (Chelydra serpentina) and 
eastern spiny softshell (Apalone spinifera) were the most abundant turtles. Species diversity of waterbirds, 
passerines, small mammals, and turtles were similar at the control sites. Preliminary results show that the bridge 
crossing has minimal short-term impacts to relative abundance and richness of waterbirds, breeding birds, and 
small mammals. 
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Recent advances in satellite tracking technologies allow for an unprecedented level of understanding and study 
of birds that migrate long distances, such as Osprey (Pandion haliaetus). During the 2006 and 2007 nesting 
seasons, 13 adult Osprey (5 males and 8 females) were live-captured and fitted with GPS-capable satellite 
transmitters from the Back River Tributary of the Chesapeake Bay in Virginia. We monitored satellite-tagged 
Osprey movement patterns and obtained the location, altitude, and speed (if the bird was flying) of each Osprey 
at 2-hour intervals during 05:00-23:00 during the fall migration periods of 2006 and 2007. Seven Osprey 
completed their fall migration to their wintering grounds in the Caribbean or in South America, traveling an 
average distance of 4,550 km (range = 2,175 to 6,850 km). We lost contact with six Osprey during their fall 
migration; these events appear to be associated with bird mortalities or transmitter failures. All 13 adult Osprey 
utilized similar migration routes along the eastern coast of the United States and traveled from Florida to Cuba. 
Female Osprey began their fall migrations in August, whereas males typically began migrating in September. 
Adult Osprey migrated (i.e., actively flew) during daylight hours and roosted at night. During fall migration, 
adult Osprey flew at an average altitude (above ground level) of 385 m (range = 1 to 1,890 m) and flew at an 
average speed of 39 kph (range = 2 to 90 kph). Detailed information gained from this research effort 
demonstrates the utility of GPS-capable satellite telemetry for studying bird migration patterns. By 
understanding the migration patterns of Osprey, conservation and management efforts for this species can be 
enhanced. 
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Laughing gulls (Larus atricilla) were extripated as a breeding bird from New York State by 1900. The 
recolonization of New York by this colonial waterbird occurred in 1979, with the discovery of 15 breeding pairs 
of laughing gulls in Jamaica Bay Wildlife Refuge (Queens County). This breeding colony grew to over 7,500 
nesting pairs by 1990, but has declined in recent years, potentially due to habitat loss (i.e., salt marsh erosion) 
and a gull-aircraft collision management program at the adjacent John F. Kennedy International Airport. 
Currently, the Jamaica Bay colony (estimated at approximately 1,350 nesting pairs in 2007) is believed to be the 
only (known) nesting colony of laughing gulls in New York. In 2008, we conducted a survey of Long Island 
salt marsh habitats in an effort to determine if other laughing gull breeding colonies exist in New York. 
Utilizing a variety of information sources (e.g., New York State Breeding Bird Atlas, wetland (salt marsh) 
geodatabases, consultation with local ornithologists), we developed a list of 66 individual areas that represented 
potential laughing gull breeding sites. Each potential location was visited or observed using ground vehicles and 
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boats during June of 2008. Although many areas of appeared to provide suitable nesting habitat (i.e., Spartina 
salt marsh), no evidence of laughing gull nesting (outside of the Jamaica Bay breeding colony) was found. A 
better understanding of laughing gull population dynamics and inter-colony interactions within the northeast 
coastal region is needed to allow for conservation of gulls and effective management of gull conflicts. 
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The Albany Pine Bush Preserve is a rare inland pine barrens community located in eastern New York. 
Composed of disjunct parcels of land totaling 1,220 hectares, it is surrounded by suburban homes and 
commercial development, and is bisected by major local roads, two interstate highways and a commuter 
railroad. Although records of Albany Pine Bush herpetofauna date back to the 1830s, the first comprehensive 
survey was not conducted until the mid 1970s. This survey documented the presence of 15 amphibian and 14 
reptile species (Stewart and Rossi 1981), including Eastern Hog-nosed Snake, Eastern Box Turtle and Eastern 
Spadefoot, species which are not found in other parts of the county, and also noted the loss of the Eastern Tiger 
Salamander and the Black Ratsnake. Using data from Hunsinger (1999) and the NYS Amphibian and Reptile 
Atlas (1990 to present), we report on changes in the herpetofaunal community including the addition of Eastern 
Musk Turtle and Smooth Greensnake, the rediscovery of the Eastern Wormsnake after a 22 year gap, and the 
extirpation of Northern Black Racer 
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Pitch pine-scrub oak (PPSO) forests are high conservation priorities because they are uncommon in the 
northeast, support a disproportionate number of threatened and endangered plant and animal species relative to 
their area, and are threatened by conversion, development and fire suppression. These habitats require active 
management to maintain their distinctive ecological characteristics, as well as to control fuels accumulation that 
can threaten human habitation in the wildland urban interface. The symposium will provide information on the 
status, flora, and fauna of PPSO forests of the northeast and on the effects of habitat restoration and fuels 
control practices on high-priority animal species to help guide management efforts of these habitats. The first 
part of the symposium will offer an overview of the status and conservation priorities of the forest type. 
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There has been a long history of herpetological research in the Central Pine Barrens (CPB) of Long Island, New 
York. Many noted herpetologists were based in New York City (an early center of American herpetology) and 
lived on Long Island or traveled there to conduct fieldwork. This pattern continued more or less for a century 
until the late 1970s when herpetological research tapered off, human development soared, and institutions such 
as the American Museum of Natural History’s Kalbfleisch Field Station closed down. Then, in 2001 a research 
initiative sponsored by the Brookhaven National Laboratory (BNL) and the U.S. Fish and Wildlife Service 
brought a renewed focus on herpetology to the CPB. With the protected and largely undeveloped 2,130-hectare 
BNL-property as a research epicenter (and model for pre-suburban CPB ecology), a number of studies and 
projects were developed and conducted by a new generation of senior researchers, graduate students, and 
undergraduates. We review some of the herpetological studies that have been conducted in the CPB through the 
BNL program and its non-profit research affiliate, the Foundation for Ecological Research in the Northeast. 
Several studies using radio-telemetry and drift-fence trapping techniques have provided important information 
on habitat use, movement, and basic natural history trends for select species in the CPB ecosystem. 
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Additionally, we present preliminary findings from an ongoing investigation into the disappearance of southern 
leopard frogs (Rana sphenocephala) from the CPB and Long Island. Our research has also allowed us to 
elucidate general changes in herpetological composition, diversity, and rarity in the CPB ecosystem over time. 
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Pine Barrens of the Northeastern United States are globally rare, pyrogenic, early-successional habitats that 
support rich and unique assemblages of rare and declining biodiversity. They are less ephemeral than most other 
types of early-successional habitat in the northeastern U.S. and maintained almost exclusively through active 
management. As such, Pine Barrens provide unique and relatively stable habitat opportunities for early-
successional wildlife across many taxa. The 3,100-acre Albany Pine Bush Preserve protects one of the best 
remaining examples of an inland pitch pine-scrub oak barrens (PPSOB) and supports 45 Species of Greatest 
Conservation Need, including the federally endangered Karner blue butterfly (Lycaeides melissa samuelis), 
shrubland birds, herpetofauna, and lepidoptera. The Preserve is a highly modified Pine Barrens landscape 
threatened by urbanization and invasive plants and subjected to intense ecological management. Increasing 
attention by state and federal agencies toward SGCN has facilitated adaptive management strategies that 
maximize benefit, while minimizing negative impacts on multiple species simultaneously. In the Albany Pine 
Bush, this has meant transitioning from dormant to growing season prescribed fire, alone and in combination 
with chemical and mechanical treatments, and extensive restoration seeding. Preserve viability incorporates 
many SGCN and monitoring suggests that recent treatments have improved habitat quality for many SGCN. 
Efforts are currently underway to monitor and recover populations of SGCN, including shrubland birds, 
herpetofauna, and the Karner blue butterfly. Repatriation of some recently extirpated species, including the 
Regal Fritillary and eastern box turtle, is also being considered. 
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Pitch pine-scrub oak barrens are pyrogenic, biological important habitats and support many bird species of 
regional conservation concern, in particular declining scrub-shrub bird species. These habitats continue to be 
threatened by development and fire suppression. Efforts are underway on the Montague Plains Wildlife 
Management Area to maintain scrub oak barrens, and to reduce fire risk in pitch pine forest with the use of 
mechanical means as well as prescribed fire. We compared the results of point-count surveys for diurnal 
passerine birds, as well as nocturnal surveys for whip-poor-wills, among the following four habitat types in 
order to assess the effects of these fuels reduction and habitat restoration practices on birds: scrub-oak barrens, 
untreated pitch pine forest, treated pitch pine forest, and transition hardwoods forest. We found that bird 
diversity was greatest in scrub-shrub barrens and treated pitch pine forest, particularly scrub shrub birds. In 
addition, whip-poor-wills were least abundant in transition hardwoods and untreated pitch pine forest, and were 
most abundant in scrub oak barrens and treated pitch pine forest. We conclude that both habitat restoration and 
fuels control practices have beneficial effects on both diurnal birds as well as well as whip-poor-wills. 
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In addition to habitat loss due to fire exclusion, other influences on the historical and modern animal 
assemblages of pitch pine - scrub oak (PPSO) barrens will discussed. These influences include pesticide 
applications and biocontrol agents. Major geographical shifts in the distribution and abundance of animal 
species of PPSO have occurred over time. A brief comparison of heath hen (Tympanuchus cupido cupido) 
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habitat descriptions prior to extinction and post extinction will show this animal was dependent on pitch pine - 
scrub oak barrens throughout its range. 
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The Eastern spadefoot (Scaphiopus h. holbrookii) is a regionally threatened species that is locally common at 
Cape Cod National Seashore (CACO), representing what is likely the largest population of the species in the 
northeastern United States. Populations of Eastern spadefoots are few and far between throughout the Northeast, 
largely the result of the patchy distribution of habitat suitable to this species, most notably sandy, loosely-
compacted substrates (typical of pitch-pine/scrub-oak communities) required for burrowing. This presentation 
will discuss results obtained from two years of radio-telemetry work conducted on adult Eastern spadefoots at 
CACO, including a discussion of upland habitat preferences, movement patterns, and burrowing ecology. In 
addition, this presentation will examine the use of fine-scale remote-sensing maps in assessing habitat 
preferences and in identifying potential locations of Eastern spadefoots in early-successional, pitch-pine/scrub-
oak communities. 
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As part of a larger study to evaluate habitat selection by eastern box turtles (Terrapene c. carolina), we radio-
tracked 20 turtles for 1-4 years at a pitch pine-scrub oak community in central Massachusetts. The site consists 
of treated and untreated areas, with treatments consisting of prescribed burning and/or mechanical fuel 
reduction during the past eight years. Based on our mark-recapture population estimates, the site hosts one of 
the largest known populations of eastern box turtles in the Connecticut River Valley of Massachusetts. Box 
turtles utilized both treated and untreated areas, and some individuals moved into cleared areas within one 
season. Habitat manipulations provided a diversity of successional stages that were used seasonally by turtles 
for nesting, foraging, and over-wintering. Adjacent to the pitch pine-scrub oak community, mesic areas 
containing hardwoods and wet meadows also provided important over-wintering and foraging habitats for box 
turtles. Our observations suggest that habitat manipulations can be an important management tool for box turtles 
at other pitch pine-scrub oak sites, however, the potential for adult mortality should be considered in developing 
management plans. 
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Forested riparian buffers in urban areas are thought to protect and conserve water quality, reduce stream 
temperature, and increase fish assemblage health. However, the variety of stressors introduced by urban 
landscapes may render the potentially positive effects of buffers ineffective. Although many waterway 
restoration efforts include riparian buffer restoration, the relationships between urban riparian buffer width and 
indices of biotic integrity (IBI) are not fully understood. This study evaluated 8 years of Maryland Biological 
Stream Survey data to determine if there is a significant correlation between urban riparian buffer width and 
benthic macroinvertebrate and fish IBI. Preliminary analyses of land use and buffer width indicate that there is a 
negative correlation between the percentage of urban land use upstream of sample sites and IBI scores, 
regardless of buffer width. This illustrates that other factors may be more important than riparian buffers, 
including limitation of impervious surfaces, storm water management, channelization, and the spread of 
invasive species. Together with a multifaceted approach, riparian buffers may provide their promised benefits to 
urban streams. A broader perspective is needed to assess current and future management practices in this 
subject. 
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Disease prevention and control are important aspects of hatchery management. Facilities with both open 
(surface) and closed (spring or well) water supplies often experience dissimilar fish health challenges based 
upon water source. To reduce the risk of pathogen movement between stocks, strict bio-security protocols must 
be developed and followed. The on site movement of fish among rearing units should be managed to prevent 
fish reared on an open water supply from being moved to a section on the closed water supply. The 
establishment of bio-zones which reflect water source and protection from animal and other potential vectors 
may minimize pathogen spread. Location and permitted uses within the bio-zones should be clearly defined in 
the hatcheries’ biosecurity plan. If possible, fish culture equipment should not be shared between zones; if tools, 
must be shared then proper disinfection prior to use is essential. Footbaths and hand sanitizer should be placed 
at the entrance to each rearing facility and used by personnel and visitors prior to entrance. 
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The continued decline of Atlantic salmon populations across the entire northeastern U.S. and the sparsity of 
males in some river systems have led the U.S. Fish and Wildlife Service (USFWS) to take a strong interest in 
the potential of cryopreservation. Cryopreservation has the potential to preserve fish germ for extended periods 
of time and to form sperm banks or repositories at production facilities where shortages of male fish exist. 
Trials to investigate techniques, extenders and cryoprotectants began in 2001 and continued through 2003 using 
0.5ml straws. Results were determined by percent of eyed eggs and compared to controls, (equal ratio of fresh 
verses frozen sperm to eggs was maintained). The 2001 trial results were 28%, 2002 was 0% and 2003 yielded 
83.5% which was equal to hatchery production. A 0.5ml straw can fertilize a maximum of 200 eggs whereas 
normal hatchery spawning procedures fertilize much larger batches of eggs at one time. 5.0ml size straws would 
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allow for approximately 2000 Atlantic salmon eggs to be fertilized simultaneously. A preliminary trial 
conducted in 2006 by the Northeast Fishery Center (NEFC) using the larger production 5.0ml size straws 
yielded 0.144% egg eye-up. A significant improvement with the larger straws was made in 2007 when a 
contract with the Norwegian company, Cryogenetics AS, Hamar, Norway, produced a 71% eye-up rate. 
Cryogenetics AS techniques and equipment are proprietary and patent pending therefore few details of the 
process were available to the NEFC. 
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Phosphorus is often the limiting nutrient in aquatic systems. Excess inputs of phosphorus contribute to 
eutrophication, changing the system’s chemical and biological components. The objective of this study is to 
evaluate the efficacy of iron oxide-based sorbents as phosphorus removal agents in a small fish-rearing unit. 
Sorbents tested were Granulated Ferric Hydroxide (GFH), a commercially available sorption media, and 
Ferroxysorb, a novel P sorbent derived from mine drainage treatment sludge. Since the Ferroxysorb media is 
made from a waste product, its production cost is much less than that of the GFH media. Rainbow trout were 
cultured in a 6-foot circular tank at the Northeast Fishery Center in Lamar, PA. Trout were fed a commercial 
diet using a 12h belt feeder and provided with supplemental oxygen. Tank effluent was mechanically filtered 
and UV sterilized before being forced through two 12h alternating series of columns containing equal bed 
volumes of Ferroxysorb and GFH. Water samples were collected twice a week and analyzed for total 
phosphorus using HachÂ® method 8190. The experiment lasted for 126 consecutive days. Although the daily 
average of phosphorus removed was significantly higher for GFH, both media demonstrated acceptable 
phosphorus removal of at least 60 percent. The ability to decrease input loads of phosphorus would be an 
important step in reducing incidences of eutrophication; in turn, protecting our aquatic natural resources. 
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We assessed the impacts of a gradient of specific conductance on the fish communities at 17 stations on a 
southwestern Pennsylvania stream. The principal source of this gradient was treated discharges from a coal-
mining operation in the headwaters. Total dissolved solids concentrations were determined from specific 
conductance measurements at each station. A total of 10,940 fish representing 7 families and 42 species/hybrids 
were collected over the entire survey. The faunal complement was typical for a warmwater stream in this area 
dominated by cyprinids, catastomids, centrarchids, and percids. Species richness, density, and the coefficient of 
community loss (I) showed marked impairment at the two stations directly below the discharges and the 
downstream recovery was interrupted at one station by untreated runoff from a mine refuse pile. Species 
richness declined from a high of 28 at the reference site to a low of 7 at the station directly below the treated 
effluents. Common species such as the bluntnose minnow (Pimephales notatus), greenside (Etheostoma 
blenniodes), rainbow (Etheostoma caerulum) and logperch (Percina caprodes) darters were absent from the two 
stations directly downstream of the treated effluents. This study suggests that the threshold for in-stream 
conductivity/total dissolved impairment to fish communities in this region is in the range of 3,000 - 3,500 
uS/cm and 2,000 - 2,300 mg/l of total dissolved solids. 
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Wastewater carrying numerous chemicals, many of which mimic natural hormones (xenoestrogens), is 
discharged into streams and rivers of southwestern Pennsylvania daily. Resident fish like carp, Cyprinus carpio, 



 49 

frequently occur near discharge areas. The objective of this study was to assess the effects of xenoestrogens on 
the male carp endocrine system. Using a Carp ELISA Vitellogenin kit and histological techniques, we evaluated 
blood plasma and gonad tissue for indicators of endocrine disruption. Results of our study revealed two males 
with detectable vitellogenin concentrations, however, male gonadal tissue did not exhibit oocyte formation. 
Future studies that examine fish occurring in waters spanning a gradient of endocrine disrupting chemicals, 
coupled with laboratory experiments, will provide valuable insight into the effects of xenoestrogens on fish 
populations. 
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The Ohio River forms from the confluence of the Allegheny and Monongahela rivers in Pittsburgh, PA. These 
three rivers comprise a range of different habitat types: primarily glacially-deposited gravel and cobble in the 
Allegheny River, sand and mud in the Monongahela River, and a combination of the two in the Ohio River. All 
three rivers are impacted by lock-and-dam systems, while the Allegheny and Ohio rivers are also subject to 
large-scale commercial gravel dredging which, in addition to removing the substrate, can increase the river 
depths from 4-7 m to 20 m with corresponding changes to hydrodynamics, sediment dynamics, and nutrient 
flow. Sampling benthic fishes in the dam-influenced reaches of these rivers using benthic trawls, we then used 
multivariate techniques to compare benthic fish assemblages among the rivers. Species richness, abundance, 
and diversity were highest in the Monongahela River and lowest in the Allegheny River. The Allegheny River, 
however, did contain a high diversity of species (primarily darters) not found in either of the other rivers. 
Multidimensional scaling revealed differences in fish assemblages among the rivers, but did not delineate sites 
by navigation pool or depth within each river which may have been confounded by other factors. 
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Tissues of six wild sturgeon (two Atlantic, four shortnose) from the Penobscot River, Maine, and 11 hatchery-
reared shortnose sturgeon from the Bears Bluff National Fish Hatchery, South Carolina, were analyzed for 
organochlorine compounds and trace elements. DDT metabolites were the only organochlorine compounds 
regularly detected in sturgeon fillets. Total DDT concentrations in fillet (max. 37 ng/g wet weight), liver (max. 
21 ng/g), and gonad (max. 157 ng/g) tissue samples from the Penobscot River were well below the suggested 
tissue threshold-effect level of 600 ng/g. Total DDT concentrations in fillets of hatchery-reared shortnose 
sturgeon did not exceed 5 ng/g. Concentrations of Total PCBs were below detection limits (< 5 ng/g wet 
weight) in all sturgeon fillet, liver, and gonad tissues. Seventeen other organochlorine compounds were below 
detection limits (< 1 ng/g) in fillets, and sporadically detected in liver and gonad tissues. Average mercury 
concentrations in fillets of wild fish from the Penobscot River (Atlantic sturgeon 0.18 ug/g wet weight, 
shortnose sturgeon 0.42 ug/g) appeared higher than levels in fillets from hatchery-reared shortnose sturgeon 
(0.03 ug/g). Mercury levels in three of four shortnose sturgeon fillet samples from the Penobscot River 
exceeded the suggested tissue threshold-effect concentration of 0.20 ug/g. Concentrations of 18 other trace 
elements in sturgeon tissue samples appeared consistent with results reported in other studies. 
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The dispersal of hatchery trout is a major concern among fisheries managers and biologists. In addition to major 
financial loss and reduced recreational opportunities, the dispersal of hatchery trout may also increase unwanted 
interactions with wild trout, such as interbreeding, increased competition, and spread of diseases. In this study, 
we monitored residency rates of brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), and rainbow 
trout (Oncorhynchus mykiss) in four, 300-m study areas on two streams (Sinking Creek in Centre County and 
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Rolling Rock Creek in Westmoreland county, Pennsylvania) from April to July, 2007 and 2008. Residency, 
defined as the number of fish remaining within the 300-m stocked area, was monitored by electrofishing 
surveys conducted every two weeks following stocking and to limited extent by angler reports. Trout were 
monitored for six weeks after initial stocking. An estimate of great blue heron (Ardea herodias) predation was 
obtained each year on Sinking Creek. Environmental variables (discharge, water chemistry, and temperature) 
and habitat measurements were also recorded on each study area to determine possible abiotic influences on 
dispersal. Residency rates were compared between species, study areas, and years. Spot-electrofishing surveys 
and angler report data were used to determine dispersal distances of stocked trout. 
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Effective collection methods and tools must be available for accurate assessment of crayfish diversity and 
population size. We compared two passive wire traps for trapping wild crayfish, a trap designed specifically for 
this purpose and a minnow trap commonly adapted for crayfish capture. In particular, we investigated crayfish 
capture efficiency, retention of captured crayfish, and capture of non-target finfishes for both trap types in 
mesocosm and field experiments. The crayfish traps captured more crayfish than the minnow traps in both 
mesocosm and field experiments, but the minnow traps better retained captured crayfishes. The crayfish traps 
also captured significantly fewer non-target finfishes than the minnow traps. However, this is not surprising 
considering that minnow traps were designed for the capture of small finfishes. 
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Invasive species are recognized as a leading contributor to declining freshwater biodiversity. Crayfish are 
among the most imperiled animals in freshwaters, with introduced species contributing to declines in 
biodiversity. A systematic inventory of crayfish has not been completed in New York State since 1952. 
Introduced crayfish species are now known to occur in NY, including the rusty crayfish, Orconectes rusticus, a 
known threat to ecosystems and native biodiversity. Rusty crayfish dominate the mainstem Upper Susquehanna 
River, but their overall range is unknown. We sampled 25 tributaries throughout the Upper Susquehanna 
Watershed in 2008. Upstream and downstream sites were sampled in each tributary. General habitat & 
limnological characteristics were recorded. Also, biological & population of crayfish information were recorded 
and 2-4 crayfish were collected for positive identification (mainly males). A total of 162 crayfish were 
identified using various dichotomous keys (Hobbs; Nuttall). Six species were identified: Orconectes 
propinquus, O. obscurus , O. immunis, O. rusticus, Cambarus bartonii bartonii, and C. robustus. The most 
common species found at almost every site were: O. propinquus, C. bartonii bartonii and the non-native O. 
rusticus. Rusty crayfish were found in 52% of the sites. Rustys were mainly found in downstream sites. Seven 
of the thirteen sites where rustys were located, they only occurred in the downstream sites. Primarily, they were 
found in larger tributaries that flowed directly into the Susquehanna River. Only 3 out of the 25 sites had 
exclusively rustys. O. propinquus and C. bartonii bartonii were the most frequent species to be seen co-existing 
with O. rusticus. Rusty crayfish can be keystone species in aquatic communities, and knowledge of their status 
is important for the management of aquatic organisms in these watersheds. 
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As part of an ongoing studies in wildlife genetics, the entire mitochondrial D- Loop (mt D-loop) has been 
sequenced for the norther bobwhite, chuckar partridge, ruffed grouse and the ring-necked pheasant. The 
mitochondrial DNA was prepared from liver tissue of birds harvested in western Pennsylvania using a 
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Perfectprep Plasmid Mini Spin Column (Eppendorf. A Polymerase Chain Reaction (PCR) was employed to 
amplify the mtDNA D-loop using a consensus primer set designed from previously published sequences from 
six different gallinaceous species. The PCR were evaluated using a slab gel electrophoresis and purifed using 
the QIAquick PCR Purification Kit (Qlagen Spin column. The samples were sequenced using an ABI single 
capillary Prism 310 Genetic Analyzer. Although protions of the mt D-loop have publiished previously, this is 
first time that the conplete mt D-loop has been sequenced in these four species. and these results represent the 
first published sequence of the mt D-loop of the northern bobwhite. The northern bobwhite (family: 
Odontophoridae) exhibited less homology when compared to the other three species (family: Phasianidae). The 
ruffed grouse sequences from western Pennsylvania exhibited significant variations from other published 
sequenced from other geographical regions of North America. These differences in mt D-loop sequences not 
only may be used to investigate the evolutionary relationships among species but may be used to determined 
genetic variations among local populations of ruffed grouse and perhaps other species as well. 
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From 1969 to 1979 Chincoteague NWR (CNWR) engaged in an experimental loggerhead sea turtle egg 
translocation program. Eggs from nests laid in Cape Island of Cape Romain NWR, Charleston County, SC were 
moved to Assateague Island, CNWR in Accomack County, Virginia.  The goal was to extend the Atlantic 
loggerhead’s breeding range by translocating eggs to protected beaches physically and ecologically similar to 
southern sites with nesting populations. CNWR monitored shorelines for nesting activity since translocation 
efforts began. Comparing the period of 1970-1999 to the period of 2000-2008, false crawls and nests have 
increased significantly. Prior to 2000, staff recorded 6 sea turtle false crawls and 10 nests. Between 2000 and 
2008, staff observed 36 false crawls 16 nests. Loggerhead sea turtles reach maturity at 30 years. Hatchlings 
resulting from the transplant project may be returning to their hatch and release sites, one possible explanation 
for the increased crawl activity. Adaptive Management, an iterative process to improve resource management 
over time by learning from management outcomes, has been in the spotlight in recent years. Sea turtle 
management at the northern extent of the loggerhead’s nesting range for this long-lived, slow-reproducing 
species must qualify as one of the more long-term adaptive management experiments. 
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The behavior of nesting terns and skimmers has the potential to affect breeding piping plovers on Chincoteague 
NWR, VA. The study investigated the effects of common tern, least tern, and black skimmer colonies on piping 
plover fledging success and brood home range at CNWR, Virginia. I compared piping plover fledging rate and 
brood home range to the number of seabird colonies in a breeding site, seabird colony proximity, and colony 
species composition from March to September 2004 and 2005. Piping plover fledging rate and home range was 
greater in study areas with one nesting colony than areas with multiple colonies (P < 0.01). Plover fledging rate 
increased with distance from a colony (P < 0.05). Broods less than 2,000 m away from a colony had smaller 
home ranges than broods over 2,000 m away from the closest colony (P < 0.01). Plover fledging rates and brood 
home ranges did not differ between tern-only colonies and colonies with terns and skimmers (P > 0.05). Results 
suggest the anti-predator behavior of colonial nesting seabirds affected plover fledging success and brood home 
range. Minimizing situations, which provoke seabird colony anti-predator behavior, could reduce the negative 
effects seabirds have on piping plovers.  
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Federal protocol mist net surveys to assess the presence of the endangered Indiana Bats (Myotis sodalis) were 
conducted at the West Point Military Reservation (WPMR), Orange County, NY, in 2002 and 2008. Surveys 
were conducted using similar equipment at 21 and 20 sites, respectively, distributed throughout WPMR. Netting 
sites were identical or similar with similar cover types. The 2002 survey captured 149 bats representing 7 
species, of which Little Brown Bat (Myotis lucifugus, n=61) and Northern Long-eared Bat (Myotis 
septentrionalis, n=42) were the most frequently captured species. The 2008 survey captured 144 bats 
representing 5 species. Big Brown Bat (Eptesicus fuscus, n=86) and Northern Long-eared Bat (n=44) were most 
the most frequently captured species, while only n=10 M. lucifugus were captured.  An unidentified cause of 
mass mortality in Myotis genus bats dubbed, “White Nose Syndrome” (WNS), was first detected in a 
hibernaculum in Schoharie County, New York in 2006. Bats in several Hudson River Valley hibernacula 
exhibited symptoms of WNS in winter 2007-8, resulting in mass mortalities of Myotis genus bats, especially M. 
lucifugus. Assuming that bats found at the WPMR in summer hibernate in Hudson River Valley hibernacula, it 
is possible that the shift in capture frequency distributions between 2001 and 2008 may be due to increased 
mortality and resulting decreased regional populations of M. lucifugus. Hibernacula censuses scheduled for 
winter 2008-9 may shed further light on this hypothesis. 
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Limited information exists regarding fisher (Martes pennanti) rest site selection in deciduous forests of the 
northeastern United States. We examined rest site selection of a recolonizing fisher population located in 
southcentral Pennsylvania. We characterized 79 rest sites utilized by 15 fishers (4M 11F) from October 2006 to 
July 2007. Fisher used a variety of structures as rest sites including live trees containing cavities or broken tops 
(69%), standing dead trees with broken tops or cavities (17%), and fossorial sites including burrows, rock piles, 
or root balls (14%). Habitat data were collected at all 79 rest sites and compared with 80 random sites using 
multiple logistic regression (MLR). Results from the MLR indicate that at stand-level, course woody debris and 
standard deviation of tree DBH influence fisher rest site selection. We also applied a 1.8km buffer around each 
individual rest site to examine landscape-level influences on rest site selection. We compared the landuse 
composition within each buffer with that of the entire study area using compositional analysis. At the landscape 
level, fisher selected for forests (P=0.001) over open, surface mines, water/wetlands, and residential habitat 
types. Unfortunately, our analysis could not distinguish whether fisher selected among deciduous, coniferous, or 
mixed forest types. Our results indicate that forested areas with ample amounts of coarse woody debris and 
diverse tree sizes are important aspects of fisher resting habitat. Both of these habitat variables can be easily 
incorporated into forest management plans for areas where both timber production and fisher management are 
desired. 
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Biases associated with the use of pellets in the diet analysis of cormorants have been of concern to researchers 
and managers for a long time. While prey morphology has been hypothesized to be a factor, no research has 
been undertaken to investigate it. The diet of the New York Harbor population of Double-crested cormorants, 
Phalcrocorax auritus, was analyzed for evidence to support an explanation of observed biases associated with 
use of cormorant pellets for diet studies. During the breeding and chick-rearing seasons, three island colonies 
were visited and samples consisting of boli and pellets were collected and analyzed to examine a possible bias 
in pellet production associated with the spininess of prey species. Bolus samples showed a more diverse diet 
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than pellets, with 33 species identified compared to 18 species in pellets. Evidence for spininess as a factor was 
strong: 95% of species found in pellets were spiny compared to just 63% in the boli; every fish species found in 
pellets with a frequency of more than 5% was spiny; and the occurrence of spiny species in the pellets was often 
much higher compared to the boli, while the occurrence of non-spiny species was always less common in the 
pellets. This and other evidence suggest that spininess of prey species is a factor affecting their representation in 
pellets. Other morphological factors such as prey size and otolith morphology were shown to be unlikely to 
account for the observed differences in species make-up. Boniness is one morphological factor that could not be 
eliminated but even so, the evidence for the effect of spininess remains strong. Future research, including select 
feeding trials, is planned to further investigate the issue. A proper understanding of factors affecting pellet 
production is critical to the proper management of the species as it pertains to their diet. 
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Effective collection methods and tools must be available for accurate assessment of crayfish diversity and 
population size. We compared two passive wire traps for trapping wild crayfish, a trap designed specifically for 
this purpose and a minnow trap commonly adapted for crayfish capture. In particular, we investigated crayfish 
capture efficiency, retention of captured crayfish, and capture of non-target finfishes for both trap types in 
mesocosm and field experiments. The crayfish traps captured more crayfish than the minnow traps in both 
mesocosm and field experiments, but the minnow traps better retained captured crayfishes. The crayfish traps 
also captured significantly fewer non-target finfishes than the minnow traps. However, this is not surprising 
considering that minnow traps were designed for the capture of small finfishes. 
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Shrub communities provide critical habitat for regionally declining Neotropical migrant landbirds and New 
England cottontail, a Candidate Species for listing under the federal endangered species act with very limited 
distribution. However, the ability of non-native invasive plant species to quickly colonize these habitats, and 
their tenacious character once established, have hampered our ability to meet habitat objectives for these trust 
resources and preserve biological integrity and ecological diversity. To address these issues, four national 
wildlife refuges in New England are evaluating two competing models to determine if low frequency or 
medium frequency management treatments are necessary for establishing and maintaining native shrubland 
habitats. Using an adaptive management approach we hope to 1) identify the best methods for converting old 
fields to native shrubland and non-native shrubland to native shrubland, 2) identify species / habitat 
relationships and ecological variables that will influence successful implementation of management practices 
and 3) identify monitoring metrics and develop standardized protocols to evaluate success of management 
alternatives. We are using habitat-based metrics as well as presence / absence data for evaluating success of 
management for migrating landbirds and New England cottontail, and quantifying the percentage of native and 
non-native species at each site to evaluate biological diversity and integrity. 
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We initiated an investigation of Saltmarsh Sharp-tailed Sparrows (SSTS) to estimate detection probabilities, site 
occupancy, and nest success on two national wildlife refuges in Rhode Island during the 2008 field season. 
Detection probabilities varied by survey window, ranging from 0.48-0.70, with the greatest detection 
probability occurring during the last of three survey windows (July 10-17). Naïve occupancy estimates (59%) 
were slightly lower than the modeled occupancy estimates of 63%. Occupancy estimates exhibited a strong 
positive relationship with the presence of Spartina patens; between 63% (Sachuest Point) and 71% (John H. 
Chafee) of all SSTS observations were recorded in 19% of the existing salt marsh habitat. We color-banded 118 
SSTS and monitored 43 active nests 3-4 times per week from June – August. Mayfield estimates of nest success 
were much lower at both sites than apparent nest success, with Mayfield estimates much higher at Chafee (51%) 
than Sachuest (12%) due to extreme flooding during summer rain events and poor marsh drainage. We will 
monitor these same sites during 2009 to estimate site fidelity and apparent annual survival. This research will 
help refuges in Rhode Island make informed management decisions to benefit SSTS and other species 
dependent on salt marsh.  
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The Newfoundland caribou (Raniger tarandus caribou) population has recently declined from over 95,000 to 
less than 35,000 individuals, and could be considered for listing under the Species at Risk Act (S.C. 2002, c.29) 
if this trend is not quickly reversed. While morphometrics suggest density-dependent effects have contributed to 
the decline, high calf mortality due to predation is now the proximate limiting factor. Black bears (Ursus 
americanus) are the primary calf predators, though lynx (Lynx canadensis) and coyotes (Canis latrans) also kill 
a significant portion of calves. To better understand why species-specific predation rates are high and why they 
vary by geographic area, we are studying spatial and demographic attributes of bear predation by 
radiomonitoring bears in each of 3 study areas where studies of the population ecology of caribou, coyotes, and 
lynx are also ongoing. Initial GPS-telemetry locations indicate bears move widely (home ranges of up to 2,200-
km2) but focus activities on smaller areas separated by long-distance movements. Such data should help us 
identify whether specific individuals are responsible for disproportionate calf predation or if such predation is 
more widespread, as well as the extent to which other food resources supplement the bear population. Results 
from this and concurrent work will be incorporated into a Provincial strategy for caribou restoration. 
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The saltmarsh sharp-tailed sparrow (Ammodramus caudacutus) is a salt marsh obligate that breeds in marshes 
ranging from Maine to Virginia, and is considered globally vulnerable to extinction. As a response to tidal 
inundation, saltmarsh sparrows have a unique nesting ecology that allows them to synchronize their breeding 
attempts with monthly tides. Because their breeding opportunity is constrained by the tidal environment, 
unusually high or early tides can lead to nest flooding, severely impacting nesting success. In addition to the 
threat of flooding, the ground nests of sparrows may be vulnerable to a high risk of predation. To assess the 
relative magnitude of these risk factors, the objective of this research was to investigate the causes of nest 
failure of saltmarsh sparrows in 6 marshes in New Hampshire, Maine and Massachusetts. We conducted 
systematic nest searches during June and July of 2008, and recorded the outcome of each nest (fledged, flooded, 
predated, or unknown). We predicted that the primary cause of nest failure during the first cycle would be 
flooding, after which the birds would become synchronized with the tides. We also tested for an edge effect on 
predation, by measuring the distance of each nest from the marsh edge. We identified 127 nests: 63 during the 
first nesting cycle, and 64 during the second. Of those 127, 45 (35.4%) fledged, 33 (26.0%) were flooded, 45 
(35.2%) were predated, and 4 (3.40%) failed due to unknown causes. On each marsh, 0-73% (x=34.0±22.3) of 
the nests were flooded and 0-69% (x= 27.1±24.7) were predated each cycle. The proportion of flooded nests did 
not differ significantly between cycles one and two (x=33.9±0.23 for cycle one and x=34.2±0.23 for cycle two, 
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t-test, p=0.49). We found no apparent edge effects; predation rates were consistent despite the large range of 
distances of the nest to the marsh boundary. Our findings suggest that flooding and predation rates are highly 
variable among marshes. Results are discussed in light of potential abiotic and marsh specific factors that may 
influence nesting success. 
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The management of white-tailed deer has been an issue in urban and rural environments. In order to better 
understand the movement and breeding biology of urban deer herd, studies on the genetic variatiion in both the 
mt D-loop and the nuclear fingerprinting are currently being undertaken by biology research students at Grove 
City College. The DNA used in these studies was obtained from liver tissue but procedures are capable of using 
hair blood samples, as well. For both procedures utilized Pollymerase Chain Reaction (PCR) to amplify the 
DNA. The mt DNA procedure used primers to amplify the MtDNA D-loop while the nuclear procedure used 11 
different short tandum repeats (STRs) to develop a DNA profile for individual white-tail deer. For both PCR 
products, gell electrophoresis was used to evaluate the PCR products which were then analyzed using an 
Applied Biosystems 310 single capillary automatic DNA sequencer. The mt D-loop sequenes obtained from 
samples collected from the Dayton Ohio Metroparkes System, were compared hablotype GCC-A (Accession 
number EF061657) a white-taied deer harvested in Western Pennsylvania. Moroever, the mt D-loop sequences 
different between samples obtained by the two parks in the Dayton, Ohio (Englewood and Taylorsville). 
Nuclear fingerprinting is currently being used to further analyze the diffences in the genetic composition and 
breeding patterns of white-tailed deer in both urban and rural environments. 
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The saltmarsh sharp-tailed sparrow (Ammodramus caudacutus) is a salt marsh breeding passerine with a range 
spanning from Maine to Virginia. Salt marsh management practices such as draining and diking have resulted in 
the destruction of over 50% of the available breeding habitat for saltmarsh sparrows, causing them to be 
considered a species of conservation priority. Despite their conservation status, little is known about the 
population structure of saltmarsh sparrows, as large scale monitoring programs are lacking. In order to elucidate 
the dispersal patterns and population connectivity of this threatened species molecular techniques were 
employed. Genetic analysis using 8 microsatellite markers was conducted using DNA from blood samples 
collected in the field. We sampled 430 saltmarsh sharp-tailed sparrows using mist nets from multiple subsites 
within 10 marshes ranging from Maine to Long Island. Genotype and allele frequency data were compared 
among and within marshes using individual and population based statistical approaches. Although Fst values 
were typically small (0.003-0.015), differentiation was found among the most geographically separated 
marshes. The Fst values did not conform to a strict isolation by distance pattern, however, as some marshes 
were found to be more genetically heterogenous than others. Results are discussed in light of their conservation 
implications, as an understanding of population connectivity is critical for defining management units and 
assessing conservation strategies for this species. 
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National Wildlife Refuges operate waterfowl banding stations to help attain state and flyway preseason banding 
targets in support of harvest management. With shrinking budgets and increasing demands on funds, managers 
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and administrators seek additional justification to continue banding operations, and ways to improve capture 
efficiency. Refuges often need population data (population size, density, trend) of high priority species to assess 
management actions and justify expenditures. Moosehorn National Wildlife Refuge (NWR), located in eastern 
Maine, annually bands more (approximately 350) American black ducks (black duck) than any other preseason 
banding station in the U.S. Black duck is named a national focus species by USFWS, a highest priority species 
in the Atlantic Northern Forest Bird Conservation Region (BCR 14), a high priority species in the North 
American Waterfowl Management Plan (NAWMP) and a high priority species in Maine's Comprehensive 
Wildlife Conservation Plan. Moosehorn NWR named black duck a focal species to guide habitat management 
for waterfowl. We used capture data of black ducks from preseason banding to evaluate capture efficiency and 
to estimate the size of local populations during August-September 2008. The population estimate will be used to 
monitor future changes in the local population; we offer suggestions for other banding operations to evaluate 
trapping efficiency and to similarly attain population estimates. 
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A live sampling protocol to age birds by measuring pentosidine inthe skin has never been attempted. 
Considerations include biopsy location,amount of skin to process, and closure method of the wound. We 
developed aminimally invasive protocol for live sampling Double-crested Cormorants(Phalacrocorax 
auritus).Pentosidine concentrations (pmol/mg collagen) between the patagium (x‾ =10.6 ± 1.10) and the breast 
(x‾ = 11.2 ± 1.10) were similar (P = 0.10).Pentosidine was marginally higher in 6-mm (x‾ = 12.6 ± 1.19) than 
20-mmdiameter (x‾ = 11.3 ± 1.23) patagial skins (P = 0.02). We took 6-mmdiameter biopsy samples in vivo 
from the breast and patagium of 7 livingcormorants. Wounds were closed with sutures (n = 4) or tissue glue (n 
= 3).Pentosidine was similar between the breast (x‾ =14.7 ± 2.70) and patagium (x‾ = 12.2 ± 1.82) (P = 0.20). 
Healing time(days) was similar between the breast (x‾ = 15.9 ± 1.36) and patagium (x‾ =15.8 ± 1.85) (P = 
0.79). Wo unds closed with tissue glue (x‾ = 14.5 ± 1.12)healed faster thanwith sutures (x‾ = 17.3 ± 0.66) (P < 
0.001). Pentosidine analysisfor aging live birds is a viable technique, estimates age within 2½ years,and can be 
useful for aging long-lived birds. We recommend taking 6-mm skinsamples from the patagium and closing the 
wounds with tissue glue. 
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