
 
 The Northern Diamondback Terrapin (Malaclemys terrapin terrapin)  

in the Northeast United States: 
A Regional Conservation Strategy  

 
 

 

                            
 
 
 
   

 
Prepared by:  

Stephanie Egger, Wildlife Biologist 
Conserve Wildlife Foundation of New Jersey, Inc.  

with 
Contributions from the Diamondback Terrapin Working Group 

 
Prepared for:  

Northeast Association of Fish & Wildlife Agencies  
Northeast Regional Conservation Needs Grant Program 

2016 
 

 
Made possible by State Wildlife Grants and funded by the Northeast Regional Conservation Needs Grant Program. 

 
 

 

 



i 
 

REGIONAL CONSERVATION NEEDS GRANT PROGRAM 
  
The Northern Diamondback Terrapin (Malaclemys terrapin terrapin) in the Northeastern United States: A Regional 
Conservation Strategy was supported by State Wildlife Grant funding awarded through the Northeast Regional 
Conservation Needs (RCN) Grant Program (RCN Grant 2013-02). The RCN Grant Program joins thirteen northeast 
States, the District of Columbia, and the U.S. Fish and Wildlife Service in a partnership to address landscape-scale, 
regional wildlife conservation issues. Progress on these regional issues is achieved through combining resources, 
leveraging funds, and prioritizing conservation actions identified in the State Wildlife Action Plans (SWAPs). See 
http://RCNGrants.org. 
 
 
 
 
 
 
 
 
 
COVER IMAGE: Female Northern diamondback terrapin © Brian Tang 
  



ii 
 

STATE AGENCY PROJECT LEADS AND/OR CONTRIBUTORS 
 
 
New Hampshire (for technical support) 
Michael Marchand, New Hampshire Fish and Game Department, Concord, New Hampshire 
 
Massachusetts 
Dr. Jonathan Regosin, Massachusetts Division of Fisheries and Wildlife, Westborough, Massachusetts 

 
Rhode Island 
Chris Raithel, Rhode Island Department of Environmental Management, West Kingston, Rhode Island 
 
Connecticut 
Jenny Dickson, Connecticut Department of Energy and Environmental Protection, Burlington, Connecticut 
Brian Hess, Connecticut Department of Energy and Environmental Protection, Burlington, Connecticut 
 
New York 
Kelly Hamilton, New York State Department of Environmental Conservation, Stony Brook, New York 
Michelle Gibbons, New York State Department of Environmental Conservation, Stony Brook, New York 
John Ozard, New York State Department of Environmental Conservation, Albany, New York 
 
New Jersey 
Jeanette Bowers Altman, New Jersey Division of Fish and Wildlife, Trenton, New Jersey 
Michael Davenport, New Jersey Division of Fish and Wildlife/Conserve Wildlife Foundation of NJ, Trenton, New 
Jersey 
 
Delaware 
Holly Niederriter, Delaware Division of Fish and Wildlife, Smyrna, Delaware 
Robert Meadows, Delaware Department of Natural Resources and Environmental Control, Delaware 
 
Maryland 
Scott Smith, Maryland Department of Natural Resources, Annapolis, Maryland 
 
Virginia 
Ruth Boettcher, Virginia Department of Game and Inland Fisheries, Machipongo, Virginia 
J.D. Kleopfer, Virginia Department of Game and Inland Fisheries, Charles City, Virginia 

Rebecca K. Gwynn, Virginia Department of Game and Inland Fisheries, Richmond, 
Virginia 
 
 
 

 
  



iii 
 

CONTRIBUTORS AND COLLABORATORS 
*Indicates Major Contributor 

 

 
Massachusetts 
Dr. Barbara Brennessel, Wheaton College, Norton, Massachusetts 
Don Lewis and Sue Wieber Nourse, Cape Cod Consultants, Marion, Massachusetts 
Bob Prescott, Massachusetts Audubon, Lincoln, Massachusetts 
Mark Faherty, Massachusetts Audubon, Lincoln, Massachusetts 
Nina Coleman, Sandy Neck, Centerville, Massachusetts 
Robert Cook, Cape Cod National Seashore, Wellfleet, Massachusetts 
 
Rhode Island 
Charlotte Sornborger, Barrington Land Conservation Trust, Barrington, Rhode Island 
Dr. Malia Schwartz, University of Rhode Island, Kingston, Rhode Island 
Dr. Nancy Karraker, University of Rhode Island, Kingston, Rhode Island 
Sarah Helmbrecht, Rhode Island 
 
Connecticut 
Dennis Quinn, CTHerp Consultant, LLC, Connecticut 
Alisha Mullett, SoundWaters, Stamford, Connecticut 
Leigh Shemitzm, SoundWaters, Stamford, Connecticut 
 
New York 
Dr. Russell Burke, Hofstra University, Hempstead, New York 
Laura Francoeur, Port Authority of NY and NJ, John F. Kennedy International Airport, Jamaica, New York 
Michael Farina, Marine Nature Study Area, Oceanside, New York 
Dr. Noga Neeman, Via/Hofstra University, New York City, New York 
Dr. Matt Draud, formerly of Long Island University (CW Post), Brookville, New York 
Nancy Grant, Friends of Flax Pond, Stony Brook, New York 
Karen Testa, Turtle Rescue of the Hamptons, Inc., Jamesport, New York 
 
New Jersey 
Dr. John Wnek, Marine Academy of Technology and Environmental Science, Manahawkin, New Jersey 
Brett Bragin, NJ Sports & Exposition Authority, Lyndhurst, New Jersey 
Dr. Lisa Ferguson, The Wetlands Institute, Stone Harbor, New Jersey 
Brian Williamson, The Wetlands Institute, Stone Harbor, New Jersey 
William Doughty, Margate Terrapin Rescue Project, Margate, New Jersey 
Kimberly Lull, Margate Terrapin Rescue Project, Margate, New Jersey 
Michael Davenport, Conserve Wildlife Foundation of NJ/ NJ Division of Fish and Wildlife, Robbinsville, New 
Jersey 

Dr. Brooke Maslo, Rutgers University, New Brunswick, New Jersey 
Karen Leu, Rutgers University, New Brunswick, New Jersey 

Dr. Richard Bastian Monmouth University, West Long Branch, New Jersey 
Statistician students - Samantha Giordano, Amanda Sutton, Rebecca Lloyd, Taylor Bernosky, Austin Alcott, and 
aŜƎŀƴ hΩ5ƻƴƴŜƭƭΣ aƻƴƳƻǳǘƘ ¦ƴƛǾŜǊǎƛǘȅΣ West Long Branch, New Jersey 
Ben Wurst, Conserve Wildlife Foundation of NJ, Woodbine, New Jersey 
Kathy Lacey, Terrapin Nesting Project, High Bar Harbor, New Jersey 
Sarah Moss, Terrapin Nesting Project, High Bar Harbor, New Jersey (with {ǘΦ WƻǎŜǇƘΩǎ ¦ƴƛǾŜǊǎƛǘȅΣ tƘƛƭŀŘŜƭǇƘƛŀΣ t!ύ 
 
Delaware 
E.J. Chalabala, Delaware Center for the Inland Bays, Rehoboth Beach, Delaware  



iv 
 

Maryland 
Paula Henry, USGS Patuxent Wildlife Research Center, Beltsville, Maryland 
Willem Roosenburg, Ohio University, Athens, Ohio (Maryland terrapin Work) 
Marguerite Whilden, The Terrapin Institute, Neavitt, Maryland 
Jeff Popp, The Terrapin Institute, Neavitt, Maryland 
 
Virginia 
Dr. Randy Chambers, College of William and Mary, Williamsburg, Virginia  
Timothy Russell, College of William and Mary, Williamsburg, Virginia  
Dr. Donna Bilkovic, Virginia Institute of Marine Science, Gloucester Pt., Virginia  
Kory Angstadt, Virginia Institute of Marine Science, Gloucester Pt., Virginia  
Diane Tulipani, Virginia Institute of Marine Science, Gloucester Pt., Virginia  
Robert Isdell, Virginia Institute of Marine Science, Gloucester Pt., Virginia  
Dr. Matthew Stone, Kutztown University, Kutztown PA (Virginia terrapin work) 
Karen Terwilliger, Terwilliger Consulting Inc., Locustville, Virginia  
Julie Victoria, Terwilliger Consulting Inc., Locustville, Virginia  
Dr. Elizabeth Crisfield, Terwilliger Consulting Inc., Locustville, Virginia  
 
 
  



v 
 

TECHNICAL REVIEW 
 

 
Technical review of all or part of this draft was graciously provided by:  
 
Dr. Barbara Brennessel, Wheaton College, Norton, Massachusetts 
Dr. Malia Schwartz, University of RI, Kingston, Rhode Island 
Jenny Dickson, CT Department of Energy and Environmental Protection, Burlington, Connecticut 
Dr. Russell Burke, Hofstra University, Hempstead, New York 
Jeanette Bowers-Altman, NJ Division of Fish and Wildlife, Trenton, New Jersey 
Dr. John Wnek, Marine Academy of Technology and Environmental Science, Manahawkin, New Jersey 
Dr. Lisa Ferguson, The Wetlands Institute, Stone Harbor, New Jersey 
Brian Williamson, The Wetlands Institute, Stone Harbor, New Jersey 
Holly Niederriter, DE Division of Fish and Wildlife, Smyrna, Delaware 
Ruth Boettcher, Department of Game and Inland Fisheries, Machipongo, Virginia  
 
  



vi 
 

ACKNOWLEDGMENTS  
 
We cannot overstate the value of the generous contributions and support of many individuals who serve as 
members and terrapin experts of the Diamondback Terrapin Working Group (DTWG) and provided occurrence 
data and expert opinion to this Conservation Strategy. Over 65 biologists and partners from all levels of 
government, non-governmental organizations, and academic institutions, as well as unaffiliated individuals have 
provided important information and support reflected in this Conservation Strategy. We recognize the collective 
on-going efforts to conserve terrapins in the Northeast (NE) and throughout the species range. 
 
Forty partners and over 65 total datasets from the NE region graciously provided databases of terrapin 
occurrences that were essential to the building of the occurrence GIS layer (see Appendix A). We are forever 
grateful for the organization of the occurrence data by Michael Davenport (Conserve Wildlife Foundation of New 
Jersey, Inc., [CWFNJ]/NJ Division of Fish and Wildlife) who built the GIS layer used to identify current terrapin 
occurrence, data gaps, as well as for use in further analysis. This GIS layer was essential to the probability of 
occurrence model conducted by Karen Leu and Dr. Brooke Maslo (Rutgers University) that will serve as an 
important conservation tool that can be used by all researchers and partners to analyze threats throughout the 
entire NE. 
 
²ŜΩŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ŀnd partners of the NE Region who provided mark/recapture data for the 
population modeling including Mark Faherty of Massachusetts Audubon (records from many partners from 
Massachusetts [MA], 1980 to current), Charlotte Sornborger (Barrington Land Conservation Trust, Rhode Island), 
Dr. Russell Burke (Hofstra University, New York [NY]), Michael Farina (Marine Nature Study Area, [NY]), Dr. John 
Wnek (Marine Academy of Technology and Environmental Science, New Jersey [NJ]), and Brett Bragin (NJ Sports & 
Exposition Authority, NJ). We are especially grateful for the expertise of Dr. Noga Neeman (Via/Hofstra University, 
NY) who performed the modeling work and the technical support provided by Dr. Russell Burke. This effort was 
made possible by the data organization provided by Dr. Richard Bastian (Monmouth University, NJ) and his 
statistician students - Samantha Giordano, Amanda Sutton, Rebecca Lloyd, Taylor Bernosky, Austin Alcott, and 
aŜƎŀƴ hΩ5ƻƴƴŜƭƭΦ  
 
²ŜΩŘ ŀƭǎƻ ƭƛƪŜ ǘƻ ǘƘŀƴƪ CWFNJ interns, Kimberly Bernotas and Kendall Miller for their research and administrative 
support that contributed to this document. 
 
This work was funded by the RCN program grant from the Northeast Association of Fish and Wildlife Agencies (RCN 
2013-2) to Stephanie Egger (CWNFJ). 
 

* * *  

 
DISCLAIMER: This document describes recommendations to address threats and conservation actions for terrapins 
in the NE U.S. It does not obligate any party to undertake specific actions and may not represent the views or the 
official positions or approval of any individuals or agencies involved in terrapin recovery.  
 
NOTICE OF COPYRIGHTED MATERIAL: Permission to use copyrighted images in this document has been granted by 
the copyright holders. These images are not placed in the public domain by their appearance herein. They may not 
be copied or otherwise reproduced, except in their printed context within this document, without the written 

consent of the copyright holder. 
 
Report prepared by:  Stephanie Egger, Principal Investigator and Wildlife Biologist, CWFNJ 
stephanie.egger@conservewildlifenj.org  
 
Recommended citation: Egger, S. and the Diamondback Terrapin Working Group. 2016. The Northern 
Diamondback Terrapin in the Northeastern United States: A Regional Conservation Strategy.  
An electronic copy of this document is available at RCN. 

http://rcngrants.org/content/northern-diamondback-terrapin-malaclemys-terrapin-terrapin-ne-united-states-regional


vii 
 

EXECUTIVE SUMMARY 
 
Northern diamondback terrapin (Malaclemys terrapin terrapin) (terrapin) populations have declined due to a 
ƴǳƳōŜǊ ƻŦ ŦŀŎǘƻǊǎ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ мфллΩǎΦ IƛǎǘƻǊƛŎ ŎƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊƛŜǎΣ ƭƻǎǎ ƻŦ ƘŀōƛǘŀǘΣ ŘǊƻǿƴƛƴƎ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ 
recreational crab pots, increased nest failure due to predation from raccoons and other subsidized predators, and 
road mortality have been the primary causations for population decline (Brennessel n.d.). Illegal harvest and trade 
in the Asian food markets, both domestic and abroad may also be a major threat.  
 
The terrapin has been identified as a Species of Greatest Conservation Need (SGCN) in the NE SWAPs. The terrapin 
is found in eight states of the Northeast /mid-Atlantic regions and is considered Threatened in MA, Endangered in 
RI, and Special Concern in CT. In DEΩǎ SWAP, the species is considered a Tier I species, which is most in need of 
conservation action in order to sustain or restore their populations. In VAΩǎ SWAP, the species is considered a Tier 
II Species of Greatest Conservation Need. In NY and MD, the species is identified in their respected SWAP, but with 
no priority ranking given. In NY and CT, the terrapin is identified as an S3 - Vulnerable species and in MD ƛǘΩǎ ŀƴ {п ς 
Apparently Secure species. NatureServe lists the Global Status of the terrapin as T4-Apparently Secure. In NJ, the 
terrapin is a commercial marine species and identified in the SWAP as species of greatest conservation need 
[SGCN]. 
 
The species has been identified by the NE Partners in Amphibian and Reptile Conservation (NEPARC) as a species of 
regional conservation concern in the NE Amphibian and Reptile Species of Regional Responsibility and 
/ƻƴǎŜǊǾŀǘƛƻƴ /ƻƴŎŜǊƴ wŜǇƻǊǘ ŀǎ ƛǘ ŦƻǳƴŘ ƛƴ җ тр ҈ ƻŦ ǎǘŀǘŜǎ ƭƛǎǘŜŘ ƛƴ ǘƘŜ SWAP and > 50% of NDBT distribution is 
within the NE Region of North America (NEPARC 2010). Therres (1999) also suggested that the terrapin merits a 
federal listing assessment. There is no specific federal program/policy for the terrapin and state programs rarely 
coordinate regional efforts in the absence of a federal mandate (Hackney 2010).  
 
A regional Conservation Strategy is needed at this time to identify steps that can be taken regionally and by state 
to reduce further decline of this species and to help achieve long-term sustainability of the terrapin population in 
the Northeast and mid-Atlantic regions. To pursue a regional Conservation Strategy, existing data must be 
compiled and evaluated by state and regionally from a number of partners and organizations. This proposal 
represents the first major effort of the DTWG to take a comprehensive view of the status of the terrapin in the 
Northeast and mid-Atlantic regions. In 2008, the (mid-Atlantic) DTWG meeting identified the development of a 
conservation plan as a priority action item. Despite its importance, no plan has been developed to date due to 
limited resources. The development of a Conservation Strategy will help guide and coordinate multiple-state laws 
and policies to protect the terrapin and its habitat and may reduce the need for a Federal listing assessment (as 
was also suggested by Hackney [2010]).  
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OBJECTIVES 
 

The objectives of the Conservation Strategy were to: a) Compile and examine existing data on 
terrapin locations and status within the states and the region, identify data gaps, build a 
dataset from existing occurrence data, develop maps and show trends in distribution and 
habitat, and identify the most important focal areas to the species; b) Compile, characterize and 
rank threats within states and regionally; c) Draft the Conservation Strategy with developed 
strategic conservation actions from the eight Northeast and Mid-Atlantic states as described in 
the DOCUMENTED TERRAPIN OCCURRENCE OF THE NORTHEAST section. 
 
The Conserve Wildlife Foundation of New Jersey, Inc. (CWFNJ) took the lead in coordination 
between the states/partners and organized meeting(s) to help foster a collaborative process 
and conservation strategy. The CWFNJ collected, analyzed, and interpreted region-wide data, in 
partnership with the DTWG, which represents all states where the species occurs in the NE, 
multiple NGOs, and other partners (listed in Appendix A). The CWFNJ compiled GIS maps with 
the data collected for occurrences and areas of important habitat. The CWFNJ with state 
partners and members of the DTWG, conducted a threat assessment and developed strategic 
conservation actions for each state and regionally. The CWFNJ also conducted a literature 
search to evaluate and summarize the regulatory status region wide. We also used the 
compiled regional data to conduct species distribution modeling and demonstrated how this 
information can inform decision makers, land managers, and others on the impacts of threats 
to this species, such as sea level rise, road mortality, and fisheries interactions. Available 
mark/recapture data were also compiled for some states and population analysis was 
conducted to determine current trends. The CWFNJ developed this Conservation Strategy with 
invaluable assistance from key players of the Diamondback Terrapin Working Group and RCN 
committee members. 
 
PURPOSE AND GEOGRAPHIC SCOPE OF THIS STRATEGY  
 
This Conservation Strategy synthesizes conservation needs across the coastal NE range, MA to 
VA, SGCN, the Northern Diamondback Terrapin. The NE RCN Grant Program funded the 
development of this Conservation Strategy to enhance collaboration among recovery partners 
and address priority threats and conservation actions across its NE range. This Conservation 
Strategy provides a unified summary of the occurrence, species distribution and population 
modeling (where applicable), and threat assessments. It also identifies the planning, 
coordination, protection, and research actions needed to address priority threats to terrapins 
and their habitat. The Conservation Strategy is intended to serve as an integrated resource for 
biologists, land managers, regulators, and others seeking to conserve terrapins and to focus 
conservation actions within the NE. While we recognize that terrapin protection in the 
remainder of the range is very important, this document only provides cursory information 
about the NE. Terrapin conservation actions in other states are strongly encouraged, and 
parallel-planning documents may be warranted. 
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RELATIONSHIP OF THIS STRAEGY TO STATE WILDLIFE ACTIONS PLANS 
 
For this Conservation Strategy, the NE states partook in a Threat Assessment outlined by the 
Northeast Lexicon, which is a hierarchical Threat Classification System adopted by the IUCN 
threat classification system to classify and name threats and also the system that is being used 
for the 2015 revisions of the NE SWAPs. We therefore organized threats for terrapins under the 
broadest categories including: Residential and Commercial Development, Transportation, 
Biological Resource Use, Human Intrusions and Disturbance, Natural System Modifications, 
Pollution, Climate Change and Severe Weather, Invasive and Other Problematic Species and 
Genes. We added our own broad category of Predation and Disease as well. The strategic 
Conservation Actions developed for this Conservation Strategy, which were derived from 
conducting the Threat Assessment, mainly followed the format of the Northeast Lexicon as well 
and the format that is also being used for the 2015 revisions of the NE SWAPS. Essentially for 
future revisions of the NE SWAPS, this Conservation Strategy may be referenced or used 
directly for state proposed conservation actions. 
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LIFE HISTORY AND DEMOGRAPHICS  
 
The diamondback terrapin (Malaclemys terrapin) is a turtle in the family Emydidae, the group 
of pond or marsh turtles occurring in the Western Hemisphere. It occurs along the U.S. Atlantic 
coastline from Cape Cod, MA south to the Gulf of Mexico (Roosenburg 1994, Hart and Lee 
2006) and is the only species of turtle in the USA that exclusively inhabits brackish water. Seven 
subspecies of diamondback terrapin are currently delineated; however, recent genetic analyses 
suggest only four subspecies exist (Hart et al. 2014). The northernmost ranging subspecies is 
the Northern diamondback terrapin (Malaclemys terrapin terrapin) (terrapin), which occurs 
along the NE and mid-Atlantic coast of the U.S. from Cape Cod, MA south to Cape Hatteras, 
North Carolina (Ernst et al., 1994).  
 
Terrapins spend much of their lives in open bays and tidal creeks, where they breed and forage 
on a variety of mollusks, crustaceans, and submerged aquatic vegetation. Females emerge from 
the water for a brief period of time in search of nesting grounds on dry upland beaches. 
Terrapins nest in June and July (Roosenburg 1991, Feinberg and Burke 2003), but the nesting 
season extends from April to September for the southern subspecies (Seigel 1980a, Zimmerman 
1992). Terrapins prefer nesting in areas with either little vegetation or very sparse vegetation, 
rather than areas heavily covered with it (Williamson 2011), preferably upland and sandy areas 
(Hart and Lee 2006). An ideal nesting habitat would include narrow strips of sand between 
estuarine water and a marsh (Hart and Lee 2006). Females have also been observed to prefer 
cleaner areas to littered ones (Scholz 2006). Terrapins exhibit nest site fidelity and typically 
have small home ranges within their populations (Burger 1977, Roosenburg 1991, Spivey 1993, 
Gibbons et al. 2001, Butler 2002, Sheridan et al. 2010); however, exceptions have been 
documented, including one individual terrapin returning 12.5 km to its original tagging location 
after being displaced by a fisherman (Spivey 1993) and two others that were caught > 8 km 
away from their original release locations over multiple years (Sheridan et al. 2010).  
 
Terrapins like other turtles, grow and mature at a slow rate. Females generally reach sexual 
maturity around six years of age (between 13.2 and 17.6 cm) while males mature around three 
to four years (9 cm) (Lovich and Gibbons 1990 as cited in Szerlag 2006). However, Roosenburg 
(1991) noted that some terrapins mature later -- between eight and thirteen years for females 
(as cited in Szerlag 2006) and between four and seven years for males (Roosenburg 1996 as 
cited in Wnek 2014) and observed in MA (B. Brennessel, Wheaton College, pers. comm. 2016). 
The typical size for an egg laying female in NJ is between 13.2 cm and 18.4 cm (SPL) 
(Montevecchi and Burger 1975 as cited in Szerlag 2006). Terrapins lay one to a three clutches 
(Roosenburg 1991, Wnek 2014) of 4 to 18 eggs per season (Burger and Montevecchi 1975). 
Terrapins have been observed laying at least two clutches in NJ, New York (NY), and MA 
(Szerlag 2006, Feinberg and Burke 2003, Auger and Giovannone 1979). In one NJ study, clutch 
sizes averaged 9.76 and ranged from 4 to 18 eggs (Burger and Montevecchi 1975) while in 
another NJ study the average clutch was 12.7 eggs in situ (Wnek 2014). This is not markedly 
different from clutch sizes measured in nearby states: 10.9 in NY (Feinberg and Burke 2003) and 
13.2 in Maryland (MD) (Roosenburg 1991). 
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Terrapins generally enter hibernation in November and December, buried in the mud substrate 
of the tidal estuary creek bottoms, in ponds, or banksides (Coker 1906, Carr 1952, Ernst and 
Barbour 1972, Yearicks et al. 1981, Seigel 1984 as cited Outerbridge 2013). They will remain 
there until February or March the following year (Yearicks et al. 1981, Seigel 1984 as cited in 
Outerbridge 2013). In MA, the earliest observed emergence is typically in April (B. Brennessel 
pers. comm. 2016). Terrapins may hibernate in large aggregations (Haramis et al. 2011), small 
numbers of individuals or singly (Yearicks et al. 1981). Terrapins hibernate in shallow depths, as 
it has been observed in NJ where terrapins were documented in the intertidal zone or the 
upper limit of the tides in the bankside, or at the bottom of the salt marsh creek 1.5 to 2.5 m 
deep at low tides (Yearicks et al. 1981 as cited in Palmer and Cordes 1988). Terrapins have been 
found stacked on top of each other in just a few feet of water during low tides during 
hibernation (Brennessel 2006). This behavioral trait makes terrapins very vulnerable to harvest 
as they are immobile and in large groups so many terrapins may be harvested in a relatively 
short period of time (Haramis et al. 2011). 
 
Terrapin demography is characterized by very low natality and recruitment and high adult 
survival (Gibbons et al 2001; Tucker et al. 2001 as cited in Haramis et al. 2011). The survival rate 
of terrapin nests has been estimated to be 10% (Ayers 2010 - VA). Feinberg and Burke (2003 - 
NY) documented a 92.2% nest mortality rate (i.e., 7.8% survival) for terrapins. Limited 
information is available for hatchling or juvenile survival rate, but Draud et al. (2004 - NY) found 
a 67% predation rate from Norway rats (Rattus norvegicus) on hatchlings with transmitters and 
suggest less than 10% survivorship during the first year. An indirect estimate of juvenile survival 
was calculated through matrix population modeling at 56.5% (Mitro 2003 ς Rhode Island [RI]). 
Adult survival rate was calculated for females at 94.4% to 95.9% (model averaged estimates) 
(Mitro 2003 - RI). 
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STATUS OF THE TERRAPIN IN THE NORTHEAST  
 
Terrapins face a suite of anthropogenic threats across the NE including, but not limited to, 
habitat loss, predation, fisheries issues (i.e. overharvest, mortality in abandoned crab pots and 
other fishing gear), road mortality, recreational boating, and sea-level rise.  The available 
habitat for terrapins has been severely impacted by the rapid urbanization of estuaries, which 
has reduced marsh habitat availability and quality (Ner and Burke 2008). Coastal development, 
particularly the installation of hard structures for shoreline stabilization, prevents terrapins 
from accessing nesting habitat (Wnek 2010, Roosenburg et al. 2014) and causes individuals to 
travel farther distances in search of suitable locations from which to access land, potentially 
reducing fitness due to greater energy expenditure (Winters et al. 2015). 
 
Automobile collisions are a significant cause of mortality. As coastal development continually 
expands and access to natural habitats are lost, gravid females increasingly encounter roads 
while accessing nesting grounds (Roosenburg 1994). Roadsides act as ecological traps, 
mimicking the elevated, sandy terrain of natural nesting habitat. In southern NJ, 4,020 terrapins 
were killed on just six roads over seven years (Wood and Herlands 1997), and a study 
conducted over two nesting seasons observed nearly 10% mortality of all nesting females that 
had ventured onto a single road (Szerlag and McRobert 2006 and Szerlag 2006). The selective 
loss of mature females can have significant population-level impacts on this long-lived species, 
which experience delayed sexual maturity and high hatchling mortality rate (Aresco 2005, 
Avissar 2006, Steen et al. 2006).  
 
Abandoned commercial crab traps in bays and estuaries are also a major concern because 
terrapins enter the traps and cannot escape. Roosenburg et al. (1997) estimated 15 ς 78% of a 
population in Maryland (MD) drowned in crab pots in one year, and mortality was reported to 
approach 100% in NJ (Wood 1997). Whereas mature females are disproportionately at risk from 
vehicular strikes, crab pots predominantly threaten smaller males and juvenile females that can 
more easily enter the traps (Bishop 1983, Wood 1997, Harden and Williard 2012).  
 
Human-subsidized predators, such as raccoons (Procyon lotor), crows (Corvus spp.), and red 
foxes (Vulpes vulpes) prey heavily on eggs and hatchlings. Predation, particularly by raccoons, 
has been cited for up to 70% of nest mortality in the Patuxent River, MD (Roosenburg and Place 
1994), and 92% in Jamaica Bay, NY (Feinberg 2004), with most depredations occurring within 48 
hours of oviposition (Burger 1977, Butler et al. 2004). Predation rates increase with nest density 
(Roosenburg and Place 1994), and the loss of nesting habitat increases nest density at 
remaining available sites, negatively affecting nest survivorship of those populations.  
 
Recreational watercraft in bays and waterways pose both a direct mortality threat, as well an 
indirect impact on habitat quality (Burger and Garber 1995, Gibbons et al. 2001). Even where 
morality does not occur, collisions with boat propellers cause major damage to the carapace 
and loss of limbs (Sornborger et al. 1994, Cecala et al. 2008, Lester et al. 2013). Larger 
individuals are more susceptible to injury (Cecala et al. 2008), placing an additional selective 
pressure on mature females.  
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In addition to the major threats detailed above, terrapins are also impacted by the rapid 
urbanization of estuaries, which has reduced marsh habitat availability and quality (Ner and 
Burke 2008). Coastal development, particularly the installation of hard structures for shoreline 
stabilization, prevents terrapins from accessing nesting habitat (Wnek 2010, Roosenburg et al. 
2014) and causes individuals to travel farther distances in search of suitable locations from 
which to access land, and may increase risk of predation due to exposure (Winters et al. 2015). 
Climate change only exacerbates these threats. 
 
Terrapins face similar threats across the NE (and their entire range), making examinations of 
their populations beyond the typical constraints of administrative and political boundaries 
necessary (Butler et al. 2006, Ner and Burke 2008). Conservation efforts and research for 
terrapins are typically conducted at the local scale (Burger and Montevecchi 1975, Hurd et al. 
1979, Gibbons et al. 2001, Feinberg and Burke 2003, Szerlag and McRobert 2006, Crawford et 
al. 2014). While these actions likely are beneficial to local populations, the large distribution of 
terrapins and their wide dispersal capabilities require consideration of population impacts at a 
regional scale (Poiani et al. 2000, Spivey 1993, Sheridan et al. 2010). To offset the effect of 
disturbed habitat, habitat restoration or reserve creation must also be implemented at a much 
larger size than the disturbed patch (Poiani et al. 2000), a goal that may only be feasible at 
larger scales. Management across state boundaries is needed to effectively implement and 
regulate policies, particularly for neighboring states whose coastlines and waters are likely 
shared by terrapin populations. 
 
While terrapins are not federally listed, significant observed mortality from threats summarized 
above combined with limited information on population dynamics have prompted conservation 
attention and proposals for protective regulations. Terrapins are currently listed under 
Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna & 
Flora (CITES), following a 2013 proposal to afford the species protection from illegal harvest and 
trade (CITES 2013) (see Commercial Harvest Section). In 2011, the International Union for 
Conservation of Nature and Natural Resources (IUCN) recommended amending the terrapin 
status from near threatened to vulnerable. Terrapins are however, State-listed in MA 
(Threatened), RI (Endangered), and CT (Special Concern), but are considered a SGCN in all states 
in the NE from MA to VA (Table 1). Terrapins are also considered to be a game species in NY, NJ, 
and DE and still subject to harvest (Table 1). In NJ, terrapins are listed as a game species; 
however, there has been a moratorium on a commercial harvest during the open season of 
2015 and 2016 (see Administrative Order - http://www.nj.gov/dep/docs/ao2016-02.pdf). 
Currently, there is a bill (A-2949) that would designate the terrapin as a nongame indigenous 
species subject to the same laws, rules, and regulations governing other nongame indigenous 
reptiles in NJ. On April 7, 2016 the bill was approved 71-0 and now awaits further consideration 
by the NJ Senate (see the news release for further information).  
 

 
 
 

http://www.nj.gov/dep/docs/ao2016-02.pdf
http://www.assemblydems.com/Article.asp?ArticleID=10988
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Below are the current legal status and/or conservation status of terrapins from MA to VA. 
 

Table 1. Terrapin status in the Northeast 

 CURRENT LEGAL and/or CONSERVATION STATUS  

Massachusetts State listed as Threatened, 
SWAP* species of greatest conservation need 

Rhode Island State listed as Endangered, 
SWAP* species of greatest conservation need 

Connecticut State listed as species of special concern (2015), 
SWAP* species of greatest conservation need 

New York Protected game species. SWAP*species of greatest conservation need 
 

New Jersey Commercial marine species. SWAP* species of greatest conservation need 
 

Delaware Protected game species. SWAP* species of greatest conservation need 
 

Maryland SWAP* species of greatest conservation need 
 

Virginia SWAP* species of greatest conservation need 
 

*SWAP= STATE WILDLIFE ACTION PLAN 

 

  



7 
 

DOCUMENTED TERRAPIN OCCURRENCE IN THE NORTHEAST 
 
The CWFNJ collaborated with 40 partners including federal and state agencies, NGOs 
conservation groups, researchers and academia, and other stakeholders across the NE and Mid-
Atlantic U.S. to gather terrapin occurrence data (see Appendix A for a full list of contributors). 
An occurrence is defined as the confirmed sighting of a terrapin nesting, crossing a road, or in 
the water. Additional sources of occurrence data were pulled from peer-reviewed journals and 
other reports for a total of 60 sources that contributed to the NE regional terrapin occurrence 
data set and GIS layer (Appendix A). These data represent terrapins within the NE Region of 
MA, RI, CT, NY, NJ, DE, MD, and VA and are consistent with the known range of the Northern 
diamondback terrapin, spanning from Cape Cod, MA south to the VA coastline (Figure 1). It 
should be noted that terrapins may be present in areas outside of the documented occurrence, 
but are not currently studied or managed. Descriptions of terrapin occurrence are provided 
below for each individual state in areas where terrapins occur and are managed (varying 
degrees). These are likely not the only areas where terrapins occur within the NE. 
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Figure 1. Documented terrapin occurrence in the Northeast. 
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Massachusetts 
 
Massachusetts has approximately 67,163 acres of tidal marsh habitat (The Nature Conservancy 
[TNC] n.d.). Terrapin occurrence has been documented in Barnstable, Plymouth and Bristol 
counties in MA (Figure 2) with documented concentrations in Cape Cod Bay (Wellfleet, 
Eastham, Orleans, Sandy Neck/Barnstable), Buzzards Bay (Wareham, Bourne, Marion, 
Dartmouth, Westport) and Tauton River. Comprehensive research in MA has occurred for the 
last 35 years on terrapin occurrence and local level threats by Don Lewis and Sue Wieber 
Nourse (Cape Cod Consultants). They provided much of the following information on terrapins 
in MA. Terrapins are managed by several organizations and researchers including the federal 
Cape Cod National Seashore, Massachusetts Audubon, Cape Cod Consultants, Wheaton College 
(B. Brennessel), Sandy Neck Beach Park, among others. 

 
Figure 2. Documented terrapin occurrence in Massachusetts. 
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Cape Cod Bay  
 
Cape Cod Bay is a large bay, measuring 604 square miles (mi) from Marsh to Provincetown, MA. 
It is enclosed by Cape Cod to the south and east, and Plymouth County, MA to the west and has 
559 mi of coastline (MA Executive Office of Energy and Environmental Affairs 2016a). Cape Cod 
Bay populations (bay and oceanside) have escaped some of the heaviest human development 
pressures on the mainland side of the Cape Cod Canal until recent decades. The size of Cape 
Cod Bay female terrapins is at least 15% smaller than other populations of MA (D. Lewis pers. 
comm. 2015). Terrapins can be found on Cape Cod Bay in Wellfleet Bay (principally Wellfleet, 
North Eastham) - Wellfleet (Cape Cod National Seashore) North Eastham, Wellfleet/Eastham 
Border (North) Eastham, Eastham/Orleans Border, Orleans and Chatham (primarily oceanside), 
Orleans/Brewster Border, Brewster (bayside) within the following estuaries/sites:  Barnstable 
Wellfleet Bay - Herring River (Griffin & Great Islands), Great Beach Marshes, Duck Creek, 
Chipman's Cove, Indian Neck (Fox Island Wildlife Management Area), Blackfish Creek, 
Lieutenant Island, Loagy Bay, Fresh Brook Run, Wellfleet Bay Wildlife Sanctuary (WBWS), 
Hatches Creek, Sunken Meadow; Pleasant Bay (principally oceanside Orleans, Chatham) - 
Henson's Cove, Arey's Pond, Henson's Cove, Frostfish Cove, Lucy Pond, Pochet Island, Nauset 
Beach, Sampson, Island, Hog Island; Cape Cod Bay Inner Elbow (Bayside Brewster-Orleans-
Eastham) ς First Encounter Marsh (Herring River), Boat Meadow Creek, Rock Harbor, Little 
Namskaket Creek, Namskaket Creek; and Barnstable Harbor (Barnstable).   
 
Nesting occurs along the entire coastline of Wellfleet Bay. Nesting in Barnstable Harbor occurs 
in dunes all along the south-facing coastline of Sandy Neck, the full expanse, yet it also occurs in 
any sandy spot, dirt road or driveway on the south-side, north-facing coastline where no 
obstacles exist.  The same is true throughout the Buzzards Bay estuaries (D. Lewis pers. comm. 
2015). 
 
Buzzards Bay 
 
Buzzards Bay is a moderately large estuary located in southeastern MA between the western-
most portion of Cape Cod and the Narragansett Bay in RI (MA Executive Office of Energy and 
Environmental Affairs 2016b). The coastline of Buzzards Bay (including Westport) stretch over 
350 mi including the outer coast and harbor and estuary coastlines, and the bay facing coasts of 
the Elizabeth Islands (Buzzards Bay National Estuary Program 2016). Buzzards Bay contains 
5,000 acres of salt marsh, 10,500 acres of eelgrass beds, and 5,000 acres of tidal flats (MA 
Executive Office of Energy and Environmental Affairs 2016b). Coastal areas, especially on the 
mainland side of Buzzards Bay, have been under human pressure (development) since the 17th 
century resulting in loss of nesting habitat (D. Lewis pers. comm. 2015). Coastal development 
and hardening coastlines have destroyed much of the nesting habitat and degraded most of the 
salt marsh nurseries.  Harvesting of terrapins and crab bycatch has also contributed to 
depressed populations (D. Lewis pers. comm. 2015).  Compared to Cape Cod Bay, mainland 
populations are very small and the numbers of terrapins in many estuaries are very low and 
these terrapins may be close to extirpation or have populations that have already been 
extirpated (D. Lewis pers. comm. 2015). Minimal population mixing among upper Buzzards Bay 
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populations/estuaries has been documented (D. Lewis pers. comm. 2015). In Buzzards Bay, 
terrapins can be found in Onset (Wareham), Wareham, Bourne, Bourne (Cape Cod side of 
Buzzards Bay), Poccaset & Cataumet (Cape Cod side of Buzzards Bay), Wareham-Marion Border, 
Marion, Marion-Mattapoisett Border, Mattapoissett, Fairhaven, New Bedford, Dartmouth, 
Dartmouth/Westport Border, and Westport within the following estuaries/sites: Buttermilk 
Bay/Little Buttermilk Bay, Onset Bay, Coves and Broad Marsh, Bourne Cove, Indian Neck, 
Phinneys Harbor & Monument Beach, & Tobys Island, Pocasset Harbor, Red Brook Harbor, 
Megansett Harbor, Wing Island, Wareham River & Tributaries, Marks Cove, Cromeset Neck, 
Weweantic & Sippican Rivers, Sippican Harbor, Coves & Creeks, Aucoot Cove, Mattapoisett 
Harbor & River, Nasketucket Bay & West Island, Acushnet River, New Bedford Harbor, 
Apponagansett Bay, Slocum's River & Tributaries, AllenΩs Pond and Westport River. 
 
Tauton River 
 
The Taunton River, the first Heritage River in MA, starts in Bridgewater before ending at Mount 
Hope Bay, which is part of Narragansett Bay, RI (MA Executive Office of Energy and 
Environmental Affairs 2016c). In Tauton River there has been significantly pressure by human 
development and loss of nesting habitat.  This population is likely very low and may be close to 
extirpation (D. Lewis pers. comm. 2015). Terrapins can be found in Freetown & Berkley and 
Dighton within the estuaries/sites of Assonet Bay & Wescott Island. 
 
Rhode Island 
 
Rhode Island has approximately 8,583 acres of tidal marsh habitat (TNC n.d.). Terrapin 
occurrence has been documented in Bristol, Kent and Washington counties in RI (Figure 3), with 
the largest concentration/population in Nockum Hill/Hundred Acre Cove at the Doug Rayner 
Wildlife Sanctuary in Barrington, RI, which is managed by the Barrington Land Conservation 
Trust (BLCT) (Sornborger 2015). The terrapin population in Barrington is considered the last 
stronghold population for RI (Brennessel 2006). However, with recent documented terrapin 
concentrations found in the Palmer River estuary (Sornborger 2015), which, like Hundred Acre 
Cove, empties into the Barrington River before heading to Narragansett Bay, previously 
unknown terrapin occurrences are being revealed. Additionally, newly identified sites in 
Greenwich Bay (N. Karraker, University of RI [URI], pers. comm. 2014), along with terrapin 
occurrences scattered along the south shore of RI, have been documented by the work of URI 
researchers (Schwartz 2013). Contributors of the data for RI include members of the RI Natural 
IƛǎǘƻǊȅ {ǳǊǾŜȅΩǎ όwLbI{ύ wL 5ƛŀƳƻƴŘōŀŎƪ ¢ŜǊǊŀǇƛƴ tǊƻƧŜŎǘΦ wLbI{ ŀƭǎƻ ǎŜǊǾŜǎ ŀǎ ǘƘŜ ǊŜǇƻǎƛǘƻǊȅ 
for terrapin data in the state.  
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Figure 3. Documented terrapin occurrence in Rhode Island. 

 

Doug Rayner Wildlife Sanctuary at Nockum Hill, Hundred Acre Cove  
 

Doug Rayner Wildlife Sanctuary is a 75-acre 
protected area on a salt marsh/upland peninsula 
extending into the Barrington River and Hundred 
Acre Cove estuary (Sornborger et al. 1994). Terrapins 
have been well studied in this area since at least 
1990 (Bush and Auger 1990; Sornborger et al. 1994, 
Sornborger 2015). Terrapins inhabit Hundred Acre 
Cove and nest at Nockum Hill (McClelland 2008). The 

Figure 4. Doug Rayner Wildlife Sanctuary. 
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majority of nesting at Nockum Hill occurs in several well-known sandy areas and/or areas with 
less than 50% vegetation, including sandpit one, the rear field, the point, and the meadow 
(Goodwin 1994; Williamson 2011). For a list of terrapin studies at Nockum Hill, see here.  
 

RI South Shore 
 
! ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǘŜǊǊŀǇƛƴ ƻŎŎǳǊǊŜƴŎŜǎ ƻƴ wLΩǎ ǎƻǳǘƘ ǎƘƻǊŜ ǿŜǊŜ ŘƻŎǳƳŜƴǘŜŘ ōȅ ŀ ǇǊƻƧŜŎǘ ƭŜŘ 
by URI researchers, including: Winnapaug Pond, Napatree Point, Little Maschaug Pond, 
Succotash Salt Marsh at Pt. Judith Pond, and Pawcatuck River Estuary (Schwartz 2013). 
 
Other Occurrences in RI  
 
In 2015, a second relatively significant nesting site (potentially 25-30 nests per year) was found 
at Rocky Hill School in Greenwich Bay τ an offshoot of Narragansett Bay (N. Karraker pers. 
comm. 2014). Other locations of terrapin sightings throughout RI include Colt State Park 
(Bristol, RI, with the western border of the park open to the Narragansett Bay), Coggeshall Cove 
on the northwest section of Prudence Island in Narragansett Bay, and several confirmed reports 
of hatchling and adult terrapins sighted swimming in Greenwich Bay and Narragansett Bay 
proper (M. Schwartz, URI, pers. comm. 2016). 
 
Connecticut  
 
Connecticut has over 85% of the tidal marshes in the Long Island Sound, approximately 18,000 
acres in CT alone (Holst et al. 2003, TNC n.d.). Terrapin occurrence has been documented in 
Washington, New London, Middlesex, New Haven, and Fairfield Counties in CT (Figure 4). 
Terrapins can be found along much of CT shorelines, but greater numbers of terrapins can be 
found in the salt marsh habitat to the west of the Connecticut River (Connecticut Department 
of Energy and Environmental Protection [CT DEEP 2015]). There are few organizations actively 
managing terrapins in CT. The CT 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴΩǎ (DEEP) 
Wildlife Division monitored the species at several locations in the 1990s and continues to 
coordinate research efforts for terrapins.  SoundWaters, a non-profit educational organization 
for Long Island Sound, focuses on monitoring terrapins, protecting nests, and providing 
outreach and education. The sites they have monitored include Cove Island Park (Stamford, CT), 
Holly Pond (Fairfield County), and in Norwalk, CT near the NRG Energy Plant and Village Creek 
neighborhood (Selditch 2011). Some studies have been conducted by Connecticut Universities 
including:  CT College (New London, CT) and the University of New Haven (West Haven, CT) 
(Whitelaw and Zajac 2002), and Fairfield University (Fairfield, CT) (Gauthier et al. 2000). 
 
 
 
 
 
 
 

http://blct.org/blct/wp-content/uploads/2012/04/TerrapinResearchBibliography2013.pdf
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Figure 4. Documented terrapin occurrence in Connecticut and New York. 

 

New York 
 
New York potentially has 2,181 km of terrapin habitat, more than any other state in the NE, and 
may encompass 36% of total terrapin habitat between Cape Cod (MA) and the Delaware River 
(NJ) (Browne et al. 2015). It is estimated that NY has approximately 49,268 acres of tidal marsh 
habitat (TNC n.d.). Terrapins only occur around Long Island, the lower Hudson River (north to 
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Piermont Marsh), and the Hudson River Bight (Burke 2006, NYSDEC 2014 as cited in Browne et 
al. 2015) (Figure 5). Terrapin occurrence has been documented in Suffolk, Nassau, Queens, 
Kings, Hudson, and Westchester counties (Figure 4). Terrapins are found in small numbers on 
Long Island in North Fork and South Fork, Oyster Bay, Mt. Sinai Harbor, South Oyster Bay near 
Fire Island, Peconic Bay near Riverhead, Shirley, Captree Basin, Huntington and Nesconset 
rivers, Cold Spring Harbor (Brennessel 2006). Terrapins occur at John F. Kennedy International 
Airport (JFK Airport), while very few terrapins have been observed at LaGuardia Airport 
(Flushing Bay, Queens, NY) as well (L. Francoeur, Port Authority of NY & NJ, pers. comm. 2014). 
 

 
Figure 5. Overview of tidal marshlands that provide potential terrapin habitat in New York.  

Used with permission, Browne et al. 2015. Terrapins are known to occur in Jamaica Bay, Oyster Bay, Mount Sinai 
Harbor, Hempstead South Oyster Bay, Peconic Bay, and the Hudson River. There ŀǊŜ ǊŜŎƻǊŘǎ ŦǊƻƳ ǘƘŜ мффлΩǎ ƻŦ 

some incidental sighting on Staten Island and Moriches Bay. 
 

Jamaica Bay/Jamaica Bay Wildlife Refuge 
 
The Jamaica Bay Wildlife Refuge (JBWR) is over 9,000 acres of estuarine wildlife refuge located 
at the southwestern corner of Long Island in the boroughs of Queens and Brooklyn. The JBWR 
consists of one larƎŜ ƛǎƭŀƴŘΣ wǳƭŜǊΩǎ .ŀǊ IŀǎǎƻŎƪ όмΣнур ŀŎǊŜǎ), several smaller islands, and much 
of the coastline of Jamaica Bay (Kanonik and Burke 2011). The JBWR is part of federal Gateway 
National Recreation Area (GNRA), managed by the National Park Service (NPS), which also 
includes the GNRA in NJ (Sandy Hook Unit). Hofstra University (Dr. Russell Burke) and the 
Jamaica Bay Terrapin Research Project have extensively managed ǘŜǊǊŀǇƛƴǎ ƻƴ wǳƭŜǊΩǎ .ŀǊ 
Hassock since 1998 as well as some aspects of the terrapin management at the JFK Airport. The 
wǳƭŜǊΩǎ .ŀǊ population is estimated to be 1,200 nesting females, while the JFK Airport is 
suspected to be larger (R. Burke, Hofstra University, pers. comm. 2015). There has been a 
decline in the number of terrapin nests ŀǘ wǳƭŜǊΩǎ .ŀǊ from a high of 2,040 nests to 1,032 nests 
per year (1999-present) (Burke and Francoeur 2014).  
 

The main threats to the Jamaica Bay populations are salt marsh loss and nest predation (R. 
Burke pers. comm. 2015). Raccoons predate about 92% of terrapin nests on Jamaica Bay 
(Feinberg and Burke 2003). 
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John F. Kennedy International Airport  
 
The JFK Airport is located within Jamaica Bay 
and is built on about 5,000 acres of former 
salt marsh.  The airport runway ends at JoCo 
Marsh, the largest and healthiest salt marsh 
island remaining in Jamaica Bay (Burke and 
Francoeur 2014). Terrapins are managed by 
the Port Authority of NY & NJ (L. Francoeur, 
Port Authority of NY & NJ, pers. comm. 
2014). Nesting data has been collected since 
2009 although there are reports of terrapins 
being killed on the runways since at least the 
year 2000. Biologists monitor nesting activity, 
tag terrapins and install corrugated plastic  

 
tubing to keep terrapins off the runway (Figure 6). They have tagged 2,426 at this site to date 
(Burke and Francoeur 2014). 
 

Oyster Bay/Oyster Bay National Wildlife Refuge 
 
The Oyster Bay NWR, part of the federal Long Island NWR Complex, on the north shore of Long 
Island, is considered to have one of the largest populations of terrapins on Long Island. 
Terrapins are common at Oyster Bay, particularly in the Frost Creek and Mill Neck Creek 
sections (USFWS 2013).  At Long Island University ς C.W. Post, Dr. Matt Draud, formally 
managed terrapins in Oyster Bay (Mill Neck Creek, Centre Island Beach, Gun Club Beach) in 
addition others outside the NWR including West Meadow Beach, Flanders, and Mt. Sinai Harbor 
(Suffolk County).   
 
Predation is an issue in some parts of Oyster Bay. There is a high mortality rate on hatchlings by 
the Norway rat (Draud et al. 2004). 
 
West Meadow Beach/West Meadows Wetlands Reserve 
 
West Meadow Beach/West Meadow Wetlands Reserve is a one-mile stretch of beach with 100 
acres of nearby tidal salt marshes and wetlands, along West Meadow Creek on Smithtown Bay 
in Stonybrook, NY (Suffolk County) (GEI 2013). Friends of Flax Pond manage terrapins in this 
area. In the past, terrapin monitoring was conducted at both West Meadow Beach and Flax 
Pond (north of West Meadow Beach in Brookhaven); however, no terrapins have been 
observed nesting at Flax Pond since 2008 (surveyed 2009-2011 and none were observed, no 
surveys conducted in 2012- 2014) (N. Grant, Friends of Flax Pond, pers. comm. 2015). 
 

Figure 6. Terrapin on a runway at the JFK Airport. 
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Middle Bay/Oceanside Marine Nature Study Area 
 
The Oceanside Marine Nature Study Area consists of a 52-acre salt marsh bordered on the 
south by Middle Bay, on the west by Bedell Creek, on the east by unnamed tidal waters and on 
the north by residential development. The Town of Hempstead, through its Department of 
Conservation and Waterways, developed this Marine Nature Study Area. Terrapins are 
managed by the Town of Hempstead (Conservation Biologist M. Farina). Nest predation by 
raccoons occurs at this site (M. Farina, Town of Hempstead, pers. comm. 2014). 
 
Turtle Rescue Group of the Hamptons 
 

Although the Turtle Rescue Group of the Hamptons (Long Island, NY) does not manage 
terrapins in their natural environment, they are worth noting as they receive many injured 
terrapins each year from a variety of threats including; an unknown mass die off in Peconic Bay, 
(approximately 76 terrapins in 2015), human abduction, human disturbance, dog attacks, road 
strikes, boat strikes, entanglement in fishing line, predator attacks, nest disturbance from dock 
construction (52 hatchlings in 2013 from one dock) and some unknown causes (K. Testa Turtle 
Rescue Group of the Hamptons, pers. comm. 2015). 
 
New Jersey  
 
New Jersey has approximately 228,298 acres of tidal marsh habitat (TNC n.d.). Terrapins occur 
in all coastal counties with estuarine habitat in NJ (Figure 5), from Delaware Bay, the Atlantic 
Coast, the tidal marshes of Raritan Bay, Newark Bay north to the lower Hackensack River, 
Bergen County (Figure 7); however, the degree to which these areas are populated is largely 
unknown, with the exception of some long-term study sites in New Jersey such as in southern 
Cape May County by The Wetlands Institute (TWI) and North Sedge Island in Barnegat Bay by 
The Marine Academy of Technology and Environmental Science (MATES) (Wnek 2014).  
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Figure 7. Documented terrapin occurrence in New Jersey. 

 

Hackensack Meadowlands 
 
The Hackensack Meadowlands are located in northeastern NJ, approximately seven miles west 
of Manhattan, NY, and five miles north of Newark, NJ, in Bergen and Hudson counties (USFWS 
2015a). The Hackensack Meadowlands are in the lower Hackensack River drainage that flows 
into the northern end of Newark Bay. The 8,400-acre wetland area is the largest remaining 
brackish wetland complex in the NY - NJ Harbor Estuary (USFWS 2015a). Terrapins have been 
observed in the Sawmill Creek Wildlife Management Area, Harrier Meadow, Dekate Park, 
Anderson Creek Marsh, Laurel Hill Park, Fish Creek, Mill Creek Marsh, mouth of Mill Creek, and 
Barge Club Marina. Since 2009, the NJ Sports & Exposition Authority (formerly the NJ 



19 
 

Meadowlands Commission) has been working with TWI and Montclair University in order to 
determine population size and other information about terrapin life history in this area. From 
2009-2013, 1,250 terrapins were captured; 1,024 were new captures and 209 were re-captures 
(B. Bragin, NJ Sports & Exposition Authority, pers. comm. 2016).  
 

Sandy Hook Unit - Gateway National Recreation Area 
 
The Sandy Hook Unit (SHU) is the NJ portion the federal GNRA. The SHU is a 1,700 acre 
peninsula extending north into Raritan Bay, Sandy Hook Bay, and Lower NY Bay (Ner and Burke 
2005). Terrapins have been documented nesting on the Raritan Bay side of SHU at the only 
areas that are not rip rapped - Battery Kingman, Battery Mills, the Critical Zone, Holly Forest 
(Spermaceti Cove), Skeleton Hill Island, Plum Island, and two sandy spit areas (Ner and Burke 
2005, J. McArthur-Heuser, NPS SHU, pers. comm. 2016). Through a year-round use closure to 
recreational activities at Spermaceti Cove, as well as for the salt marsh and tidal creeks at 
Horseshoe Cove, terrapins are passively managed as protection occurs for bayside species in 
aŘŘƛǘƛƻƴ ǘƻ ŀƴȅ ǇǊŜŘŀǘƻǊ ƳŀƴŀƎŜƳŜƴǘ ǘƘŀǘ ƻŎŎǳǊǎ ǘƘǊƻǳƎƘ ǘƘŜ {I¦Ωǎ LƴǘŜƎǊŀǘŜŘ tǊŜŘŀǘƻǊ 
Management Plan for beach nesting birds (NPS 2007). Turtle crossing signs are also used 
throughout the SHU (J. McArthur-Heuser pers. comm. 2016).  
 
Barnegat Bay Complex 
 
The Barnegat Bay complex is compromised of open water and tidal wetlands of Little Egg 
Harbor, Manahawkin Bay, and Barnegat Bay in Ocean County, NJ. It lies between the barrier 
islands of Island Beach and Long Beach Island and the mainland from Point Pleasant south to 
Little Egg Harbor (70 miles) (USFWS 2015b). The total terrapin population in Barnegat Bay is not 
known; however, terrapins have been studied along the mainland and barrier island coasts in 
salt marsh habitats from the federal Edwin B. Forsythe NWR (Forsythe NWR), Barnegat Division 
north to Cattus Island Park on the Silver Bay in Toms River. As a result of mark and recapture 
studies conducted by Drexel University (Pennsylvania) and MATES over 5,300 individual 
terrapins have been marked since 2005 (J. Wnek, MATES unpublished data). The population 
along the southern end of Island Beach State Park is estimated at approximately 439 +/- 23 

nesting female terrapins (North Sedge Island) and 1,518 +/ - 200 of all terrapin captured (Spizzle 
Creek) and (Wnek 2014). Extensive management of terrapins occurs in this complex (North 
Sedge Island, Spizzle Creek and other areas) by MATES under Project Terrapin.  A volunteer 
group, Terrapin Nesting Project, also manages nesting terrapins on Long Beach Island and runs 
a hatchery (a place where terrapin eggs from another location are transported in and then 
incubated until they hatch). These areas are usually protected from predators and other 
disturbances.  
 
Mullica River/Great Bay Estuary 

The Mullica River/Great Bay estuary is a large and fairly pristine estuary complex in southern NJ 
in Ocean and Atlantic counties, 87 miles south of New York City and 10 miles north of Atlantic 
City, NJ (USFWS 2015c). There are approximately 22,000 acres of salt marsh in this system. 
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Most of the salt marsh to the east of the Garden State Parkway is within the Forsythe NWR, 
Great Bay Wildlife Management Area (GBWMA) and Great Bay Natural Area (managed by the 
NJ Division of Fish and Wildlife [NJDFW]), or Mystic Island (owned by NJ Natural Lands Trust) 
and others. The lower Mullica River and Great Bay fall within the Jacques Cousteau National 
Estuarine Research Reserve  (JCNERR) (managed by NJDFW and Rutgers University). Terrapins 
are found within both Great Bay and Mullica River (USFWS 2015c). Terrapins are managed by 
CWFNJ in this area, specifically on Great Bay Boulevard, a five-mile salt marsh access road 
through the GBWMA.  CWFNJ monitors nesting activity and road mortality on Great Bay 
Boulevard. CWFNJ also patrol roads when possible on Cedar Run Dock Rd. West Creek Dock Rd., 
Parkertown Dr., and Green St. (between Tuckerton and Stafford Township, Ocean County) 
(CWFNJ 2015). 

Southern New Jersey ς Cape May Peninsula 

The Cape May Peninsula is the southern tip of NJ between the NY Bight and DE Bay within Cape 
May County. It is comprised of marine, estuarine, wetland, and upland habitats; barrier beaches 
and back barrier lagoon systems on the Atlantic side, and beaches and marshes on the 
Delaware Bay shore. In total, the Peninsula has approximately 69,000 acres of salt marsh 
habitat (USFWS 2015d). The Wetlands Institute in Stone Harbor, NJ has been managing 
terrapins in Cape May County for over 25 years inclusive of road patrols, installation of barrier 
fencing to reduce road mortality, head-starting terrapins, an extensive education program, 
retrieval of derelict crab pots, and other efforts. They have documented thousands of terrapins 
killed by vehicles in along a 38-mile transect from Stone Harbor to Strathmere on three 
causeways and roads along two barrier islands (Seven-Mile Island and Sea Isle). The Wetlands 
Institute also works with partners who document road mortality in Wildwood, and manage 
roads (fencing) in Ocean City, NJ. From 2000-2015, 7,992 adult female terrapins were killed, 
averaging about 500 per year. Another organization, The Margate Terrapin Rescue Project, also 
manages terrapins in southern NJ, specifically on Margate Boulevard Causeway (Atlantic 
County).  From 2009-2015, 453 adult females road mortality were documented on the 
boulevard with an average of 76 adult female terrapins killed per season (B. Dougherty, 
Margate Terrapin Rescue Project, pers. comm. 2014 and Lull 2014). 
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Delaware 
 
Delaware has approximately 85,398 acres of tidal marsh habitat (TNC n.d.). There are 
approximately 13,600 acres of tidal salt marsh (mostly fringing [smaller] marshes) in the DE 
Inland Bays (Tiner 2001), with some extensive back-barrier marshes in Rehoboth Bay (Strange 
2008). Terrapins are seen regularly along most of the DE Bayshore and inland bay beaches as 
well as tidal creeks. Terrapin occurrence has been documented in all three counties in DE - New 
Castle, Kent, and Sussex counties (Figure 8). Upper DE beaches that were previously surveyed 
to assess predation and human disturbance on terrapins include Collins Beach in New Castle 
County and Bowers Beach, Kitts Hummock, Port Mahon, Woodland Beach, and Pickering Beach 
in Kent County (Lester and Suss 2014). Other bayfront beaches in New Castle County from 
Smyrna River north to the C & D Canal (including Blackbird Creek, Peach House Ditch, Liston Pt. 
and Cedar Swamp) were previously assessed in 2006 to document terrapins nesting activity (or 
presence/absence) and the extent of Phragmites cover on the beach (R. Meadows, DE 
Department of Natural Resources and Environmental Control [DE DNREC] pers. comm. 2014). 
However, most of the terrapin data for DE has been reported during other projects, road 
crossings, a nesting habitat creation study and other observations.  

 
Figure 8. Documented terrapin occurrence in Delaware. 
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The DE DNREC addressed high mortality on Route 1 Coastal Highway, a 4-lane 55 mph highway 
through DE Seashore State Park, and added snow fencing in high roadkill areas. In an effort to 
provide nesting habitat on the bayside of the road, DE DNREC and the DE Department of 
Transportation  (DelDOT) created two new nesting sites. The Center for the Inland Bays (CIB) ς 
Terrapin Education and Rescue Program (TERP) previously assisted DE DNREC for terrapins 
mainly for monitoring on or around Route 1 Coastal Highway from Dewey Beach to Bethany 
Beach, and other areas in DE.  The DE DNREC also took part in habitat restoration with 
controlled burn of previously sprayed stand of Phragmites to restore and improve terrapin 
habitat in 2007 (R. Meadows pers. comm. 2014). Threats to terrapins in DE include predation 
and human related activities (boating, vehicles, hardened shorelines with riprap) by limiting 
recruitment and causing injury and death (Lester and Suss 2014). The DE DNRC Fisheries staff 
conducted a study that resulted in requiring TEDs for recreational crab pots (Cole and Helser 
2001). The DNREC and DelDOT addressed an issue with large riprap trapping terrapins as they 
tried to return to the DE Bay. Turtle tunnels are being installed in the riprap along with sand 
berms to guide the turtles to the tunnels (H. Niederriter, DE Division of Fish and Wildlife, pers. 
comm. 2016). 
 

Maryland  
 
Maryland has approximately 245,840 acres of tidal marsh habitat (TNC n.d.). In the northern 
ōŀȅǎ ǘƘŜǊŜ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нΣрлл ŀŎǊŜǎ ƻŦ ǎŀƭǘ ƳŀǊǎƘΣ ǿƘƛƭŜ ǘƘŜ a5Ωǎ Ŏƻŀǎǘŀƭ ōŀȅǎ ƘŀǾŜ 
16,000 acres of salt marsh, generally along the mainland shorelines of Sinepuxent, Newport, 
and Chincoteague bays (Bleil et al. 2005). Terrapins are prevalent throughout the Chesapeake 
Bay and the Eastern Shore of MD. Terrapin occurrence has been documented on the western 
shores of MD in Anne Arundel, Prince George's, Calvert, Charles, and St. Mary's Counties. On 
the Eastern Shore, terrapins ƻŎŎǳǊ ƛƴ vǳŜŜƴ !ƴƴŜΩǎΣ ¢ŀƭōƻǘΣ 5ƻǊŎƘŜǎǘŜǊΣ ²ƛŎomico, Somerset, 
and Worcester counties (Figure 9). 
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Figure 9. Documented terrapin occurrence in Maryland. 

 
Patuxent River  
 
The Patuxent River is a major tributary to the Chesapeake Bay. The river originates in Frederick 
County and then flows to the bay through seven other counties: Howard, Montgomery, Prince 
George's, Anne Arundel, Charles, Calvert, and St. Mary's counties (Montgomery County 
Department of Environmental Protection 2016). In 1980, the Patuxent River Watershed Act was 
created to protect the river and establish the Patuxent River Commission (PRC). The PRC is 
responsible for monitoring and implementing the Patuxent River Policy Plan (2015) which 
provides a regulatory framework, but also actions to preserve and restore the river, and 
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outreach to raise awareness of the importance of the river (PRC 2015). Dr. Willem Roosenburg 
has studied terrapins on the Patuxent River since at least 1987 with 33,000 captures of more 
than 10,000 individuals (mostly adult) from 1987-2009 (Roosenburg 2016).  However, predation 
here is high by raccoon and fox. Other threats to this population including past commercial 
harvesting, mortality from fishing gear, and pollution have led to a decrease in recruitment and 
a dramatic decline in the population (Roosenburg 2016).  
 
Poplar Island 
 
Poplar Island, located in mid-Chesapeake Bay in Talbot County, has become a national model of 
environmental restoration in which dredged material was used to restore an island that was on 
the brink of disappearing from the landscape (MD Environmental Service 2016). The island was 
reduced to about 5 acres by 1993, but through ongoing restoration, the island will be restored 
to 1,715 acres around 2016 with uplands and intertidal wetlands. The Poplar Island 
Environmental Restoration Project is lead by the U.S Army Corps of Engineers (USACOE) (MD 
Environmental Science Service 2016). Terrapins began nesting on the restored island by 2001 
(Roosenburg et al. 2014). Dr. Willem Roosenburg has been monitoring terrapins here since at 
least 2002 and has been provided the opportunity to study the άmissing years for 
terrapins.έ  Nest survival and hatching success is high as there is an absence of raccoon and fox 
on the island (Roosenburg 2016). Overall nest survivorship has been found to be greater on 
Poplar Island than the mainland sites due to the absence of these predators (Roosenburg et al. 
2014). Dr. Roosenburg has been able to mark large numbers of hatchlings with the goal of 
generating accurate survival estimates. There is an extensive headstart program with terrapins 
from Popular Island for MD K-12 students to observe and study throughout the year 
(Roosenburg 2016). 
 

Various Locations throughout the Eastern Shore and the Chesapeake Bay ς Maryland 
Department of Natural Resources Head Count Surveys 
 
The Maryland Department of Natural Resources [MD DNR] with partners from the MD DTWG 
(including the MD Coastal Bay Program) has conducted terrapin head count surveys since 2011. 
Data from this survey is inputted into the Maryland Amphibian & Reptile Atlas. Over the last 
four years, MD Coastal Bays Program has assisted in conducting the annual extensive survey 
program (land and boat surveys) for citizen scientists to create a source of terrapin occurrence 
to aide researchers in conservation of this species. Through the headcount survey terrapins 
have been document throughout the Chesapeake Bay - Chester River, Prospect Bay, Eastern 
Bay, Poplar Island and on the Eastern Shore - Assawoman Bay, Montego Bay, St. Martin River, 
Isle of Wight Bay, Sinepuxent Bay, and Chincoteague Bay (Figure 10). 
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Figure 10. MD DNR headcount survey locations (2011-2014). 

Specific sites for the headcount surveys include (in no particular order): Assawoman Bay 116th 
St., Broome's Island-Patuxent, Buzzard's Island ς Patuxent, Chester River - Eastern Neck, Cox 
Creek, Eagle Harbor-Patuxent, Hell Hook Marsh, Herring Creek, Isle of Wight Bay, Jack's Bay ς 
Patuxent, NoName Creek, North Assawoman Bay, Shipping Creek, Snug Harbor, Warehouse 
Creek, Washington Creek, Worlds End Creek, Worlds End Creek-Dads, Worlds End Creek-Uncle 
Bills, Wroten Island-Charles Creek, Wroten Island-North Cove, Wroten Island-North Point, 
Wroten Island-NW Cove, Wroten Island-East Side Channel, Wye East River, Bishopville Prong, 
Charles Creek Mid, Charles Creek North, Grey's Creek, Holiday Inn Bay, Kirwan Creek, Latcham 
Creek, Manklin Creek, Moccasin Point, Muddy Creek, Parks Neck South, Parks Neck/Charles 
Creek, Prospect Bay, Sinepuxent Wetlands, Crab Alley, Fishing Creek/Church Creek, Goodhand 
Creek, Marlin Farms, Marshall's Creek, Marshy Creek, Muddy Creek, Piney Creek Rum Point, 
Harris Creek, Hellen Creek, St. Leonard Creek, Rt. 90 Bridge, Sinepuxent Bay-Snug Harbor South, 
Sinepuxent Bay-Snug Harbor North, Chincoteague Bay, Isle of Wight Bay ς A, Isle of Wight Bay ς 
B, and Thompson Creek. 
 

Summary of the U.S. Geological Survey Research on Terrapin in the Chesapeake Bay, 2002-
2006 
 

In 2002-2006, the U.S. Geological Survey (USGS) Patuxent Wildlife Research Center conducted a 
series of research studies on the terrapin in the MD Chesapeake Bay. To document information 
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on harvesting techniques and population structure of terrapins overwintering as groups within 
hibernacula in the Bay, in 2002-2005, USGS conducted winter sampling at seven sites in the MD 
upper and lower eastern shore and in the western shores: St Jerome Creek, Smith Island, MD 
(north and south), Janes Island, South Marsh Island, Bloodsworth Island, and Nanticoke River 
(Haramis et al. 2011). In June-August 2002, USGS conducted shoreline surveys for the 
presence/absence of terrapin-related activities, primarily focusing on potential nesting habitats.  
A GPS location for any signs of terrapin recent or current activity were recorded at over 1300 
stopovers, geographically ranging from north of the Bay Bridge (Worton Creek) to Cedar Island 
Wildlife Management Area in Tangiers Sound on the eastern shore and from the mouth of the 
Patapsco River (Bodkin Point) to Point Look Out at the mouth of the Potomac River; all the 
marsh islands within the bay and tidal riveǊǎ ŀƴŘ ŎǊŜŜƪǎΦ  9ŀŎƘ άƴŜǎǘƛƴƎέ site was georeferenced 
and data was recorded in terms of shoreline structures (e.g., rip rap), proximity to marsh, 
housing developments, roads, agricultural field forest, etc.), and environmental conditions 
(http://www.pwrc.usgs.gov/terrapin/). In 2003, USGS selected 68 of the sites visited in 2002, to 
obtain an estimate of true presence/absence recorded in 2002 using multiple visits, and assess 
aspect, slope and relative cover for each site.  In 2003-2005, applying trapping and data 
ǎŀƳǇƭƛƴƎ ƳŜǘƘƻŘǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ 5ǊΦ wƻƻǎŜƴōǳǊƎΩǎ ƭƻƴƎ ǘŜǊƳ ǇƻǇǳƭŀǘƛƻƴ ǎǘǳŘȅ Ŏƻƴducted on 
the Patuxent River, USGS set up two additional sites, Eastern Neck National Wildlife Refuge and 
Glenn Martin National Wildlife Refuge to conduct a three-year mark recapture study.  In 
addition to the modified fyke nets previously used we designed a trap that could be placed 
within the shallow waters of the marsh complex (Henry et al. 2016). For all studies, shells and 
tissues were collected and submitted for genetic analyses (Hart et al. 2014, Converse et al. 
2015). Support for the fieldwork was provided as result of special appeal by the State of MD 
and the MD Congressional Delegation (2002) and the USGS (2002-2006).  
 
Other Occurrences in the Chesapeake Bay 
 
In Balls Creek, Harris Creek, and the Choptank River (Neavitte, MD), research has been 
conducted since 2009 by The Terrapin Institute and has since tagged approximately 114 
terrapins, 76 of which have been recaptured in the subsequent seasons. The focus of The 
Terrapin LƴǎǘƛǘǳǘŜΩǎ management includes preserving nesting habitat, documenting habitat use, 
and behavioral observation of adults and hatchlings. 
 
Virginia 
 
Virginia has approximately 204,148 acres of tidal marsh habitat (TNC n.d.). Terrapin occurrence 
has been documented in Accomack and Northampton counties, which together comprise the 
Eastern Shore of VA. More specifically, terrapins have been documented throughout the barrier 
island-seaside lagoon system located along the seaward fringe of the lower Delmarva Peninsula 
as well as in in the lower eastern half of the Chesapeake Bay (Figure 11).  
 
Terrapins have also been observed along the western shores of the Chesapeake Bay and up 
several major river systems that drain into the Bay. Occurrences have been documented in 
Northumberland, Matthews, Gloucester, King William, York, James City, Charles City, Surry and 

http://www.pwrc.usgs.gov/terrapin/
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Isle of Wight counties as well as in the cities of Newport News, Hampton, Poquoson, Suffolk, 
Portsmouth and Virginia Beach (Figure 11).  

Currently there are no known sites in VA that are managed specifically for terrapins. However, 
predator management and area closures implemented for the benefit of beach nesting birds on 
the barrier islands and a few western shore sites provide considerable incidental protection for 
terrapins. Effective July 1, 2016, new license fees for recreational crab pots will be instituted 
that provide a monetary incentive to deploy pots with bycatch reduction devices (BRD). The 
annual license fee to deploy a maximum of 10 recreational pots with BRD will be $36.00 and 
$46.00 without BRD (R. Boettcher, Virginia Department of Game and Inland Fisheries [VDGIF], 
pers. comm. 2016). 
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Figure 11. Documented terrapin occurrence in Virginia. 

 
Eastern Shore 

Terrapins have been documented throughout the salt marshes, creeks and coastal bays 
eastward of the lower Delmarva Peninsula and have been observed nesting on all the barrier 
islands. The majority of the barrier islands and seaside marshes and coastal bays are 
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undeveloped and protected in perpetuity. As such, the level of human disturbance and other 
anthropogenic threats to terrapin foraging and nesting habitat, nesting females, nests and 
hatchlings are far less than in other reƎƛƻƴǎ ƻŦ ǘƘŜ ǘŜǊǊŀǇƛƴΩǎ ǊŀƴƎŜΦ Moreover, there are 
management measures in place for beach-nesting and migratory waterbirds, which also benefit 
terrapins including, predator management, area closures, and other policies that minimize 
human disturbance (refer to the American Oystercatcher Working Group - inventory of 
predator management programs along the Atlantic Coast).   

The Nature Conservancy Virginia Coast Reserve (TNC VCR) owns and manages the majority of 

VAΩǎ ōŀǊǊƛŜǊ ƛǎƭŀƴŘǎΦ aƻǎǘ ŀǊŜ ƻǇŜƴ ǘƻ ǘƘŜ ǇǳōƭƛŎ ŀƴŘ ŀƭƭƻǿ ƭƻǿ-impact, non-commercial 

recreational day use (i.e., Hog, Cobb, Myrtle, Smith, Sandy, Rogue, Godwin and Mink islands, 

and portions of Metompkin and Cedar islands).  Pets, motorized vehicles, camping and 

campfires are prohibited on these islands at all times. The remaining VRC-owned islands (i.e., 

Parramore, Little Cobb, Ship Shoal and Revels Islands) are closed to visitor use year round for 

scientific research and the possible presence of live ordnance. Additional information on VCR 

island use policies can be found at: 

http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/virginia/placeswepro

tect/virginia-coast-reserve.xml.  

The USFWS owns two barrier islands entirely (i.e., Assawoman and Fisherman islands) and 
partially owns Assateague, Metompkin and Cedar islands. Chincoteague NWR manages the 
south half of Assateague Island, all of Assawoman Island, the northernmost mile of Metompkin 
Island and some sections of Cedar Island.  Refuge beach use policies are island-specific and can 
be found at http://www.fws.gov/refuge/Chincoteague/visit/beaches.html. Fisherman Island 
b²wΣ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǎƻǳǘƘ ŜƴŘ ±ƛǊƎƛƴƛŀΩǎ ōŀǊǊƛŜǊ ƛǎƭŀƴŘ ŎƘŀƛƴΣ ƛǎ ŎƭƻǎŜŘ ǘƻ ǘƘŜ ǇǳōƭƛŎ ȅŜŀǊ ǊƻǳƴŘ 
(http://www.fws.gov/refuge/fisherman_island/). 
 
Wallops Island, which adjoins Assawoman Island to the north, is owned and managed by NASA 
and is closed to the public year round. ¢ƘŜ ƛǎƭŀƴŘΩǎ ƻŎŜŀƴŦǊƻƴǘ ǎŜǊǾŜǎ ŀǎ ŀ launching facility for 
rockets, drones, air balloons and other aerial vehicles. Because of the permanent infrastructure 
present on the beach, it is the only barrier island that is partially hardened and undergoes sand 
replenishment on an as-needed basis to ǇǊƻǘŜŎǘ ǘƘŜ ƛǎƭŀƴŘΩǎ ŀǎǎŜǘǎ ŦǊƻƳ ǎŜǾŜǊŜ ǎǘƻǊƳ ŜǾŜƴǘǎ 
and tidal inundation.  
 

Wreck Island Natural Area Preserve is the only barrier island owned by the Commonwealth of 

Virginia and is closed from April 15 ς Aug. 31. Mockhorn Island Wildlife Management Area, 

located on south end of the seaside lagoon system is a large marsh island with some sandy 

shorelines used by nesting terrapins. The island is opened to the public year round and allows 

leashed dogs, overnight camping and campfires. Camping opportunities are confined to a very 

small area on the island, which largely consists of low Spartina marsh; thus, human disturbance 

is minimal. The vast majority of the remaining seaside marshes are publicly owned and 

managed by the Virginia Marine Resources Commission (VMRC). 

http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/virginia/placesweprotect/virginia-coast-reserve.xml
http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/virginia/placesweprotect/virginia-coast-reserve.xml
http://www.fws.gov/refuge/Chincoteague/visit/beaches.html
http://www.fws.gov/refuge/fisherman_island/
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Many of the eastern Chesapeake Bay islands and marshes are privately owned. Clump and Foxx 
Islands are owned and managed by the Chesapeake Bay Foundation. Watts Island is owned and 
managed by Blackwater NWR (R. Boettcher pers. comm. 2016).  

There are several locations on the Eastern Shore where road mortality poses a substantial 
threat to terrapins. One is the Chincoteague Causeway, which bisects Chincoteague Bay 
marshes and waters. Road mortality monitoring was conducted along the causeway 2012 and 
2013 with an average annual mortality of 90.5 terrapins (conservative estimate) on a 9 km 
stretch of highway (Stone et al. 2014). Currently, much of the efforts along the causeway 
include the capture of nesting females, nest predation, and mark-recapture/demographics (M. 
Stone, Kutztown University pers. comm. 2016). Fisherman NWR is another area where high 
road mortality was observed. Refuge staff successfully reduced the threat on Fisherman Island 
by installing roadside barriers made of corrugated piping along a section of highway that bisects 
the island. 
 
The College of William and Mary (under the direction of Dr. Randy Chambers) works on terrapin 
conservation in the York and James River sub-estuaries to Chesapeake Bay and on the eastern 
shore of VA.  Dr. Chambers and his colleagues and students are investigating the utility and 
efficacy of different designs of BRDs. They encourage BRD use on both recreational and 
commercial pots placed in marsh, seagrass and other shallow-water environments where 
terrapins overlap with blue crabs (Callinectes sapidus). They also consider the interactions 
among nesting female terrapins, nest predators, and the invasive grass Phragmites 
australis (common reed) that increasingly occupies terrapin nesting habitat in VA. 
 
Western Shore of Chesapeake Bay 

Most of the western shore of the Bay is privately owned, but there are sections owned by The 
Nature Conservancy and DCR (R. Boettcher pers. comm. 2016). 

Terrapin research also occurs on the western shores of the Chesapeake Bay by the Virginia 
Institute of Marine Science (VIMS) and the College of William and Mary. In 2011, Dr. Diane 
Tulipani, a former researcher at VIMS, organized and conducted the first statewide, volunteer 
based survey for terrapin in VA, called VA TerpSearch. The goal of the survey was to record 
whether or not terrapins occurred ƛƴ ǎŜƭŜŎǘŜŘ ŀǊŜŀǎ ƻŦ ±!Ωs portion of Chesapeake Bay in order 
to be able to provide effective management of threats that contribute to terrapin mortality in 
VA. The survey was conducted on ±!Ωǎ /ƘŜǎŀǇŜŀƪŜ .ŀȅ ǎƘƻǊŜƭƛƴŜΣ ŦǊƻƳ IŀƳǇǘƻƴ wƻŀŘǎ ŀƴŘ ǘƘŜ 
Northern Neck, but then also on the Eastern Shore along Accomack and Northampton counties.  
5ǊΦ ¢ǳƭƛǇŀƴƛΩǎ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ŀǘ ±La{ ŦƻŎǳǎŜŘ ƻƴ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŦƻǊŀƎƛƴƎ ŀƴŘ ŎƻƳƳǳƴƛǘȅ 
ecology of terrapins, looking at Eelgrass (Zostera marina) seed dispersal (Tulipani and Lipcius 
2014) and addressing conservation issues facing terrapins to improve protection in VA. Her 
study sites within the southern Chesapeake Bay, specifically the lower York River, included 
Catlett Islands (upriver), Goodwin Islands of the Chesapeake Bay National Estuarine Research 
Reserve and Green Point, Perrin Creek, Allens Island, Browns Bay in southeastern Mobjack Bay, 
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and Felgates Creek and Poquoson in southwestern Chesapeake Bay. Dr. Tulipani is still currently 
working on terrapins in the York River with Rappahannock Community College.  
 

Additional research is conducted by VIMS by several researchers on terrapins directly or threats 
that impact their survival such by bycatch mortality in crab pots throughout the Chesapeake 
Bay on the VA and MD, including Dr. Donna Bilkovic, Kory Angstadt, and Robert Isdell, all of 
whom have contributed to the development of this Conservation Strategy. Their work is 
discussed and referenced throughout this document. Tim Russell, a research scientist at the 
College of William and Mary also conducts terrapin and GIS studies along the Western 
Chesapeake Bay, in Gloucester, Mathews, and York counties.   



32 
 

THREATS SUMMARY  
 

Terrapins face a suite of anthropogenic threats across the Northeast including but not limited 
to habitat loss, predation, fisheries issues (i.e. overharvest, mortality in abandoned crab pots 
and other fishing gear), road mortality, recreational boating, and sea-level rise. The available 
habitat for terrapins has been severely impacted by the rapid urbanization of estuaries, which 
has reduced marsh habitat availability and quality (Ner and Burke 2008).  
 

Residential and Commercial Development (Habitat Loss) 
 
Development along shorelines, coasts, and marshes from residential and commercial expansion 
has caused loss of habitat and is the number one threat to terrapin populations. Salt marsh 
habitat has been impacted by the filling, diking, ditching to create uplands and farmlands and in 
an effort control mosquitoes (Taylor 2008). The construction of roads (and other transportation 
related means) that block tidal flow and shoreline hardening with seawalls, riprap, and other 
structures have blocked inland migration of marsh habitat (Taylor 2008). There has been 
increased input of water and pollutants from land into the marsh and increases of invasive 
species such common reed (Phragmites australis), diminishing the suitability of the habitat 
(Taylor 2008). Terrapins have lost areas for breeding, feeding, resting and hibernation with the 
disappearance of salt marshes (Brennessel 2006). Nesting habitat can be lost or altered from 
shoreline armoring such bulkheading, revetment, riprap, groins and jetties in order to protect 
waterfront property. Nesting beaches can become eroded from hardened structures on an 
adjacent beach, as sediments get trapped on the up-current of those structures, erosion will 
increase on the down-current side (Brennessel 2006). Agriculture land use and armored 
shorelines can have a negative association and reduce terrapin occurrence (Isdell et al. 2015). 
Ultimately, a reduction in habitat availability could translate to smaller populations and isolated 
resources make it increasingly difficult for terrapins to find suitable nesting habitat, which can 
put females at a greater risk of mortality (from roads), and increases subsidized predators in the 
environment (Pfau and Roosenburg 2010).  
 
Since the early 1800s approximately 39% of salt marshes have been lost throughout New 
England (Bromberg & Bertness 2005). Massachusetts has experienced a 41% loss in salt marsh 
since 1777, while RI has lost approximately 53%, or 4,000 acres, since 1832, linked to urban 
growth (Bromberg and Bertnes 2005). There have been a number of changes across the salt 
marsh landscape in Cape Cod, MA in just over 60 years including, but not limited to, reductions 
of high-marsh followed by the formation of mudflats and reductions of high-marsh combined 
with encroachment of the low-marsh. However, it should be noted that these changes are not 
necessarily easily explained by natural or non-natural (human-related) causes (Smith 2009). In 
the Narragansett Bay in RI, in a forty-year period at the end of the 20th century, 548 acres of 
tidal habitat were lost inclusive of 306 acres of estuarine marsh and 205 acres of non-vegetated 
estuarine shoreline (Tiner et al. 2004). From the 1950s to the 1990s, the Narragansett Bay 
Estuary experienced a net loss of 548 acres of tidal habitat. Fifty percent of the estuarine marsh 
was lost due to filling for upland development. In the Long Island Sound, approximately 25-35% 
of the tidal wetlands were eliminated by development, wetland filling and dredging. Most of 



33 
 

these tidal wetlands are in CT and were lost because of previous insufficient tidal wetland 
regulation (Long Island Sound Study 1994 as cited in Holst et al. 2003). The Hackensack 
Meadowlands, which extends into NY and NJ, 72% was converted to transportation and 
communication facilities, a sports complex, land fill, industrial lands and open water (Tiner et al. 
2002). Jamaica Bay (NY), although rapidly diminishing, is one of the most productive and largest 
ecosystems in the NE  (Kirchhoff et al. 2009). Almost 65% of all the marshlands in NY have been 
lost since 1951, from 2,347 acres to 876 in 2003 (Kirchhoff et. al 2009). Although climate 
change has likely placed a role within recent years, human activities (i.e. urbanization) likely 
ƛƴŦƭǳŜƴŎŜŘ b¸Ωǎ ǊŀǇƛŘ ƳŀǊǎƘ ƭƻǎǎ ŀƴŘ ŎƻƴǘƛƴǳŜ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘƛǎ ƭƻǎǎ (Kirchhoff et al. 2009).  
Lƴ bWΣ ƻǾŜǊ тм҈ όмлΣтнф ŀŎǊŜǎύ ƻŦ .ŀǊƴŜƎŀǘ .ŀȅΩǎ ǎƘƻǊŜƭƛƴŜ Ƙŀǎ ƳƻŘƛŦƛŜŘ ŘǳŜ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ 
shoreline protection efforts. Twenty-eight percenǘ ƻŦ .ŀǊƴŜƎŀǘ .ŀȅΩǎ ǎŀƭǘ marshes has been lost 
due to development (dredging and filling) and mosquito ditching and 45% has been 
bulkheaded. Development in the Barnegat Bay watershed increased from 18-28% from 1972-
1995 (CRSSA 2016). The most recent study indicates that DE lost almost 50% more wetland 
acreage from 1992-2007 compared to 1982 -1992 with the primary causes of loss being 
residential development and conversion to agricultural lands. In total, DE has lost 54% of its 
wetlands since the late 1700s (DE Wetlands Status and Trends 2016). For development and 
agricultural purposes, 2.8 million acres of wetlands (25% of the original acreage) have been 
converted or drained in Maryland (MD DNR 2016). Since 1990, the Chesapeake Bay watershed 
has lost nearly 15,000 acres of wetland to residential and commercial development (Healy and 
Hsieh 2014). Forty-two acres of tidal wetlands have been lost due to permitted development 
between 1993 and 2003 (Duhring 2004 as cited in VIMS 2010). 
 
Transportation (Roads and Boats)  
 
Roads 
 
One major contributing factor of habitat loss is development (inclusive of roadways), which 
increases the risk of terrapin road mortality. Road mortality is female biased and targets adult 
females who are nesting. The shoulders of heavily trafficked roads either intersects or are 
adjacent to salt marshes can often provide suitable nesting substrate, and encourage nesting if 
no other areas are available (Szerlag and McRobert 2006). Additionally, shoreline bulkheading 
may also contribute to the use of marginal habitats like roads, as terrapins are forced to find 
new nesting sites when bulkheads block their access to former nesting sites (Roosenburg 1994).  
Road mortality may even cause changes in local terrapin populations as Avissar (2006) found 
significantly lower average carapace size and lower frequency of adult females when comparing 
current data to 12 years prior in NJ. Depending on how they utilize the roads, terrapins could be 
more vulnerable to traffic during certain times of the day and in certain areas with higher traffic 
volumes. Studies have demonstrated there are greater road mortalities of reptiles and 
amphibians where there is a larger volume of traffic (Szerlag and McRobert 2006). Although 
outside of the NE, according to a study by Crawford et al. (2014), there was a 70-80% chance of 
a terrapin occurring on the road within a 3-hour period around the diurnal high tide and within 
the first 30 days of the 75-day nesting season. Over two nesting seasons, 52% of terrapins 
occurred on roads within the 3 hour period around high tide and 30% of terrapins were 
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observed crossing in three hot spots that composed less than 10% of the length of the entire 
causeway (Crawford et al. 2014). !ǎ άƘƻǘ ǎǇƻǘǎέ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ŘƻŎǳƳŜƴǘŜŘΣ ǎǇŜŎƛŦƛŎ ŀŎǘƛƻƴ 
plans can subsequently be developed to focus higher efforts on those certain portions of 
wetlands needing more protection than others (Szerlag-Egger and McRobert, 2007). 
 
Terrapin road mortality likely occurs on many coastal barrier island causeways or roads that 
border salt marshes throughout the NE, but goes undocumented. There are relatively few 
studies that evaluated the local or regional impacts of roads on terrapins. New Jersey is one of 
the few states in the Northeast with several organizations conducting monitoring and 
management of terrapin road mortality. Route 1, a four-lane highway in DE between Rehoboth 
and Bethany Beaches has been documented to have high terrapin mortality (Thompson 2005). 
Despite management from road patrols, barrier tubing/fencing, and education by conservation 
groups and volunteers, relatively high numbers of road mortality continue to occur.  
 
For the last 10 years in northern NJ, the Hackensack Riverkeeper has been working with the NJ 
Turnpike Authority to reduce mortality on its roadways through the installation & maintenance 
of snow fencing along specific areas where terrapins are known to leave the water for nesting 
grounds. Over the last five years in Atlantic and Ocean Counties (NJ), CWFNJ and the Margate 
Terrapin Rescue Project have managed terrapins along some roadways. The average number 
killed over the last five years (2011-2015) on Great Bay Boulevard a 5-mile salt-marsh access 
road in Ocean County, Tuckerton, NJ has been 32.4 turtles/year (B. Wurst pers. comm. 2015). 
Previous studies on Great Bay Blvd found nearly 10% adult female terrapin road mortality (N = 
53, and 51 terrapins, respectively) of the total terrapin occurrence that was documented 
(Szerlag 2006). A minimum of 400 terrapins have been killed on this stretch of road since 1999; 
however, it should be noted that varying degrees of monitoring have occurred on this road (and 
none at all in some years) so the mortality on this road is likely much higher (Hoden and Able 
2003, Szerlag 2006, Szerlag and McRobert 2006, CWFNJ 2015). Other roads in Ocean County, NJ 
(Cedar Run, West Creek, Parkertown, Green St.) and Atlantic County (Route 30) are known 
roads where mortality occurs with a high of 43 females killed on Route 30 in 2014.  Most of this 
mortality data is collected incidentally by CWFNJ and volunteers, so mortality is likely greater 
on these roads (B. Wurst pers. comm. 2015).  
 
In southern NJ (Cape May County), TWI has conducted an extensive management program on 
terrapin road mortality for over 25 years. The Wetlands Institute has documented thousands of 
terrapins killed by vehicles in along a 38-mile transect from Stone Harbor to Strathmere on 
barrier island access causeways and roadways closest to the marsh on the barrier islands. From 
2000-2015, 7,992 adult female terrapins were killed, averaging about 500 per year (TWI pers. 
comm. 2015). In Atlantic County, from 2009-2015, the Margate Terrapin Rescue Project has 
documented 453 adult female killed on Margate Boulevard Causeway with an average of 76 
adult female terrapins killed per season (B. Dougherty pers. comm. 2014 and Lull 2014).  
 
There are several locations on the Eastern Shore, VA where road mortality poses a substantial 
threat to terrapins. Road mortality monitoring was conducted along Chincoteague Causeway 
(Chincoteague Bay, VA) in 2012 and 2013 with an average annual mortality of 90.5 terrapins 
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(conservative estimate) on a 9 km stretch of highway (Stone et al. 2014). Currently, much of the 
efforts along the causeway include the capture of nesting females, nest predation, and mark-
recapture/demographics (M. Stone pers. comm. 2016). 
 
Existing roads can be adapted to pose fewer threats to wildlife. Fences (or corrugated tubing) 
can be installed to prevent terrapins from entering the roadway. Signs can be added to alert 
drivers, or speed limits can be lowered. Modifying existing culverts to allow safe passageways 
below the roadway may be an option on some roads.  Nesting habitat can be created to 
prevent terrapins from crossing major roadways (e.g. Old Inlet Terrapin Enhancement Project in 
DE). While strategies may differ by area, the main obstacle is that such actions are often costly 
to implement. Regular inspection and maintenance are needed for fencing (Ives-Dewey and 
Lewandowski 2012). However, by applying standards and protocols for new roadways, allowing 
for them to be designed with such aids as they are being created, it would help to alleviate the 
more costly option of modification after roadway completion. An example of managing for 
terrapins before roadways are built in the Northeast Region is a project on Sea Isle Boulevard, 
Sea Isle City (NJ). The barrier island causeway is being elevated to cope with sea level rise. As a 
result of data collected by TWI regarding terrapin nesting activity and road mortality along the 
causeway, permanent terrapin fencing has been incorporated into the construction plans for 
the roadway. The fencing will be made of metal mesh integrated into the guardrail that 
stretches the length of the roadway to reduce road crossings if not completely eliminate them. 
This is one example of terrapin occurrence/habitat use data contributing to mitigation of 
roadway hazards, and the incorporation of mitigation strategies into road construction projects 
(TWI pers. comm. 2015).  
 
Boats 
 
Mortality and injuries to terrapins from recreational boaters may have a detrimental effect on 
their population (Lester et al. 2013). In previous studies, 19.7% of female terrapins (227 of 1148 
turtles) and 2.2% of male terrapins (16 of 669 turtles) had scars from boat propellers in the 
Chesapeake Bay, MD (Roosenburg 1991) and 10% of terrapins In Nockum Hill/Hundred Acre 
Cove, Barrington, RI (Sornborger and Rayner 1994). In more recent studies, 21% of terrapin 
have scars indicating boat injuries in Barnegat Bay, NJ (J. Wnek, MATES, pers. comm. 2015). This 
figure is similar to the injury rate for specific locations in Barnegat Bay - North Sedge Island 
(15%), Spizzle Creek (13%) and Edwin B. Forsythe NWR - Barnegat Division (11% N=291/2,644 
turtles) that had documented injuries attributed to boats (Lester, 2012, Lester et. al. 2013). 
Injuries in adult females showed a significant increase over the years (2006-2011) and larger 
terrapins were prone to more injuries versus smaller terrapins (Lester 2012, Lester et al. 2013). 
Terrapins tend to stay near the surface of the water during the breeding season where the 
water is warmer, thus making them vulnerable to boat strikes (Roosenburg 1991, Sornborger 
and Rayner 1994). Additionally, terrapins do not react (i.e. change in swimming speed, depth, 
orientation) to boat sounds (in situ), which may explain elevated mortality and injury rates from 
boats (Avery and Wnek 2011, Lester et al. 2013). 
 

http://www.cooperativeconservationamerica.org/viewproject.asp?pid=385
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Speed limits for recreational boaters (see Figure 12), partial or complete closures for terrapin 
and other wildlife areas to boats, and boater education are conservation actions that should be 
explored and implemented to reduce terrapin injury and mortality (Lester 2012). 
 

 
Figure 12. Boat signs for reduced speed limit in sensitive in Barrington, Rhode Island. 

 

Biological Resource Use (Fisheries Interactions) 
 
One of the leading threats to the terrapin is through fisheries interactions, specifically as 
bycatch in commercial style crab pots, fyke nets, cloth funnel eel pots, and other fishing gear. 
¢ŜǊǊŀǇƛƴ ƳƻǊǘŀƭƛǘȅ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ǎǘȅƭŜ ŎǊŀō Ǉƻǘǎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎΩ ŎƘƛŜŦ ŎƻƴǎŜǊǾŀǘƛƻƴ 
concerns (Grosse et al. 2011). Commercial style crab pots are set for the blue crab fishery and 
for recreational purposes in many areas also inhabited by the terrapin. A recent study 
conducted in VA estimated that of the suitable terrapin habitat surveyed, 21% was considered 
vulnerable to crabbing pressures (Bilkovic et al. 2014). Terrapins are attracted to fishing bait 
and can become trapped in fishing gear and easily drown. Terrapins can endure periods of 
submergence underwater, but despite this ability, drowning occurs as survival can be 
dependent on water temperature, activity level and terrapin size (Baker et al. 2013). Terrapins 
may make quicker dives when the temperature is higher (Baker et al. 2013). In a lab controlled 
study, the mean voluntary dive time for males and juvenile females was 8.4 min and the 
maximum voluntary dive time for an adult female was 50 min (Baker et al. 2013). Terrapins may 
drown in 2 - 4 hours at 20° C or greater (Mann 1995; Roosenburg 2004 as cited in Baker et al. 
2013). This knowledge on submergence should be considered when regulations are determined 
for soak time (check time) for crab pots.  
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Bycatch mortality estimates can vary greatly by state and on a local level (Chambers and Maerz 
in press). Wood (1997) reported a 20% mortality rate for terrapins captured in unmodified 
commercial style crab pots checked twice daily. Higher mortality rates (up to 75%) were 
observed when pots were checked once a day (Wood 1997). Similarly, Hart and Crowder (2011) 
found mortality rates increased from 15% to 50% if soak times were increased from 1 to 5 days. 
Wood (1997) estimated that derelict terrapin crab pot mortality could range from 0.071 
terrapins captured per day (t/cp/d) to 0.49 t/cp/d while Roosenburg et al. (1997) estimated 
0.17 terrapins/pot/day. For the terrapin population in Patuxent River, MD, a 25% mortality rate 
may account for 15% of the terrapin population each year. In warmer temperatures 78% of the 
population may die annually if the mortality rate is 100% (Roosenburg et al. 1997). In a tidal 
creek in southeastern VA, 42% of terrapins were captured in just 24 days in a study 
demonstrating the potential impact of crab pots without BRDs (Upperman et al. 2014).  
 
Terrapin population declines, growth, and changes in sex ratios have been directly attributed to 
bycatch mortality in commercial crab pots (Roosenburg et al. 1997; Wood 1997; Dorcas et al. 
2007; Wolak et al. 2010; Hoyle and Gibbons 2000; Grosse et al. 2011). Modeling has shown that 
if 12% of adults and juvenile are removed yearly it can lead to local population declines (Hart 
1999 and Ayers 2010). Commercial crab pots also disproportionately kill small terrapins, 
particularly males that do not outgrow the opening size limits of commercial crab pots and 
young females. Populations affected by crabbing may become increasingly female, as well as 
increasingly older with fewer young individuals surviving, due to selection pressures on smaller 
turtles (Dorcas et al. 2007, Grosse et al. 2011).  
 
Derelict Crab Pots 
 
5ŜǊŜƭƛŎǘ ŎǊŀō Ǉƻǘǎ όŀƭǎƻ ƪƴƻǿƴ ŀǎ άƎƘƻǎǘέ crab pots) are lost or abandoned crab pots in estuary 
systems that can damage sensitive areas (e.g. submerged aquatic vegetation, oyster beds) and 
can capture terrapins, crabs and other species as bycatch until the trap is retrieved (VIMS 
2009). Organisms trapped in derelict crab pots can be affected by poor water quality, succumb 
to infections or disease or exposure, or die from starvation and predation (VIMS 2008). Derelict 
crab pots can capture and drown terrapins. It is estimated that derelict crab pots can continue 
fishing for an average of 1-2 years, but possibly longer as they do no degrade quickly (Arthur et 
al. 2014).  
 
In the NE, the number of derelict crab pots is largely unknown. In the Chesapeake Bay (VA), 
estimates are as high as 30% from 368,900 crab pots set annually (Havens et al. 2008, VIMS 
2008) adding another 100,000 lost pots to the bay annually (Havens et. al 2008). The NJDFW 
does not have a sound estimate on the number of crab pots used and/or information on 
derelict pots for NJ (B. Muffley, NJDFW, pers. comm. 2013). However, anecdotal evidence from 
local fishermen estimates that 10% of pots are lost annually in NJ (J. Rizzo, independent 
commercial crabber and on the New Jersey Marine Fisheries Council, pers. comm., 2013). In the 
Forked River (NJ), one crabber lost approximately 400 crab pots in Barnegat Bay during 
Superstorm Sandy in 2012 valued at $18,000, but has only recovered half of them (Sullivan et 
al. 2014). In 2013, over 1,500 derelict crab pots were located and 491 were recovered in a five 
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square mile radius in a project led by Stockton University, in the Mullica River-Great Bay Estuary 
όbWύ όbh!! нлмо ŀƴŘ {ǘŜǾŜ 9ǾŜǊǘΣ {ǘƻŎƪǘƻƴΣ ǇŜǊǎΦ ŎƻƳƳΦ нлмпύΦ ¢ƘŜȅ ǎǳǊǾŜȅŜŘ {ǘƻǳǘΩǎ /ǊŜŜƪ 
south to Cedar Run (approximately 23.3 km2 area) and found 344 pots with a density of 
approximately 40 pots/km2 (Mill Creek to Cedar Run). However, the number of derelict pots 
may be significantly greater from Toms River to Mantoloking (Sullivan et al. 2014). Based on the 
survey work conducted and density of waterfront homes and marinas in the Toms River, with a 
ŎƻƴǎŜǊǾŀǘƛǾŜ ŜǎǘƛƳŀǘŜ ƻŦ нл ǇƻǘǎκƪƳнΣ ƛǘΩǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рлл ŘŜǊŜƭƛŎǘ 
crab pots in that system alone. In Barnegat Bay (NJ), CWFNJ, MATES, Monmouth and Stockton 
Universities are recovering derelict crab pots during the winters of 2015/2016 and 2016/2017 
from Brick to Stafford Township. Approximately 388 pots have been retrieved thus far with at 
least another 315 pots assessed. Scientists under this project estimate that 1,000+ derelict crab 
pots will be recovered under this two-year program in Barnegat Bay (S. Egger, CWFNJ, pers. 
comm. 2016). Stockton University will also build on previous work and will identify and remove 
over 1,000 derelict crab pots from ten coastal bays located from Tuckerton to Ocean City, NJ. 
Despite the growing problem of derelict crab pots, oftentimes, there are legal barriers 
preventing the removal of abandoned or derelict traps by private citizens and/or local 
community associations (Center for Coastal Resources Management 2008). Scientific permits 
and/or special permission are likely required in most cases to conduct removal programs as 
pots can be considered private property even after they are lost or abandoned. 
 
Maryland has started to make strides documenting the number of waterfront property 
recreational crab pots that are registered for the Chesapeake Bay in order to gain a better 
understanding on how many pots are being fished and how many could potentially become 
derelict. This is done through licensing and regulation changes that came out in 2014. In 2014, 
there were 2,548 registrations that were completed with the greatest numbers coming from 
!ƴƴŜ !ǊǳƴŘŜƭ όпнуύΣ {ŀƛƴǘ aŀǊȅΩǎ όплпύΣ vǳŜŜƴΩǎ !ƴƴŜ όнопύΣ /ŀƭǾŜǊǘȅ όнлсύΣ .ŀƭǘƛƳƻǊe City 
(182), and Talbot (126) counties.  An additional 286 registrations came from Out-of-State and 
less than 100 registrations from other counties for the Chesapeake Bay. The MD DNR 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƴǳƳōŜǊ ƛǎ ƻƴ ǘƘŜ Ǉƻǘ όƴƻǘ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊǎƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴύ ŀƴŘ ƴƻǘ ƻƴ ǘƘŜ ōǳƻȅΦ 
This is beneficial as buoys can become severed from pots and if these pots are retrieved 
through a program cannot be returned to the particular individual if they are in fact still intact.  
A high percentage of these registrations were completed on-line. The permits are issued to the 
address of where the individuals reside so it is possible that a percentage are crabbing outside 
of their county. It has been suggested through the MD DTWG 2014 meeting that this online 
ǇǊƻŎŜǎǎ ǎƘƻǳƭŘ ƛƴŎƭǳŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ .w5Ωǎ ŀǎ ŎƻƳǇƭƛŀƴŎŜ ƛǎ ƭƻǿ ŀǎ ол҈ ŜǾŜƴ ǘƘƻǳƎƘ .w5Ωǎ 
are required on recreational pots. This may also be a method to request information on 
enforcement so the effectiveness of the regulation can be measured.  
 
Table 2. provides some estimates of the number of pots that have been identified and retrieved 
and some documentation of terrapins alive or dead within the pots in the NE. However, this 
only provides a snapshot of the number of crab pots that are actually lost within certain estuary 
systems, specifically the Chesapeake Bay (VA), and Great Bay and Barnegat Bays (NJ). 
Furthermore, the number of terrapins caught alive or dead is not a reliable indicator of the 
overall threat lost gear has to local terrapin populations. Terrapin shell fragments that are 
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broken down may be lost before a pot is retrieved (B. Atkinson pers. comm. 2015). Pots that 
have been pulled in these systems may not have been lost in terrapin habitat, but deeper 
waters where terrapins and crab pot interactions are less likely.



40 
 

Table 2.  Derelict crab pot retrieval and terrapin mortality.  

STATE/ESTUARY SIZE OF 
AREA 

SURVEYED 

NUMBER OF ABANDONED 
BLUE CRAB POTS IDENTIFIED 

(I) AND RETRIEVED (R) 

NUMBER OF TERRAPIN 
ALIVE (L) AND DEAD (D) 

AS DOCUMENTED 

SOURCE 

New Jersey / Barnegat Bay 
 

Stouts Creek (north) to Cedar run (south) 
23.2 km2 

344 pots  (I) 
 

50 pots (R) 
None 

Sullivan et al. 2014. Derelict crab trap identification and removal 
in Barnegat Bay, NJ (S1002/CE98212310). Barnegat Bay 
Partnership Final Report. 29 pp. 
*Data collected in 2013 

New Jersey /  Barnegat Bay  
 

Brick to Stafford Township 

Unavailable 
at current 
the time 

315 (I) 
 

388 (R) 
4 (D) 

S. Egger pers. comm. 2016 (CWFNJ, MATES, Monmouth and 
Stockton Universities) 
*Data collected Dec 2015 ς April 2016. Most pots to date were 
retrieved in deeper waters or directly on the marsh. 

New Jersey  
 

Great Sound, Scotch Bonnet Creek, Jenkins Sound, Mouth of 
Dung Thorofare, Richardson Sound, Grassy Sound, Mulford 

Creek 

- 54 (R) 
1 (L) 

 
53 (D) 

Atkinson, B and Tedesco, L. 2014. Ghost trap recovery locations 
and contents, 2012-2013.The Wetlands Institute, Stone Harbor, 
New Jersey. 
*Data collected in 2012 and 2013 
TWI 2014, 2015, 2016 

Delaware 
 

Inland Bays Estuary 
 

Indian River, Rehoboth and Little Assawoman Bays 

60 km2 @100 (R) 
Accurate estimate not 
available, but some live 
and dead were observed 

E. Chalabala pers. comm. 2014 
*Data collected in 2004, 2006, 2008 and 2011 

Maryland /  Chesapeake Bay - @5,700 (R) - Newsletter, Center for Coastal Research Management 2010 

Virginia / Chesapeake Bay 
 

(2013) Chincoteague Bay (the Virginia portion), around Tangier 
Island, the lower York River and the lower James River 

 
(2014) Same areas as 2013 and seaside Eastern Shore and the 

lower Eastern Shore (Cape Charles/Oyster) areas 

- 1,477 pots (R) 15 (D) 
K. Angstadt pers. comm. 2014 
ϝ5ŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ нлмо ŀƴŘ нлмп όǇǊŜǾƛƻǳǎ ƛŘŜƴǘƛŦƛŜŘ άƘƻǘ 
ǎǇƻǘǎέ or abandoned crab pots) 

Virginia / Chesapeake Bay 
 

Tangier Island, Seaside, Eastern Shore, York River, Upper Bay, 
Potomac 

and James River 
 

1,664 km2 31,952 pots (R) 

1 (A) 
47 (D) 

 
 

Bilkovic et al. 2014. Derelict fishing gear in Chesapeake Bay, 
Virginia: Spatial patterns and implications for marine fauna. 
Marine Pollution Bulletin. 10 pp. 
*Data collected from 2008-2012. Individual derelict pots 
contained between 0 and 7 terrapin. (83%, n = 39) were from 
pots in shallow waters (>2 m depth) 

Virginia / Chesapeake Bay 
 

Area of Lower York River 
33.5 km2 635 ς 676 pots (I) 1 (D) 

Havens et al. 2008. The Effects of Derelict Blue Crab Traps on 
Marine Organisms in the Lower York River, Virginia. North 
American Journal of Fisheries Management 28: 1194ς1200. 
*Data collected in 2006. Pots retrieved during the 2008-2012 
Bilkovic et al. 2014 study 
K. Angstadt pers. comm. 2014 

Virginia / Chesapeake Bay 
 

{ŀǊŀƘΩǎ /ǊŜŜƪ 
0.25 km2 

252 pots (I) 
 

75 pots (R) 
None 

K.Angstadt pers. comm. 2014 
*Data collected from 2005-2009 
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Monetary loss from pots has been limited to the few available estimates of economic impact of 
derelict crab pots in the Northeast. Estimates of $304,000 (1% of the annual commercial blue 
crab landing in VA) could be lost. This is based on the calculated average annual commercial 
blue crab harvest of $28,600,568 from 2008 to 2012 (Virginia Marine Resources Commission 
2014) and that derelict crab pots are catching 913,000 blue crabs annually in the Chesapeake 
Bay (VA portion) (Havens et al. 2011). There is also a direct loss in the pots themselves as they 
average $50 per pot. The economic loss for one fisherman in NJ could account for a loss of 
$1,000 - $2,000 for pots per season ($50 per pot/ 10% lost of 200-400 total pots set). Lost profit 
from the crabbing industry could be up to a bushel full of crab (market-sized) from a derelict 
crab pot per season (Havens et al. 2008).   
 
Crab Pot Regulations 
 
Regulations on crab pots from checking pots (soak time), .w5 ǎƛȊŜ ŀƴŘ ƛŦ ŀƴŘ ǿƘŜƴ .w5Ωǎ ŀǊŜ 
required, vary across the states in the NE ό¢ŀōƭŜ оύΦ 5ŜǎǇƛǘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻƴ .w5Ωǎ ŦƻǊ ŎǊŀō 
pots, compliance can be low due in part to a lack of knowledge and enforcement. In MD, BRD 
compliance is less than 35% on recreational crab pots despite the fact that BRDs are required 
(Radzio et al. 2013). Only some states require a specific soak time ς DE and NJ require a time 
frame within 72 hours for checking pots (Table 3). However, terrapins generally do not survive 
past 1-2 days in submerged crab pots. Mortality may be reduced up to 90% with a specified and 
implemented shorter soak (Grosse et al. 2011).
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Table 3. Current regulations for the blue crab fishery in the Northeast. 

STATE 
REQUIREMENT FOR CHECKING 

POTS/ SOAK TIME 
BRD REQUIREMENTS REGULATION/CODE INFORMATION 

New York 
 

Unknown 

Required on Commercial and 
Recreational Pots 

 
6 in. (w) x 2 in. (h) 

*NYSDEC is proposing to require the use of terrapin excluder devices on crab traps set in 
NY's estuaries in the Marine District. This includes the waters the Hudson River south of 
the Tappan Zee Bridge. 
http://www.dec.ny.gov/docs/fish_marine_pdf/bmrcrustaceandoc.pdf 
http://www.dec.ny.gov/outdoor/75333.html 
 
If the Department determines that mortality of in blue crab pots is causing a decline in 
the terrapin population of a given water body or area, the Department may by order 
mandate use of terrapin excluder devices in such areas 
 
NY Code 6 CRR-NY 44.2NY For Blue Crabs 
https://govt.westlaw.com/nycrr/Document/I21d8b5f6c22211ddb7c8fb397c5bd26b?vie
wType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&
contextData=(sc.Default)&bhcp=1 

New Jersey Within 72 hours 

Required on Commercial and 
Recreational pots within 150 ft. 
from shoreline to shoreline at 
mean low water and in man 

made lagoons 
 

6 in. (w) x 2 in. (h) 

Recreational Regulations 
http://www.state.nj.us/dep/fgw/pdf/non-comm_crabpot_regs.pdf 
 
Commercial Regulations 
http://www.njfishandwildlife.com/pdf/2016/comregs16.pdf 

Delaware Within 72 hours 

Required on Recreational Pots 
Only 

 
4.75 in. (w) x 1.75 in. (h) 

 

http://www.eregulations.com/delaware/fishing/blue-crabs/ 
Recreational Summary 
http://www.dnrec.delaware.gov/fw/Fisheries/Documents/rec%20crab%20pot%20sum
mary.pdf 
Commercial Code 
http://delcode.delaware.gov/title7/c023/index.shtml 

Maryland Unknown 

Required on Recreational Pots 
Only 

(waterfront property owners 
can set within 

100 yards of the shore) 
 

4.75 in. (w) x 1.75 in. (h) 

Maryland Blue Crab Regulations 
http://dnr2.maryland.gov/fisheries/Pages/regulations/blue-crab.aspx 

 
BRDs 
Where to Buy 
http://dnr2.maryland.gov/fisheries/Documents/flyer_stores.pdf 

Virginia Unknown .w5Ωǎ ŀǊŜ ƴƻǘ ǊŜǉǳƛǊŜŘ 

See VIRGINIA MARINE RESOURCES COMMISSION 
CHAPTER 4 VAC 20-270-10 ET SEQ. v possession limits, time limits, season etc. for 
commercial and recreational crabbers 
http://www.mrc.virginia.gov/regulations/fr270.shtm#40 

http://www.dec.ny.gov/docs/fish_marine_pdf/bmrcrustaceandoc.pdf
http://www.dec.ny.gov/outdoor/75333.html
https://govt.westlaw.com/nycrr/Document/I21d8b5f6c22211ddb7c8fb397c5bd26b?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)&bhcp=1
https://govt.westlaw.com/nycrr/Document/I21d8b5f6c22211ddb7c8fb397c5bd26b?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)&bhcp=1
https://govt.westlaw.com/nycrr/Document/I21d8b5f6c22211ddb7c8fb397c5bd26b?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)&bhcp=1
http://www.state.nj.us/dep/fgw/pdf/non-comm_crabpot_regs.pdf
http://www.njfishandwildlife.com/pdf/2016/comregs16.pdf
http://www.eregulations.com/delaware/fishing/blue-crabs/
http://www.dnrec.delaware.gov/fw/Fisheries/Documents/rec%20crab%20pot%20summary.pdf
http://www.dnrec.delaware.gov/fw/Fisheries/Documents/rec%20crab%20pot%20summary.pdf
http://delcode.delaware.gov/title7/c023/index.shtml
http://dnr2.maryland.gov/fisheries/Pages/regulations/blue-crab.aspx
http://dnr2.maryland.gov/fisheries/Documents/flyer_stores.pdf
http://www.mrc.virginia.gov/regulations/fr270.shtm#40
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Bycatch Reduction Devices  
 

Bycatch reduction devices (BRDs) were created to prevent terrapin bycatch while still allowing 
for the same abundance and legal size catch of crabs, eels, and other fish. If crab pots are fitted 
with BRDs, then adult female terrapins and some large males cannot enter the pots. These 
devices also referred to as TEDs, or turtle excluder devices, and have been proven to reduce 
bycatch of terrapins while not reducing the catch of legal blue crabs (Guillory and Prejean 
1998). The most common BRD does not affect the size or number of crabs caught (Roosenburg 
2004). BRDs are generally restricted to recreational pots (see Table 3) because those pots are 
mostly in near the shoreline in shallow areas, and in terrapin habitat. In MD, BRD compliance is 
less than 35% on recreational crab pots; however, BRD use in the Patuxent River increased from 
26% in 2005 to 34% in 2010. This change may be a reflection of increased usage or be based on 
survey areas differences (Radzio et al. 2013). Despite the availability of BRDs, their use has not 
been mandated everywhere, and needless bycatch mortalities continue to impact terrapin 
populations. In NJ, MATES and TWI and likely other organizations in the region distribute for 
BRDs for free; however, all states could potentially distribute.   
 
The MD DNR will continue to require BRDs on all recreations crab pots, investigate the 
feasibility (i.e. effects on catch; economic impact) of requiring BRDs on all crab pots set, and 
encourage fishermen to install BRDs on commercial crab pots (MD Fisheries Management Plan 
Report 2015). The NYSDEC is proposing to require the use of terrapin excluder devices on crab 
ǘǊŀǇǎ ǎŜǘ ƛƴ b¸Ωǎ ŜǎǘǳŀǊƛŜǎ ƛƴ ǘƘŜ aŀǊƛƴŜ 5ƛǎǘǊƛŎǘ. This includes the waters the Hudson River 
south of the Tappan Zee Bridge. Recently in VA (March 2016), an amendment was made to VA 
Code 28.2-226.2. Commission to establish requirements for commercial gear licenses used for 
recreational purposes where the Commission shall not issue to any licensee a recreational gear 
license which that exceeds the following limitations including up to 10 crab pots, with turtle 
excluder devices, $36; up to 10 crab pots without turtle excluder devices, $46. 
 

Other Fisheries Gear  
 

Terrapins can be caught in eel pots, fyke nets, and other types of fishing gear as well. Cloth 
funnel eel pots are used for inshore American eel fisheries in MD, VA, NJ, and DE (Radzio and 
Roosenburg 2005). According to a study by Radzio and Roosenburg (2003), bycatch in eel pots 
can lead to sizeable terrapin kills and have deadly effects on local terrapin populations. Catch 
rates maybe be as high as high as 0.2 terrapins/eel pot/day (Roosenburg 2004). Eel fisheries 
uses bait favored by terrapins, which may lead to increased terrapin catch rates (Roosenburg 
2004). The bycatch and subsequent drowning of terrapins in these pots occurs mainly in the 
spring and fall (Roosenburg 2004). Radzio and Roosenburg (2005) created a BRD created for 
cloth eel pots which showed no effect on eel catch, making this a feasible solution for 
conservationists and fishermen alike. Terrapins have been observed as bycatch in fyke nets as 
well, however such observations are currently anecdotal. Such observations however, have 
noted that terrapins can remain submerged in the nets for up to three days with cold 
temperatures (below 10 degrees C). Under these circumstances, the turtles have lower oxygen 
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demands. Checking fyke nets every 2-3 days may prevent terrapin mortality during cold-water 
seasons (Roosenburg 2004).  
 
Conclusion 
 
Educating the public about the BRDs as well as moving to make them mandatory may help 
decrease terrapin bycatch and mortality. Mandating all recreational crab pots sold have BRDs 
already attached is a one way to increase compliance (Roosenburg 2004). Shortening and 
enforcing soak times in traps might also help reduce terrapin mortality, and checking traps 
every day to two days could dramatically improve terrapin survival. Additionally, terrapin 
captures have been observed to be at their highest early in the crabbing season, during mating 
activity and lasting for the months of early spring, but not continuing into the summer and fall 
months (Hart and Crowder 2011). Therefore, to greatly decrease mortality by crab pots through 
seasonal timing, pots could be restricted between the months of April and (Grosse et al. 2011).   
 
Biological Resource Use (Commercial Harvest) 
 

Although once a historical dish, turtle soup made from terrapins has not been in great demand 
in over 50 years (Brennessel 2006). However, a commercial harvest is still permitted in three 
states in the NE - NY, NJ, and DE (Table 4). Terrapins collected from a commercial harvest may 
end up in Asian markets or sold as pets (illegally). Each summer in New York City, as estimated 
10,000 terrapins are sold with single terrapins sold by the pound for $20 a piece (Brennessel 
2006). However, very few individuals actually apply for a legal harvest permit in NY. Only two 
permits were issued in 2012 and only four issued for the 2013-14 season (J. Ozard, New York 
State Department of Environmental Conservation, pers. comm. 2014). The recent harvest 
of more than 3,500 terrapins (mostly gravid females) from two marsh locations in NJ 
underscores the vulnerability of hibernating turtles to winter harvesting. The terrapins were 
taken to an out-of-state aquaculture facility that raises them for overseas markets. More than 
14,000 offspring of these wild adult terrapins were then exported to Asia. As a result of this 
incident, a temporary moratorium was placed on a commercial harvest in NJ for the winters of 
2015 and 2016 (NJ Administrative Orders 2016-02 and 2015-02). As terrapins hibernate in 
shallow depths of the intertidal zone, banksides, or at the bottom of the salt marsh creek 
(Yearicks et al. 1981 as cited in Palmer and Cordes 1988), they are immobile and in large groups 
so many terrapins may be harvested in a relatively short period of time (Haramis et al. 2011).  
 
 
 
 

http://www.nj.gov/dep/docs/ao2016-02.pdf
http://www.nj.gov/dep/docs/ao2015-02.pdf
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Table 4. Terrapin harvest regulations in the Northeast. 

STATE PERMITTED TAKE/HARVEST HISTORY / CHANGE IN STATUS SINCE 2000 

Massachusetts Take prohibited 
 

No change. State-listed prior to 2003. 
 

Rhode Island Take prohibited 
 

No change. State-listed prior to 2003. 
 

Connecticut Take prohibited 

 
Closed by regulation sometime in 2005. Previously permitted 

limited take (5/day). Connecticut Regulation 26-66-14a 
 

New York 

 
Commercial harvest permitted w/in specified 

season, size limit, no take limit, reporting 
required. 

Currently considering closure. 

New Jersey 
Commercial harvest permitted w/in specified 
season, size limit, no take limit, no reporting. 

 
No change since 2003; however, temporary moratorium on 

the harvest was applied in 2015 and 2016. 
 

Delaware 

 
Limited take (4/day) permitted in specified 

season. 
 

Unaware of any recent or proposed changes. 

Maryland Take prohibited 

 
Legislatively closed in ~2007-08. Chapters 117 & 118, Acts of 

2007; Code Natural Resources Article, sec. 4-902). 
 

Virginia 
Commercial harvest and personal possession 

prohibited. 

 
Changed to closed by regulation in 2007.  Previously 

permitted harvest for personal possession of up to five 
terrapins. 

*SWAP = State Wildlife Action Plan/ For State Status Refer to Table 1. 
 

CITES Terrapin Export Data 
 
CITES is the Convention on International Trade in Endangered Species of Wild Fauna and Flora. 
It is a multilateral treaty to protect endangered plants and animals. The focus of CITES is to 
ensure that international trade in specimens of wild animals and plants does not threaten the 
survival of the species in the wild. CITES subjects international trade in specimens to certain 
controls and all import, export, re-export, and introductions must be authorized through 
licensing system. Terrapins qualified for inclusion in Appendix II by satisfying both Criteria A and 
B, as proposed at the 16th meeting of the Conference of the Parties, 3-14 March 2013, which 
were effective June 2013. To satisfy Criteria A, it is known, or can be inferred or projected, that 
the regulation of trade in a species is necessary to avoid it becoming eligible for inclusion in 
Appendix 1 in the near future. For Criteria B, it is known, or can be inferred or projected, that 
regulation of trade in the species is required to ensure that harvest of specimens from the wild 
is not reducing the wild population to a level at which its survival might be continued harvesting 
or other influence. Because of the suite of threats that currently impact terrapins, including 
international trade, it can be inferred that regulation of trade is necessary to avoid eligibility 
into Appendix I in the near future (Criterion A) and regulation of trade is required to ensure that 
harvest of wild specimens is not reducing populations to a level at which survival might be 
threatened by continued harvesting or other influences (Criterion B). The USFWS is provided 
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with oversight responsibility for international trade (import/export) of CITES protected species. 
Permit approvals are based on whether or not action will be detrimental to survival of the 
species. Presented below are data provided by the USFWS on terrapin exports. 

 

The U.S. Export Data of 754 shipments for Malaclemys terrapin 2000-2015 (Law Enforcement 
Management Information System [LEMIS] 2015) includes the export of 11,967 (23.70%) wild 
terrapins and 36,785 (72.92%) captive bred terrapins. In addition, 21,749 (43.11%) of terrapin 
exported were born in captivity from parents that mated in the wild and 1,704 (3.35%) 
terrapins originated from a ranching operation. The export of wild caught terrapins has varied 
over the last 15 years, but with peaks of over 4,000 individuals in 2006 and 2015 (Figure 13). 
Nearly 80% of these wild caught shipments were exported to Hong Kong followed by 7.7% to 
Taiwan (Province of China) and 5% to Japan (LEMIS 2015). 
 

 
Figure 13. Wild caught (live) terrapin exports from the United States from 2000-2015 (LEMIS 2015). 

Other Factors Contributing to Vulnerability to Harvest 
 
Significant anthropogenic sources of mortality such as road mortality and crab potting 
especially impact adult females and are likely additive to the mortality caused by harvest. Road 
mortality is female biased and targets adult females who are nesting. Over the last 25 years in 
southern NJ, the TWI has documented thousands of terrapins killed by vehicles (12,368 mature 
females, mean 495 ± 75) while searching for nesting sites along a 38-mile coastal route (TWI 
unpublished report 2015). Szerlag and McRobert (2006) and Szerlag (2006) found nearly 10% of 
adult female terrapin were killed each season along a 5 mile salt-marsh access road in NJ; while 
Crawford et al. (2014) found 59% and 52% terrapins struck by vehicles on a barrier island 
causeway (Jekyll Island Causeway, GA), even with intensive survey efforts during both studies. 
Commercial crab pots also disproportionately kill small terrapins, particularly males that do not 
outgrow the opening size limits of commercial wire crab pots and young females. This means 
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populations affected by crabbing may become increasingly female, as well as increasingly older 
with fewer young individuals surviving, due to selection pressures on smaller turtles (Dorcas et 
al. 2007, Wolak et al. 2010, Grosse et al. 2011). Haramis et al. (2011) found in areas where 
commercial crabbing occurs, larger females in the pot zones vs. no pot zones; implying that 
ǎƳŀƭƭŜǊ ŦŜƳŀƭŜǎ ǿŜǊŜ ōŜƛƴƎ ǘŀǊƎŜǘŜŘ ƛƴ ǘƘŜ Ǉƻǘ ȊƻƴŜǎΦ ¦ǎƛƴƎ aƛǘǊƻΩǎ όнллоύ ŀŘǳƭǘ ǎǳǊǾƛǾŀƭ 
estimates, Ayers (2010) projected adult survival under various levels of crab potting. Females 
fell between 74.8% and 97.1% (Ayers 2010) and males, between 0.78.8% and 0.90.1% (Tucker 
et al. 2001 as cited in Ayers 2010), a decrease from adult survival calculated by Mitro (2003) at 
94.4% to 95.9%. 
 
Modeling  
 
Modeling shows that population growth depends mostly on the survival of adults and juveniles 
rather than survival of hatchlings (Mitro 2003, Ayers 2010); therefore, elimination of egg-laying 
adult females in large quantities relative to their population size (e.g., by commercial harvest) 
can be extremely detrimental (Haramis et al. 2011). As little as a 10% decrease in adult female 
terrapin survival can cause a population decline, while a 33% decrease in hatchling survival can 
destabilize the population (Ayers 2010). Hart (1999) also found through modeling that a harvest 
level of 15% would reduce the population by half in just 15 years. Increased harvest level of 
30% and 75% would be even more detrimental to the population, reducing it by 77% and 92%, 
respectively (Hart 1999). Terrapins have been found in densely populated winter aggregations 
of greater than a thousand, many caught within a relatively short period of time, and within the 
size limits for harvested females, which demonstrates the susceptibility of terrapins to large 
scale harvesting (Haramis et al. 2011). 
 
Modeling conducted for snapping turtle species that have relatively similar life history 
parameters also supports the conclusion that terrapins are unable to sustain commercial 
harvesting. For common snapping turtles, females are sexually mature at 11-16 years (Congdon 
et al. 1994) while alligator snapping turtles have been estimated to mature at approximately 
13-16 years (Reed et al. 2002). Common snapping turtles lay one clutch with a mean clutch size 
of 28 eggs (Congdon et al. 1994) and alligator snapping turtles lay only one clutch (Dobie 1971 
as cited in Reed et al. 2002) and can range from 9-40 eggs (Powders 1978, Ewert 1976 as cited 
in Reed et al. 2002). Common snapping turtles have been observed to have nest survivorship of 
23% (Congdon et al. 1994); whereas, alligator snapping turtle nest survivorship has been 
estimated at 20% (author notes this value may be higher than what was estimated) (Reed et al. 
2002). Juvenile survival for common snapping turtles averaged 77% between ages 2 and 12 
(Congdon et al. 1994), while alligator snapping turtle juvenile survival has been estimated at 
69% for ages 1-12 (Reed et al. 2002). Adult female survival for common snapping turtles 
averaged 93% and for alligator snapping turtles 98% (high conservative estimate) (Congdon et 
al. 1994, Reed et al. 2002, respectively). Comparable to terrapins, the common snapping turtles 
population is more vulnerable to changes in adult or juvenile survival rather than the number of 
eggs produced or the survival of nests (Congdon et al. 1994). An annual harvest that increased 
adult mortality by 10%, over a 15-year period could reduce the adult population by 50% in less 
than 20 years (Congdon et al. 1994). Similar findings occur for alligator snappers, where an 
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annual harvest of less than 2% of adult females would reduce the population by half in 50 
years, and would likely result in local extirpation (Reed et al. 2002). 
 
Conclusion 
 
Removal of adults from the population by harvest occurs within a background of adult morality 
from other anthropogenic sources that are much less easily controlled, i.e., crab pots and road 
deaths. Consequently, control of harvest-caused mortality is an important tool available to 
managers to curtail excessive adult mortality to which terrapin populations are extremely 
sensitive. Many turtle species have few alternative means to counteract the above sources of 
mortality, and so it is critical to recognize this with any management choices related to the 
commercial harvest of juveniles or adults (Crouse et al. 1987 as cited in Congdon et al. 1994). In 
addition, modeling exercises conducted for terrapins and other turtles concluded that there is 
no evidence to suggest head-starting programs can counteract the effects of adult mortality  
(Heppell and Crowder 1996 and Mitro 2003). Smeenk (2010) observed this in local terrapin 
populations in the Chesapeake Bay (MD), finding similar population declines between a head-
started population and a 23-year mark/recapture population. Similar findings for common 
snapper turtles suggest that programs that focus on headstarting turtles or protecting nests will 
have little success in terms of population impacts if older juvenile and adult stages are not 
protected. 
 
Biological Resource Use (Illegal Markets and Pet Trade) 
 
The extent to which terrapin are subject to illegal trade is unknown. Interest for the terrapin 
commercial harvest remains high, primarily for the pet trade and as food in Asian markets and 
countries (see previous section on Commercial Harvest) (CITES 2013). In most of the NE 
possession is prohibited, except for some permitted actions for propagation or small numbers 
of terrapins for personal possession (Table 5). The policies below are strictly presented as a 
summary and may be not be all-inclusive for rules and exceptions. RŜŦŜǊǊƛƴƎ ǘƻ ŜŀŎƘ {ǘŀǘŜΩǎ 
regulations for a full outline of collection and possession policies is encouraged.  
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Table 5. Terrapin collection/possession policies in the Northeast. 

STATE COLLECTION OR POSSESSION POLICIES/REGULATION 

Massachusetts 

Possession is prohibited, except under a permitted captive propagation program. 
Under 321 CMR 10:00 Massachusetts Endangered Species Act10.04: Taking and Possession of Species on State and Federal 
Lists   
1. Prohibitions. Except as otherwise provided in 321 CMR 10.04(2) and (3), no person may take, possess, transport, export, 
process, sell or offer for sale, buy or offer to buy, nor shall a common or contract carrier knowingly transport or receive for 
shipment, any plant or animal or part thereof on the state list or federal list; provided, however, that ownership, sale, or 
purchase of real property on which such plant or animal occurs is not prohibited (Exemption 2a. In Transit). 
3c. Captive Propagation of State Listed Species. 
Animals. The Director may permit, in accordance with provisions of M.G.L. c. 131, § 23, and 321 CMR 2.12, the artificial 
propagation and maintenance of animals on the state list. Such permits may be issued only after the Director approves a 
written propagation program prepared by the applicant. 
http://www.mass.gov/eea/agencies/dfg/dfw/laws-regulations/cmr/321-cmr-900-exemption-list.html#9.01 

Rhode Island 

Possession is prohibited, except a permitted to identified institutions.  
Possession of Native Wildlife. All native wild animals are expressly prohibited from importation or ownership without the 
issuance of a valid permit by the Department. The possession of native turtles is restricted to those institutions identified 
within Rule 7.3, and as exempted per Rule 8 of these Rules and Regulations. Turtles considered native to RI and which 
possession as pets is prohibited include the terrapin. 
Rules and regulations governing importation and possession of wild animals (2016)  
http://www.dem.ri.gov/pubs/regs/regs/agric/wildanml16.pdf 
R.I. Gen. Laws Chapter 4-18, and §§ 20-1-18, 20-1-22, 20-37-3, and 42-17.1-2(19) as amended, and in accordance with the 
procedures set forth in the R.I. Administrative Procedures Act, R.I. Gen. Laws Chapter 42-35. 

Connecticut 

Possession is prohibited, except under special authorization. 
CT General Statute 26-55 and CT Regulation 26-55-6 (b)(4) restricts importation, possession, and liberation. CT Regulation 26-
66-14(a) states that there is no open season for taking terrapins in any development stage.  Therefore, terrapins cannot be 
collected or possessed in Connecticut without special authorization. 

New York 

Possession is prohibited, except under certain conditions and a license is required to take a terrapin. 
NY Code 6 CRR-NY 3.1 Diamondback terrapins 
A valid terrapin license is required to take terrapin and during the open season only.  
Possession of a terrapin on the waters or shores of New York State during the closed season is prohibited. It is prohibited take, 
possess, purchase or sale of terrapin which has a straight-line upper shell length less than four inches or greater than seven 
inches and prohibited to sell May 5 to July 31. Terrapin legally taken during the open season may be sold throughout the year 
only if they were killed and processed for consumption prior to May 5. 

New Jersey 

To be determined 
Because there is a current moratorium on the terrapin harvest, it is illegal to possess one. If it is determined that the species is 
placed on the non-game list than the following would apply ς No person shall posses any nongame species without proper 
permits from the State and any other federal or local permits that may apply (see applicable sections under NJAC 7:25-4 and 
7:25-4.6(a)). 
The New Jersey Department of Health mandates that turtles and tortoises CAN NOT be sold in New Jersey - 
http://www.njfishandwildlife.com/pdf/pet-dealer_info.pdf 

Delaware 

Possession is prohibited, except under certain conditions such as scientific or propagating purposes. 
Chapter 7, subchapter V, § 784 Terrapin raised in private ponds. Nothing contained in this subchapter shall prevent any person 
from raising terrapin in a private pond. 
Chapter 150. It shall be unlawful for any person to catch, take, kill or destroy or have in his possession, except for strictly 
scientific or propagating purposes, any terrapin from the fifteenth day of March until the fifteenth day of November following 
in each and every year. That it shall be unlawful for any person to catch, take, kill or destroy or have in his possession any 
Heifer terrapin which measures less than five and one-half inches lengthwise on the bottom shell, except for strictly scientific 
or propagating purposes.  
Refer to 24 Del. Laws, c. 151, § 1; 27 Del. Laws, c. 150; Code 1915, § 2492; Code 1935, § 2972; 7 Del. C. 1953, § 784; 70 Del. 
Laws, c. 275, §§ 95, 96. 

Maryland 

Possession is prohibited, except as permitted for non-commercial purposes. 
MD Regulation Chapters 117 & 118, Acts of 2007; Code Natural Resources Article, sec. 4-902. It is unlawful to take or possess 
terrapins for commercial purposes. A person may possess up to 3 terrapins for non-commercial purposes.  
Commercial Trade ς Requires a permit. A permittee may sell, offer for sale, trade, or barter any reptiles or amphibians (see 
specific lists) if the animals are actively produced or legally obtained from out of state.  No terrapin is allowed to be taken 
from the wild in Maryland for commercial trading. http://dnr2.maryland.gov/wildlife/Pages/Licenses/captive.aspx 

Virginia 

No Possession Allowed. 
It shall be unlawful to take, possess, import, cause to be imported, export, cause to be exported, buy, sell, offer for sale or 
liberate within the Commonwealth any wild animal unless otherwise specifically permitted by law or regulation. 
No possession allowed of threatened and endangered species, freshwater mussels, candy darter, eastern hellbender, 
diamondback terrapin, and spotted turtle.  
http://www.dgif.virginia.gov/fishing/regulations/nongame.asp  

http://www.mass.gov/eea/agencies/dfg/dfw/laws-regulations/cmr/321-cmr-900-exemption-list.html#9.01
http://www.dem.ri.gov/pubs/regs/regs/agric/wildanml16.pdf
http://www.njfishandwildlife.com/pdf/pet-dealer_info.pdf
http://delcode.delaware.gov/sessionlaws/volume24/chp151.shtml
http://delcode.delaware.gov/sessionlaws/volume27/chp150.shtml
http://delcode.delaware.gov/sessionlaws/ga138/chp275.shtml
http://delcode.delaware.gov/sessionlaws/ga138/chp275.shtml
http://www.dgif.virginia.gov/fishing/regulations/nongame.asp


 
50 

 

Human Disturbance and Intrusion 
 
Thirty-nine percent of the U.S. population lives along the coastline (NOAA 2016) and there is 
concern that increases of human disturbance are causing population declines in terrapins. 
Terrapin encounter many threats from anthropogenic activities such as road mortality, 
recreational boating activities, drowning in crab pots, habitat loss and habitat alteration etc. all 
of which are discussed in great detail throughout the THREATS SUMMARY section. 
Anthropogenic activities can cause morality, injury, and limit recruitment to the population 
(Lester and Suss 2014). Similar findings have occurred for map turtles (Graptemys 
flavimaculata) where interruption of nesting activities may impact numbers of clutches laid and 
change nest site selection by female turtles (Moore and Seigel 2006). Map turtles also 
experience a reduction in basking time in areas with higher recreational disturbances than 
more natural areas (Selman et al. 2014). Human intrusion can prolong or prevent terrapins 
from nesting. With increased usage of the beach by people, a decrease in the number of 
terrapin nests and nesting females was observed (Little Beach Island, Barnegat Bay, NJ) (Burger 
and Garber 1995). Nest failure may occur from dogs at nesting beaches (USGS 2003) and dogs 
may attack terrapins (K. Testa pers. comm. 2015). At the JBWR (NY), the NPS has closed the 
ά¢ŜǊǊŀǇƛƴ ¢Ǌŀƛƭέ ƻǊ ǘƘŜ ǎŀƴŘ ǘǊŀƛƭ to reduce human/terrapin encounters during the nesting 
season. Unfortunately, some visitors ignore this closure even though trespassing is prohibited.  

 
Natural System Modifications (Dredging) 
 
5ǊŜŘƎƛƴƎ ƛǎ ŀ ŎƻƳƳƻƴ άƳŀƛƴǘŜƴŀƴŎŜέ ŀŎǘƛǾƛǘȅ ƛƴ ƘŀǊōƻǊǎ ŀƴŘ bays to provide access for boats in 
shallow waters (Brennessel 2006). The JBWR (NY) and nearby areas have been dredged for 
shipping lanes, construction of the JFK airport, as well as other land recovery (Black 1981 as 
cited in Feinberg and Burke 2003). Dredging can impact terrapins in several ways. Dredging 
operations can kill or dislodge terrapins while in hibernacula (Brennessel 2007). Contaminated 
dredge material can lead to terrapin nest failure and chemical pollutants including PBDEs, DDT, 
and others can be high enough to cause deformities in hatchlings (Avery and Wnek 2011). One 
hundred percent nest failure from salts and contaminants in dredge material placed at a 
nesting site was observed in NJ (Avery and Wnek 2011).  

 
However, there can be benefits to using uncontaminated dredge material as it may provide 
suitable nesting habitats for terrapins (Wnek et al. 2013, TWI et al. 2010). Dredge soil improved 
after a year by the washout of salt and hatching success increased (Wnek et al. 2013). Clean 
dredge material can be used for constructing islands to create new nesting habitat with fewer 
mammalian predators (Wnek et al. 2013). An example of using dredge material as a 
conservation tool would be Poplar Island (Talbot County, Chesapeake Bay) where dredged 
material management resulted in the restoration of a disappearing island. Sixty-eight million 
cubic yards of clean dredged material was taken from tƻǊǘ ƻŦ .ŀƭǘƛƳƻǊŜΩǎ ŀǇǇǊƻŀch channels to 
restore the island (MD Environmental Service 2016). The terrapin population on Poplar Island 
has high nest survivorship, as this island has remained relatively predator free (Roosenburg et 
al. 2014). 
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Natural System Modifications (Bulkheading and Other Hardened Shoreline Structures) 
 
Coastal landowners often attempt to protect their property from flooding and erosion using 
hardened shorelines techniques that result in obstructing terrapin access to nesting sites 
(Clowes 2013). Studies have shown that estuaries plagued by even 10-25% hardened shorelines 
can lose their quality and value (Silliman and Bertness 2004; Bilkovic et al. 2006; Bilkovic and 
Roggero 2008; DeLuca et al. 2008 as cited in Isdell et al. 2015). Creating structures such as 
bulkheading to harden the coastline can reduce or eliminate terrapin habitat (Winters 2013), 
cause terrapins to travel farther as they encounter shoreline barriers in search of nesting sites 
(Avery and Wnek 2011), and force terrapins to nest in suboptimal habitat. In some cases, 
terrapins travel over three to six times further to nest as they are blocked by hardened 
shoreline structures (Avery and Wnek 2011, Winters et al. 2015). Some terrapins that are 
forced to travel further show an increase in stress hormones, compared to terrapins that 
nested in unhindered suitable habitat (Avery and Wnek 2011). Increased terrestrial travel to 
find new nesting areas cause greater exertion (Winters et al. 2015) and can lead to an increase 
in impaired orientation and risk of predation due to exposure (Winters 2013). Barriers to 
nesting sites, like bulkheading and roads can also lead terrapins to use suboptimal nesting sites 
(Roosenburg 1994) using locations such as driveways and backyards (Winters 2013). A recent 
study in NJ found that on a Long Beach Island (a highly developed barrier island) 83% and 78% 
of terrapins nested on residential property (Moss 2015). Nearly 40% of the first population 
nested on shorelines classified as erodible and nearly 30% of the second population nested on 
erodible shorelines, with 63% nests closest to bulkheaded areas (Moss 2015). Poor 
environmental conditions at marginal nesting sites can reduce nest success for incubation and 
developing eggs, further contributing to declines in terrapin populations (Clowes 2013). Nesting 
areas adjacent to bulkheading may also be impacted by various anthropogenic threats. For 
example, in coastal developed areas there are marinas, recreational docks, and waterfront 
homes and other properties, which may increase recreational crabbing activities and have 
higher boat traffic. These pose serious threats not only to nesting terrapins, but to all terrapins 
living in the area (Winters 2013). Even in more protected park systems terrapin habitat can be 
limited by armored shorelines. At the SHU in the GNRA (NJ), terrapin nesting habitat is limited 
with 65% of the bayside shoreline stabilized with hard structures such as riprap and bulkheads 
(NPS 2007).   
 
Some studies indicate that hardening of coastal shorelines is greatly increasing (Isdell 2014). 
Over the past century, Barnegat Bay, NJ has lost over 30% of its salt marsh habitat and over 

45% of its shoreline now includes bulkheading, constructed of metal, vinyl, concrete or wood, in 
an effort to reduce shoreline erosion (BBEP 2001, CRSSA 2016). Three hundred milŜǎ ƻŦ a5Ωǎ 
coastal shoreline were hardened from 1978 ς 1997, while in VA; approximately 19 miles of 
shoreline in VA were hardened every year from 1998 to 2000 (Healy and Hsieh 2014). It is 
estimated that 27% of tidal shorelines and 500 miles of VAΩǎ ǎƘƻǊŜƭƛƴŜǎ ŀǊŜ ƘŀǊŘŜƴŜŘ (VIMS 
2010). wƘƻŘŜ LǎƭŀƴŘΩǎ Narragansett Bay has approximately 25% of its shoreline hardened (Tiner 
et al. 2003). While bulkheading, groins, or other wall structures are used to harden the 
shoreline, the primary form of armoring in RI is rock revetments (Tiner et al. 2004). Much of the 
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CT shoreline is reinforced with hardened structures, yet there has been increased interest in 
maintaining a more natural shoreline while also affording protection from erosion.  

.ǳƭƪƘŜŀŘƛƴƎ Ƴŀȅ ōŜ ǊŜǇƭŀŎŜŘ ǿƛǘƘ άƭƛǾƛƴƎ ǎƘƻǊŜƭƛƴŜǎέ ǘƻ Ƴŀƛƴǘŀƛƴ ƳŀǊǎƘ structure and loss of 
natural shorelines. By using natural materials such as sand, stone, and plants in living shoreline 
designs, shorelines can be augmented, repaired, and protected from erosion (Bilkovic & 
Mitchell 2013 as cited in Isdell et al. 2015). Native Spartina can help stabilize the environment 
and encourage growth of new habitat, increasing biodiversity of the salt marsh (Clowes 2013). 
Living shorelines were considered a positive solution to habitat fragmentation that led to a 
decline in terrapin population (Isdell et al. 2015). However, any enhancement project must take 
into account the reason for the loss of such population (Isdell et al. 2015). Most of the NE states 
including CT, NJ, MD, and VA have passed regulations to require or support living shorelines 
project as a preferred alternative to traditional shoreline hardening practices. Any decreased 
shoreline hardening would be beneficial for terrapins throughout the NE.  
 
If removal of hardened structures is not feasible, developing structures to allow terrapin access 
or constructing adjacent nesting habitat could be beneficial to terrapins. Ramps and other 
alterations along bulkheads may be a possible alternative and allow access to nesting sites 
without increased stress in female terrapins (Winters 2013). In areas with reduced access to 
nesting sites, uncontaminated dredge spoil can be used to construct islands with fewer 
mammalian predators (Wnek et al. 2013). An example of this used successfully is at North 
Sedge Island, where 50 years ago a portion of the island was formed with dredge material from 
Barnegat Bay, NJ. The soil has aged and is now successful for nesting diamondback terrapins 
(Wnek et al. 2013). 
 
Pollution  
 
Terrapins can be directly impacted by pollution from oil spills, heavy metals, and chemical 
agents (Brennessel 2006). Terrapins have been previously impacted by oil spills including 
Buzzards Bay, MA (1969, 1974, 2003, and others) (Brennessel 2006, Costa 2016); Exxon Oil Spill 
in the Arthur Kill, NJ (1990) (Burger 1994); /Ƙŀƭƪ tƻƛƴǘ hƛƭ {Ǉƛƭƭ ƛƴ ǘƘŜ {ǿŀƴǎƻƴΩǎ /ǊŜŜƪΣ 
Chesapeake Bay, MD (2000) (Byrd et al. 2002a,b; Michel et al. 2001); among others. Oil spills 
can be very detrimental to terrapins by direct mortality from the oil, contamination of estuarine 
habitat, and death of food sources for terrapins (Burger 1994, Bouchard120 Natural Resource 
Trustees 2005). Following the Chalk Point Oil Spill, 122 terrapins deaths were documented as 
well as a decrease in reproduction (10%) in the year after the spill (Byrd et al. 2002a). However, 
the total injury to terrapins was calculated to be much higher and estimated as 5,244.6 lost 
discounted terrapin-years (loss of productivity in the following years of the spill and the 
morality of hatchlings the year of the spill) (Byrd et al. 2002a). Eleven terrapin females were 
documented as directly covered by oil, with only three surviving (Burger 1994). The terrapins 
that died showed lesions on their digestive tract likely from exposure to oil and oil within their 
tissues (Burger 1994). 
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Terrapins can be affected by heavy metals from the water and sediments that accumulates in 
their bodies. In Barnegat Bay (NJ), a study measured heavy metals selenium, arsenic, chromium, 
cadmium, arsenic, lead, and mercury in terrapin tissues and organs. Most of the metals were 
significantly greater in the liver than other tissues and could be a concern for scavengers or 
consumers who eat the liver (Burger 2002 as cited in Brennessel 2006). Similar results were 
found outside the NE where mercury was found to be greatest in the liver and a minor amount 
transferred to developing eggs (Green et al. 2010). Another study in Barnegat Bay found 
terrapins have relevant levels of organic contaminants (persistent organic pollutants [POPs]) in 
their tissues compared to other wildlife, with the exception of a contaminant class of emerging 
concern, polybrominated diphenyl ethers (PBDEs) (Basile 2010). The study found maternal 
transfer of POPS to developing terrapin embryos and some POPs may be associated with 
immune and endocrine disruption and even disruption in neurobehavioral development (Basile 
2010). Polychlorinated biphenyls (PCBs) were also studied in terrapins comparing Cape May (NJ) 
and Jamaica Bay (NY) and found strong concentrations in the liver and maternal transfer of PCB 
contaminants (Ismail 2010). Contaminated dredge material can lead to terrapin nest failure and 
chemical pollutants including PBDEs, DDT, and others can be high enough to cause deformities 
in hatchlings (Avery and Wnek 2011). There was 100% nest failure from salts and contaminants 
in dredge material placed at a nesting site (Avery and Wnek 2011).  
 
Both point and non-point sources pollution (chemical agents) can impact the aquatic 
environment. Excessive nutrient loading from agricultural run-off, urban wastewater and storm 
water pollution can increase nitrogen in an estuarine environment causing harmful algal 
blooms and may be responsible for terrapin die off events (see Mass Die-Off section). For 
example, excess nitrogen from fertilizer and waste water is the main ecological concern in the 
Peconic watershed (NY) (Lloyd, 2014; Total Maximum Daily Load for Nitrogen in the Peconic 
Estuary Program Study Area, NYSDEC 2007 and Peconic Estuary TMDL Review, USEPA, 2013 as 
cited in the Suffolk County Comprehensive Water Resources Management Plan 2015).This is the 
watershed of where a terrapin die-off event occurred in 2015.  Pollution is the most frequently 
identified threat to SGCN in NY; particularly industrial and military oil spills can impact terrapins 
(NY SWAP 2015 - [NYSDEC 2015]). Mercury is a growing concern in NY, while newer 
contaminants, such as micro-plastics and pharmaceuticals are identified and quantified (NY 
SWAP 2015 - [NYSDEC 2015]). 
 
Climate Change and Severe Weather  
 
Climate change and severe weather are threats to the NE (and globally) that will intensify other 
existing threats (e.g. habitat loss) and affect conservation actions over the long-term (Klopfer et 
al. 2012, Kane et al. 2013 as cited in VDGIF 2015). Increased sea-level rise as a result of climate 
change can contribute to increased shoreline erosion, flooding of low-lying coastal areas and 
increased wave heights during storms, all of which will impact terrapin nesting and marsh 
habitat. Severe changes in weather may contribute to unusual mass mortality and cold stun 
events in terrapins (see Mass Die-Off section). Sea-level rise, increased number of storms, heat 
waves, and greater average temperatures and changes in precipitation are already occurring in 
the NE (NYSDEC 2015).  

http://www.suffolkcountyny.gov/Portals/0/Documents%20and%20Forms/Health%20Services/environmental%20quality/water%20resources/Comprehensive_Water_Resource_Management_Plan.pdf
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The NE will experience a substantial increase in temperature by the end of the century as 
predicted by all available climate models. Over the last century, temperatures in the NE have 
risen by 0.7°C and are predicted to increase 3-5°C (NE Climate Science Center 2016, Staudinger 
et al. 2015). Increased precipitation is predicated to occur due to increased and intense rainfall 
events (Staudinger et al. 2015). Storm surges and flooding will intensify in coastal areas as a 
result of increased storm events (Staudinger et al. 2015). Flooding is becoming more extreme, 
yet droughts are also increasing (Staudinger et al. 2015). By the end of the century, the NE may 
experience 1.5 to 6 feet of sea-level rise within a warming ocean that is becoming more acidic 
(Staudinger et al. 2015).  
 
Climate change information and guidance can be found in Integrating Climate Change into the 
State Wildlife Action Plans (Staudinger et al. 2015), developed by the Northeast Climate Science 
Center and partners, which presents trends in climate variables that are significant to coastal 
habitats and SGCN wildlife. Recent studies evaluate our current understanding of the 
vulnerabilities of wildlife and habitat to sea-level rise and climate change, the areas of scientific 
uncertainty, and future research recommendations to protect these resources including: 
Impacts of Climate Change on Wildlife in the Northeast (Spring 2014), The Vulnerabilities of 
Northeastern Fish and Wildlife Habitat to Sea Level Rise (National Wildlife Federation and 
Manomet Center for Conservation Science 2014), and in Climate Change Impacts in the United 
States: The Third National Climate Assessment (Horton et. al. 2014). These and other useful 
materials are being organized in the U.S. Climate RŜǎƛƭƛŜƴŎŜ ¢ƻƻƭƪƛǘ ŀƴŘ bh!!Ωǎ 5ƛƎƛǘŀƭ /ƻŀǎǘΦ 
An extensive collection of climate change resources can be also be found at Surging  Seas ς Sea-
level rise analysis by Climate Central where many plans, actions, and resources are listed with 
links on a national level and for each individual state in the Northeast.  
 
Climate Change has also been thoroughly analyzed in each of the NE SWAPs. With individual 
SWAPs, state-specific links for climate adaptation reports, vulnerability assessments, and 
climate action tools can be found. The SWAP chapters dedicated to climate change evaluate the 
SGNC (or their habitat) vulnerability, assessments used in each state, and the results for SGCN 
and their key wildlife habitats. The SWAPS may also include adaptation strategies to conserve 
biodiversity under projected climate change conditions. 

 
ü Massachusetts ς Chapter 5 of the MA SWAP (entire chapter dedicated to climate 

change) (Massachusetts Division of Fisheries and Wildlife 2015). 
 

ü Rhode Island ς Climate change section (3-19) within Chapter 3 of the RI SWAP (Rhode 
Island Department of Environmental Management 2015). 

 

ü Connecticut ς Climate change section (3-22) within Chapter 3 of the CT SWAP (CT DEEP 
2015). 

 
ü New York - Climate change section (page 39) within Chapter 5 of the draft NY SWAP 

(NYSDEC 2015).  
 

http://sealevel.climatecentral.org/responses/plans
http://sealevel.climatecentral.org/responses/plans
http://www.mass.gov/eea/docs/dfg/dfw/habitat/ma-swap-public-draft-26june2015-chapter5.pdf
http://www.dem.ri.gov/programs/bnatres/fishwild/swap/RIWAP-Chapter3.pdf
http://www.ct.gov/deep/lib/deep/wildlife/pdf_files/nongame/ctwap/CTWAP-Chapter3.pdf
http://www.dec.ny.gov/docs/wildlife_pdf/swapfinaldraft2015.pdf
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ü New Jersey - The 2015 draft SWAP is not currently available, however, NJ summarized 
the threat of climate change in preparation for the final NJ SWAP, draft Climate Change 
Summary for the New Jersey Wildlife Action Plan (VanLuven 2015). 

 
ü Delaware ς Climate change section (3-23) within Chapter 3 of the draft DE SWAP 

(Delaware Department of Natural Resources and Environmental Control [DE DNREC] 
2015).  

 
ü Maryland - Chapter 6 of the MD SWAP (entire chapter dedicated to climate change) 

(MD DNR 2016). 
 
ü Virginia ς Climate change section (3-28) with Chapter 3 of the draft VA SWAP (VDGIF 

2015). 
 

Invasive and Other Problematic Species (Invasive Plants) 
 
Introduced Phragmites, an invasive reed, can deteriorate suitable terrapin habitat (Simoes and  
Chambers 1999) by outcompeting and eliminating native Spartina grasses. Although little 
research has been done to quantify the direct impact from the threat of Phragmites on  
terrapins, some efforts have been made to remove this invasive reed. In Delaware, during the  
summer of 2006, a comprehensive survey of all bayfront beaches from Smyrna River, north to  
the C & D Canal was conducted to document terrapins nesting activity and presence and extent  
of Phragmites cover along the beach. Most beaches had well-established stands of Phragmites  
that extended well out beyond the high tide line. Little terrapin nesting was documented in 
these stands due to the dense nature of the above ground culms and below ground rhizome 
mat. The affected beaches were sprayed with glyphosate in the fall of 2006 and the residual 
culms removed by controlled burn in the winter of 2007. A nesting survey was conducted in 
2013 that documented significant nest density in former Phragmites dominated areas of the 
beach, comparable to that found in unaffected beach habitat. (R. Meadows pers. comm. 2016).  
 
Some important questions to consider regarding this threat (provided by R. Meadows DE 
DNREC pers. comm. 2014) include:  
 
ü Has Phragmites been identified as a serious threat to nesting habitat in the lower 

salinity areas of their various ranges in the estuary along the east coast?  
ü Has it been quantified (number of nesting beach habitat lost, percent of habitat 

lost/impaired, miles of beach shoreline impaired)?  
ü How many (if any) of the Northeast states have conducted comprehensive surveys (both 

on the ground, and with historic aerial photos, and literature searches) of all terrapin 
habitats in their respective state? If any assessments have been made, have the 
assessments been based on well-vetted data/surveys?  

 
In other cases, a volunteer removal effort by Norwalk Land Trust was made to enhance terrapin 
and bird habitat on Hoyt Island, a three-acre wildlife preserve and bird sanctuary on Long Island 

../../Documents/Dell_Files/Data%20Retrival/BACKUP%20FILES%20FROM%20DATA%20RETRIVAL%2012_13_13/Documents/CWFNJ/Terrapin/RCN%20Grant/Climate%20Change/NJ%20F&W-Climate%20Change%20Threats%20&%20Actions-Final%207-11-15.pdf
../../Documents/Dell_Files/Data%20Retrival/BACKUP%20FILES%20FROM%20DATA%20RETRIVAL%2012_13_13/Documents/CWFNJ/Terrapin/RCN%20Grant/Climate%20Change/NJ%20F&W-Climate%20Change%20Threats%20&%20Actions-Final%207-11-15.pdf
http://www.dnrec.delaware.gov/fw/dwap/Documents/2015%20Submitted%20Documents/Chapter%203.pdf
http://dnr2.maryland.gov/wildlife/Documents/SWAP/SWAP_Chapter6.pdf
http://bewildvirginia.org/wildlife-action-plan/draft/
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Sound in Norwalk, CT by removing Wing Euonymus, Euonymu spp. (Norwalk Land Trust 2016). 
The Wing Euonymus is an exotic invasive native to central and Northern Asia, Japan, and 
Central China that can reach up to 20 feet in height (NPS 2010). 
 
Predation  
 
The main observed predators on terrapins are fox (Vulpes vulpes and Urocyon 
cinereoargenteus) and raccoons (Seigel 1980b, Roosenburg 1990, Roosenburg 1991, Feinberg 
and Burke 2003, Bennett et al. 2009). Other varieties of predators include Norway rats (Draud 
et al. 2004, Ner and Burke 2008), gulls (Larus atricilla and L. argentatus) (Seigel 1980b, Ner and 
Burke 2008), and crows (Corvus brachyrhynchos) (Seigel 1980b). Occasional predators have 
been observed such as Yellow-Crowned Night Herons (Nycticorax violacea) (Draud et al. 2004), 
fish crows (Corvus ossifragus), Willet (Triunga semipalmata) Eastern kingsnakes (Lampropeltis 
getula) and white-footed deer mice (Peromyscus leucopus) (Roosenburg et al. 2014) and (Felis 
catus) (VDGIF 2015). 
 
Terrapin populations are declining in some areas due to subsidized predators (Feinberg and 
Burke 2003) and can even be eliminated (Seigel 1980b). Subsidized predation occurs when 
resource availability for predators is altered (usually anthropogenically) in a way that increases 
predator density to levels that would not occur without these additional resources. These 
resources, such as food waste left in garbage cans and dumpsters by humans, as well as food 
litter, keep predators safe from normal natural effects that might limit their populations, such 
as declines in prey populations. Subsidized predators such as raccoons and fox, may eat 
terrapin eggs, hatchlings or adults. However, raccoons appear to be the most detrimental 
predator to terrapins (Ner and Burke 2008). As coastal habitats continue to become urbanized, 
terrapin nesting density may increase because there are fewer habitats available for them to 
nest (Bennett et al. 2009). This can lead to higher predation rates as fewer habitats are 
available for nesting (Roosenburg 1991). Nest predation rates from fox and raccoon range from 
70 to 100% on the mainland of the Chesapeake Bay, MD (Roosenburg 1991). A similar rate 
(69%) was observed by Bennett et al. (2009) on the lower Patuxent River, MD.  Raccoons wiped 
out nearly all terrapin nests, with 100% and 92% mortality rate between 1998 and 1999 on 
W.²w όwǳƭŜǊΩǎ .ŀǊ IŀǎǎƻŎƪΣ b¸ύ όFeinberg 2004). Draud et al. (2004) determined a 67% mortality 
rate of radio-tracked hatchlings due to rats (NY). In a study in DE, 6.3 ± 0.2 SE eggs were 
depredated per nest (N=238) with potential terrapin nest predators including raccoons, red 
foxes, rats, and feral cats (Lester and Suss 2014). In MA, predation rates from subsidized 
predators range from 85-93% in control areas, where nests are not protected. Although the net 
effect on population demographics is unknown, an expansion of the types of predators has 
been observed.  Over the past decade, increasing fox populations have been very effective in 
decreasing the numbers of terrapin eggs and hatchlings, even in nests that are protected with 
wire cages (B. Brennessel pers. comm. 2015).  In the absence of predation, terrapins have 
increased nest survival rates and recruitment (Roosenburg et al. 2014). Calculating nest 
predation may be potentially underestimated in some cases where raccoons have been found 
to change their predatory behavior throughout the nesting season, eating the contents of 
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terrapin eggs and leaving the shells behind in June, while in July eating the entire egg and 
ƭŜŀǾƛƴƎ ǘƘŜ ƴŜǎǘ άŜƳǇǘȅΣέ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ŎƻǳƴǘŜŘ ŀǎ ŀ ŦŀƛƭŜŘ ƴŜǎǘ ŀǘǘŜƳǇǘ ό.ǳǊƪŜ Ŝǘ ŀƭΦ нллфύΦ  
 
Potential options to protect the terrapins from subsidized predation may include scent 
aversion, electric fences (Bennett et al. 2009), and predator excluders (nest protectors). 
Raccoons may use cues such as the smell of saltwater or disturbance of nesting substrate to 
located terrapin nests (Burke et al. 2005). In a recent study by Burke et al. (2015) habanero 
pepper powder used at terrapin nests did not reduce predation by raccoons.  Electrical fencing 
can reduce predation as Bennett et al. (2009) found a significant difference between numbers 
of nests predated between electrified nests and those unprotected. Predator excluders vary in 
design and can be made from different materials including wood, plastic, metal, or PVC cloth 
(Rahman and Burke 2010). Currently, there are no published literature sources on comparisons 
of predator excluder designs for terrapins. However, this has been included as a conservation 
action (Action #4) for the NE states (MA, RI, CT, NY) to implement a research study to evaluate 
nest cage (nest protector, predator excluder) design and determine the most effective types of 
nest protection structures for various locations. Rahman and Burke (2010) compared 
unprotected nests to metal boxes and found that nest protectors did not impact size of terrapin 
hatchlings, but there was a significant difference in incubation temperature between nests 
without excluders and nest protected with metal boxes. There are some downfalls to predator 
excluders, as they can make nests exposed and easier to detect by predators as well as illegal 
collectors, and also can be considered a hazard to human safety (Rahman and Burke 2010). 
 
Disease 
 
The threat of disease is relatively unknown, but appears to be a lower priority threat at the 
present time. One study in NJ compared disease in captive and wild caught terrapins and found 
both groups were not infested with blood or intestinal parasites. Salmonella was present, but 
researchers concluded terrapins do not shed this pathogen in very large numbers (Werner et. 
al. n.d). Ranavirus a disease known for causing mass morality of amphibians and fish (Langdon 
and Humphrey 1987; Daszak et al. 1999; Green et al. 2002 as cited in Johnson et al. 2008), 
with infrequent cases in reptiles (Hyatt et al. 2002, Marshang et al. 2005, De Voe et al. 2004 as 
cited in Johnson et al. 2008), may be a disease that is monitored for terrapins. It has already 
been found in Eastern box turtles (Terrapene carolina carolina) in five Maryland counties (S. 
Smith pers. comm. 2015). An additional conservation action identified in this plan for MD which 
ǿŀǎ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƛǘǎ a5Ωǎ {²!t /ƻƴǎŜǊǾation Actions (see page 7-141) calls for monitoring the 
spread of individuals (terrapins) affected by Ranavirus; determine impact of emerging 
pathogens. 
 
Mass Die-Off 
 
Although not classified as a threat, mass die-off events can be a result of and linked to one or 
multiple threats identified above. Little information is known for mass die-off events that have 
been reported for terrapins and any die-off is likely go unreported. It is unknown whether these 
terrapins survived. For the purpose of this Conservation Strategy mass die-off is defined as 
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greater than 10 terrapins being found dead within a weeks time. Possible explanations for 
these events could be due to terrapin bycatch in active and derelict crab pots, poisoning due to 
chemical and oil spills, diseases, harmful algal blooms - marine biotoxins (e.g. saxitoxin), and 
possible winter freezes and other weather conditions.  
 
Terrapin bycatch due to drowning from active and derelict crab pots can potentially kill a 
number of terrapins quickly, and if dumped in the ocean they may wash ashore in a group. In 
Nandua Creek, VA (bayside, Eastern Shore of VA), 54 terrapins were found in one crab pot, with 
49 dead, and five that were released alive (Figures 14 and 15) (K. Angstadt, VIMS, pers. comm. 
2014). 
 

 
Figure 14. Fifty-four terrapins recovered from a derelict crab pot. Forty-nine were found dead and four were 

released back into the marsh. 
©Shannon Alexander, Bay Country Kayaking, Williamsburg, Virginia. 
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Figure 15. Forty-nine dead terrapins recovered from a derelict crab pot. 

© Shannon Alexander, Bay Country Kayaking, Maryland. 

 
Crabbers have been observed emptying crab pots in Jamaica Bay, NY with terrapin carcasses 
washing up on shorelines shortly after (R. Burke, pers. comm. 2015). Locals in Jamaica Bay, NY 
have observed crabbers using fyke nets, producing similar results (R. Burke pers. comm. 2015). 
 
During April and May, 2015 there were at least three cases of reported cases of mass die-offs in 
terrapins in DE, NY, and MA. In April 2015, 39 dead terrapins were found on one beach in 
Rehoboth Bay, DE (Northeast Wildlife Disease Cooperative 2015). The DE DNREC could only 
send one specimen for analysis. /ƻǊƴŜƭƭΩǎ !ƴƛƳŀƭ IŜŀƭǘƘ 5ƛŀƎƴostic Laboratory could not 
determine the cause of death (Northeast Wildlife Disease Cooperative 2015). The second case 
occurred in Long Island, NY, where more than 100 terrapins washed ashore on Jamesport and 
Flanders Bay Beaches (inclusive of Simmons Point and Iron Point sandbar) starting in April and 
into May 2015. There were shellfish closures in the area due to saxitoxin during this time 
period. Lab testing for saxitoxin from terrapins of Flanders Bay was inconclusive, but suggested 
saxitoxin was present. The evidence suggested that terrapins were poisoned; but the saxitoxin 
present in the terrapin stomach contents could mean that the contaminated contents were 
ingested shortly before death, and not that the terrapins died from the toxin itself (Northeast 
Wildlife Disease Cooperative 2015). From this event 76 adult terrapins (live) were taken in by 
the Turtle Rescue of the Hamptons (NY), but it is unknown whether these turtle survived. 
Additional analysis is currently being conducted and pending results may provide important 
data to better characterize the role of the algal bloom in this terrapin mass mortality event.   
 
In Wellfleet Bay on Cape Cod, MA, 70 terrapins washed up on beaches from mid-April 2015 
(with more washing in), when water temperature was still in the mid-40s degrees Fahrenheit. 
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When the first few terrapins were found, surveys of beaches and shorelines around Wellfleet 
Harbor were conducted with many terrapins still alive, but lethargic and unable to swim. It was 
unlikely that these terrapins were foraging as they were just coming out of brumation; with 
some still covered in mud (B. Brennessel, pers. comm. 2015). In total of 88 terrapins washed up 
with half ǿŜǊŜ ŀƭƛǾŜ ŀƴŘ άŎƻƭŘ-ǎǘǳƴƴŜŘΣέ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ƘŀƭŦ ǿŜǊŜ ŘŜŀŘΦ ¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ 
terrapins found were females, 76 of the 88 total terrapins (Northeast Wildlife Disease 
Cooperative 2015). Research in MA, believed it was cold-stun event (B. Brennessel, pers. comm. 
2015). The terrapins may have come out of brumation before they were physiologically ready 
as their platelet count was extremely low (Northeast Wildlife Disease Cooperative 2015). 
Platelet counts become low during hibernation, but return to normal before terrapins emerge 
in the spring. The terrapins may have come out of brumation before they were physiologically 
ready potentially due to a number of environmental conditions (Northeast Wildlife Disease 
Cooperative 2015). The winter of 2014 was mild, followed by a particularly cold February. Ice 
may have formed too quickly and there were large amounts of ice in the creeks and the bay, 
which may have hurt or disrupted the terrapins during brumation. The ice may have also 
increased the salinity and possibly led to dehydration (many of the cold-stunned terrapins were 
extremely dehydrated). Terrapins may have experienced shock in the spring as the shallow 
creeks were warm, but the open bays were still very cold. The spring of 2015 was late and quick 
and could have caused these water temperature differences (Northeast Wildlife Disease 
Cooperative 2015). 
 
In September and October 2014, at least two cases of mass die-offs occurred in NJ and MD, 
respectively, but no determinations could be made as terrapins were not collected for 
necropsies and no information regarding any cause was provided. In September 2014, 
approximately 12-20 terrapins were reported as dead/washed up on MoorŜΩǎ .ŜŀŎƘΣ /ŀǇŜ aŀȅΣ 
NJ. In October 2014, anywhere from 50-70 to a couple hundred (no exact count determined) 
were reported to MD DNR as dead (floating) on or along the sandbar just north of Barren Island 
near Hooper's Island in an area called Swan Harbor in MD. The terrapins did not appear to be 
injured or damaged and the people that reported the dead terrapins reported no unusual 
events, such as boats, water color, dead fish or birds, fishing boats or nets, etc., in the area. 
Information on size was unavailable (S. Smith, MD DNR pers. comm. 2015). 
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THREAT ASSESSMENT 
 
The NE States partook in a Threat Assessment outlined by the NE Lexicon, which is a 
hierarchical Threat Classification System adopted by the IUCN threat classification system to 
classify and name threats. We therefore organized threats for terrapins under the broadest 
categorization including: Residential and Commercial Development (Habitat Loss), 
Transportation (Road Mortality), Transportation (Boat Strikes), Biological Resource Use 
(Fisheries), Biological Resource Use (Pet Trade Industry), Biological Resource Use (Illegal 
Markets), Human Intrusions and Disturbance, Natural System Modifications (Dredging), Natural 
System Modifications (Bulkheading), Pollution (Oil Spills), Climate Change and Severe Weather, 
Invasive and Other Problematic Species and Genes  (Invasive Plants). We added our own broad 
categories of Predation and Disease as well.  
 
Threats were then ranked by risk using the definitions provided by the NE Lexicon including: 
Severity, Reversibility, Immediacy, Spatial Extent, Certainty, and Likelihood. Each threat was 
considered under these risk definitions and rated as a Low Impact, Moderate Impact or High 
Impact (see Table 6). Determining priority threats was somewhat subjective as those that had 
the most High Impact rankings determined which threat should be considered priority for the 
state or the region. No weighted system was used to determine if one threat characteristic 
should be weighted higher than another.  
 

Table 6. Threat characteristics and categorical ratings. 

THREAT CHARACTERISTIC LOW IMPACT MODERATE IMPACT HIGH IMPACT 

Severity 
 

Slight Severity: Degree of 
ecological change is minor 

Moderate Severity: Degree of 
ecological change is substantial 

Severe: Degree of ecological 
change is major 

Reversibility (Consider the 
likelihood of reversing the 
impacts within 10 years) 

Reversible: Effects of the 
threat can be reversed by 

proven actions 

Reversible with difficulty: 
Effects of the threat may be 

reversed but costs or logistics 
make action impractical 

Irreversible: Effects of the 
threat are irreversible 

Immediacy (This characteristic 
assesses the time scale over 

which impacts of the threat will 
be observable.) 

Long-term: Effects of the 
threat are expected in 10-100 
years given known ecosystem 
interactions or compounding 

threats 

Near-term: Effects of the 
threat are expected within the 

next 1 - 10 years 

Immediate: Effects of the 
threat are immediately 

observable (current or existing) 

Spatial Extent (Consider impact 
of threat within 10 years) 

Localized: (<10%) A small 
portion of the habitat or 
population is negatively 
impacted by the threat. 

Dispersed or Patchy: (10-50%) 

Pervasive: (>50%) A large 
portion of the habitat or 
population is negatively 
impacted by the threat. 

Certainty 

Low Certainty: threat is poorly 
understood, data are 

insufficient, or the response to 
threat is poorly understood 

Moderate Certainty: some 
information describing the 

threat and ecological responses 
to it is available, but many 

questions remain 

High Certainty: Sufficient 
information about the threat 

and ecological responses to it is 
available 

Likelihood (Consider impact of 
the threat within 10 years) (This 
characteristic is used to assess 
the certainty surrounding the 

threat and its impacts.) 

Unlikely: Effects of the threat 
are unlikely to occur (less than 

30% chance) 

Likely: Effects of threat are 
likely to occur (30-99% chance) 

Occurring: Effects of the threat 
are already observable (100% 

chance) 
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The value of this comprehensive and strategic approach is the potential of the NE states to 
enhance interstate collaboration for habitat management and conservation (Crisfield and 
NEFWDTC 2013). To facilitate this collaboration, the states are using the NE Lexicon (used for all 
revised SWAPs), which will it make possible to classify the threats these species face, and 
conservation actions proposed to support their populations in a unified manner (Crisfield and 
NEFWDTC 2013). Understanding threat characteristics can help highlight opportunities for 
species and habitat management or protection. In addition, it may be possible to prioritize 
threats (and/or associated actions) for regional coordination if multiple states have identified 
them as pervasive, severe, and/or immediate. 
 
Priority threats were similar across the NE range with Habitat Loss and Predation identified as a 
priority threat in all eight states and both regional assessments (Table 7). Similar themes are 
seen within the NE states (MA through NY) with predation and climate change occurring in all 
four states and in the NE regional assessment. In the Mid-Atlantic states (NJ through VA), 
predation and habitat loss occurred in all four states and in the Mid-Atlantic regional 
assessment. The threat of fisheries was identified in all Mid-Atlantic states and the Mid-Atlantic 
regional assessment, except for DE. Fisheries are still considered a threat in DE, but were not 
identified as a priority threats during the threat assessment exercise. 
 

Table 7. Priority threats identified. 

 PRIORITY THREATS DETERMINED BY THREAT ASSESSMENT 

Northeast Predation, Habitat Loss (Nesting), Climate Change, Human Disturbance, Bulkheading 

Massachusetts Predation, Habitat Loss/Climate Change, Human Disturbance, Bulkheading 

Rhode Island Predation, Climate Change, Habitat Loss (Nesting), Road Mortality, Human Disturbance 

Connecticut Predation, Habitat Loss, Climate Change, Road Mortality, Pollution 

New York Habitat Loss, Climate Change, Predation, Road Mortality 

Mid-Atlantic Fisheries, Road mortality, Bulkheading/Shoreline Hardening, Habitat Loss, Predation 

New Jersey Fisheries, Bulkheading, Predation, Road Morality, Habitat Loss 

Delaware Bulkheading, Predation, Climate Change, Habitat Loss, Road Mortality 

Maryland Habitat Loss (Nesting), Predation, Fisheries, Habitat Loss (Terrestrial, Aquatic), Human Disturbance 

Virginia Fisheries, Habitat Loss (Beach), Climate Change, Predation 
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SPECIES DISTRIBUTION MODELING 
 
Various federal and state agencies, NGOs, conservation groups, researchers and other 
stakeholders across the NE and Mid-Atlantic have collected data on terrapins over many 
decades. As one major objective in the development of this Conservation Strategy, we have 
compiled and synthesized these data and used species distribution modeling to evaluate the 
probability of terrapin occurrence in coastal terrestrial habitats during nesting excursions within 
its known range in the NE. This modeling was conducted by Rutgers University (Dr. Brooke 
Maslo and Karen Leu) with occurrence data collected and compiled by CWFNJ. We demonstrate 
the utility of applying a composite, region-wide dataset to investigate conservation implications 
at the regional scale. We examine landscape-scale habitat characteristics influencing terrapin 
nest site selection and provide maps delineating probable suitable coastal habitat. This can be 
applied to a suite of conservation questions to identify priority conservation areas, assess 
regions of population vulnerability to current and future threats such as the threat of road 
mortality and climate change/sea-level rise, and to serve as a tool for conservation practitioners 
to develop management strategies.  
 
Methodology 
 

Occurrence data and study area 
 
Terrapin occurrence data spanning a 75-year period were gathered by 60 sources including 
federal and state agencies, non-governmental conservation groups, researchers and 
stakeholders across the Northeast and Mid-Atlantic U.S. An occurrence was defined as the 
confirmed sighting of a terrapin nesting, crossing a road, or in water. Occurrence data represent 
terrapin data within the Northeast Region and include MA, RI, CT, NY, NJ, DE, MD, and VA 
(Figure 16).  
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Figure 16. Map of confirmed terrapin occurrence points plotted on the study area. 

Occurrence points collected between 2000-2012 were extracted to maximize the accurate 
reflection of current distribution patterns. Points collected after 2012 were removed to avoid 
inconsistencies with environmental data resulting from landscape changes (e.g., flattened 
dunes, marshland inundation, altered tidal creeks) caused by Superstorm Sandy (October 29 - 
November 2, 2012). Environmental data portraying landscapes prior to Superstorm Sandy 
would not accurately reflect the habitat conditions selected by terrapins after the event.  
 
Because we wished to model probability of terrapin suitable coastal habitat (during nest 
excursions) across the landscape, points that fell in aquatic land cover types (i.e. bays, tidal 
creeks) when overlaid with the land use data were eliminated. We considered all remaining 
occurrence points to represent female terrapins approaching, utilizing, or leaving nesting areas. 
To mitigate bias from spatial autocorrelation, we spatially rarefied the points (Brown 2014), 
removing duplicate points and points that occur within 30 m of one another. The final dataset 
consisted of 1,611 occurrence points (Table 8). 
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Table 8. Number of occurrence points for each state in the study area. 

STATE 
# OF OCCURRENCE 

POINTS 

 
CT 

 
16 

DE 15 

MA 238 

MD 843 

NJ 161 

NY 51 

RI 3 

VA 284 

 
Total 

 
1,611 

 

The designated study area included all land and water within 15 km of the coastline from Cape 
Cod, MA to the VA-North Carolina border (approximately 23,150 km). This approach allowed 
inclusion of all marshlands accessible to terrapins via coastal waterways.  
 
Species distribution model 

 
Species distribution modeling is used to predict the probability of species occurrence across a 
study area based on environmental inputs that describe important habitat characteristics. The 
availability of geospatial landscape data, combined with comprehensive occurrence data, 
allows for the examination of species-habitat relationships through statistical modeling 
methods (Franklin 2009). We used maximum entropy modeling software (Maxent version 
3.3.3k) (Phillips et al. 2006) to predict the probability of occurrence for terrapins across the 
study area. Maxent has been applied to an assortment of conservation issues at varying 
geographic scales (Elith et al. 2011) and is advantageous for its relative ease of use and ability 
to generate robust results for presence-only input data. Since absence data were not included 
in the terrapin dataset (nor could true absences be confirmed), the data were considered 
presence-only. Given geographic occurrence points and a set of environmental variables, 
Maxent builds a predictive model using maximum likelihood algorithms to compare 
environmental conditions at locations without known species occurrence to the values at 
known input points (Elith et al. 2011). We assume no bias in the sampling of occurrence data 
but removed duplicate points from efforts in overlapping years to mitigate spatial 
autocorrelation; therefore, we assume equal probability of occurrence across the study area 
(Merow et al. 2013). We applied the Maxent default parameters and settings for the model, 
which have been shown to perform well for most models (Phillips and Dudík 2008). 

 
We tested the model using 10-fold cross-validation and evaluated the average area under the 
curve (AUC) scores from the runs. The AUC value is the sum of the area under the receiver 
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operating curve (ROC) for each model iteration; it ranges between 0 and 1, and is interpreted as 
an indicator of model fit, representing the probability that a presence location is ranked higher 
ǘƘŀƴ ŀ ǊŀƴŘƻƳ ōŀŎƪƎǊƻǳƴŘ Ǉƻƛƴǘ ƻŦ ǳƴƪƴƻǿƴ ǇǊŜǎŜƴŎŜΦ aƻŘŜƭǎ ǿƛǘƘ ŀƴ !¦/ ǎŎƻǊŜ җ лΦт ŀre 
considered to have good fit (Phillips and Dudík 2008). 

 
To examine the influence of individual predictors on the model, we analyzed the permutation 
importance and response curves for each predictor. The permutation importance indicates the 
predictor's explanatory power and is calculated as the drop in AUC resulting from the random 
ǇŜǊƳǳǘŀǘƛƻƴ ƻŦ ŜŀŎƘ ǇǊŜŘƛŎǘƻǊΩǎ ǾŀƭǳŜǎ ŀƎŀƛƴǎǘ ǘƘŜ ƳƻŘŜƭΩǎ ǘǊŀƛƴƛƴƎ Ǉƻƛƴǘǎ (Phillips 2006). To 
ascertain the range of habitat conditions that terrapins on nesting excursions select for, we 
examined the response curve for each predictor. The response curves plot the probability of 
species presence against all possible values of a predictor without the influence of the other 
variables. A probability of presence of 0.5 indicates that the predictive power of the variable is 
no better than random, while probabilities of presence > 0.5 represent a range of preferred 
values for that predictor. 

 
Maxent generates a continuous surface of values across the study area, where each cell value 
represents the probability of species occurrence (bounded by 0 and 1) relative to the predictor 
variables (Phillips and Dudík 2008). We applied the 10th percentile training presence threshold 
to define these values as either preferred or not preferred nesting habitat (Phillips and Dudík 
2008, Rödder et al. 2009, Maslo et al. 2015). This threshold designates that 90% of the data 
used in fitting the model will be included in determining preferred habitat, accounting for some 
error inherent in the data (Young et al. 2011).   
 
Environmental data 

 
We generated seven landscape-scale environmental predictors that likely influence probability 
of occurrence of terrapins on nesting excursions, using temporally relevant, and publicly 
available spatial datasets (Table 9).  



 
67 

 

Table 9. Model predictor variables and their sources. 

PREDICTOR VARIABLE 
 

DATA SOURCE TIME PERIOD OF DATA DESCRIPTION 

Land cover 
MRLC1 National Land 

Cover Database  (Homer 
et al., 2015) 

2011 
30-meter resolution land 

cover classifications 

Distance to estuarine 
emergent wetland 

Derived from land cover 
data 

- 
Euclidean distance (m) to 

nearest estuarine 
emergent wetland 

Area of emergent 
wetland 

Derived from land cover 
data 

- 
Area (m2) of estuarine 

emergent wetland within 
a 100-meter radius 

Elevation 
USGS National Elevation 

Dataset, 2000-2013 
2000-2013 

30-meter resolution digital 
elevation models 

Slope 
Derived from elevation 

data 
- 

Slope (% rise) calculated 
from elevation 

Shoreline type 
NOAA2 Environmental 

Sensitivity Index (NOAA, 
2014) 

1999-2014 
Classifies shorelines based 

on ESI ranking 

Distance to shoreline 
Derived from shoreline 

data 
- 

Euclidean distance (m) to 
nearest shoreline 

1: Multi-Resolution Land Characteristics Consortium; 2: National Oceanic and Atmospheric Administration 

 

We obtained land cover data from the National Land Cover Database (Homer et al., 2015) and 
collapsed them into 23 classifications (Table 10).  
 

Table 10. Land use classifications used in the land use variable for the species distribution model. 

LAND USE TYPES 

Developed, high intensity 
Developed, medium intensity 

Developed, low intensity 
Developed, open space 

Cultivated crops 
Pasture/hay 

Grassland/herbaceous 
Deciduous forest 
Evergreen forest 

Mixed forest 
Scrub/shrub 

Palustrine forested wetland 
Palustrine emergent wetland 
Estuarine forested wetland 

Estuarine scrub/shrub wetland 
Estuarine emergent wetland 

Unconsolidated shore 
Bare land 

Estuarine aquatic bed 
Palustrine aquatic bed 
Non-ocean open water 

Atlantic Ocean 
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LƳǇƻǊǘŀƴǘƭȅΣ ǿŜ ǎŜǇŀǊŀǘŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎŀǘŜƎƻǊȅ άƻǇŜƴ ǿŀǘŜǊΣέ which included all aquatic land 
ǳǎŜ ǘȅǇŜǎ ǎǳŎƘ ŀǎ ōŀȅǎ ŀƴŘ ǘƛŘŀƭ ŎǊŜŜƪǎΣ ƛƴǘƻ ǘǿƻ ŎŀǘŜƎƻǊƛŜǎΣ ά!ǘƭŀƴǘƛŎ hŎŜŀƴέ ŀƴŘ άƴƻƴ-ocean 
open waterΣέ to distinguish general characteristics such as salinity, tidal movements, and depth. 
To examine the importance of estuarine emergent wetlands on terrapin distribution, we 
calculated the area of estuarine emergent wetland within a 100-m radius using Fragstats 
(McGarigal et al. 2012). The 100-m neighborhood reflects the areal land coverage that terrapins 
would likely encounter after emerging from the water in search of nest sites (Burger and 
Montevecchi 1975, Roosenburg 1994, Roosenburg and Place 1994). We also measured the 
Euclidean distance to the nearest estuarine emergent wetland using ArcMap (ESRI 2014).  

 
We obtained digital elevation models for each state in our study area from the USGS National 
Elevation Dataset, and calculated the slope in percent rise from these elevation data. Elevation 
and slope have been cited as determinants of suitable terrapin nesting habitat (Burger and 
Montevecchi 1975, Palmer and Cordes 1988). Nests must be made at elevations sufficiently 
above the mean tide line to prevent inundation at high tides (Roosenburg and Place 1994, 
Butler et al. 2004). Shallow slopes facilitate the digging of nests and mitigates nest erosion and 
exposure (Burger and Montevecchi 1975). 

 
We obtained shoreline data from the bh!!Ωǎ Environmental Sensitivity Index maps (NOAA ESI 
2014), which classify shorelines based on shoreline composition (e.g. salt- and brackish-water 
marshes; exposed, solid man-made structures; coarse-grained sand beaches). Shoreline 
composition represents the accessibility of upland nesting sites to terrapins from the water. 
Natural shorelines facilitate upland movement across the land-aquatic interface, while hard 
structures such as bulkheads prevent terrapins from accessing land (Wnek 2010, Roosenburg et 
al. 2014). We condensed the original NOAA classifications into eight categories, grouping them 
based on broader composition categories and likelihood of terrapins successfully crossing them 
(Table 11).  
 

Table 11. Shoreline classifications used in the shoreline type variable for the species distribution model, 
condensed from original (NOAA ESI 2014) classifications. 

SHORELINE TYPES 

Hard, man-made structures 

Hard, natural structures 

Scarps and steep slopes in sand 

Beaches 

Gravel beaches 

Exposed tidal flats 

Vegetated/sheltered flatlands 

Marsh shores 

 

For shoreline segments consisting of more than one shoreline type (e.g. a shoreline composed 
of sand on the seaward front, and rocky shores landward), we first determined whether any of 
the shoreline compositions were "uncrossable" by terrapins (i.e. hard man-made structures, 
hard natural structures, or scarps and steep slopes in sand) and if so, we reclassified the 
segment as a singular shoreline of its respective "uncrossable" attribute. For example, a 
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shoreline classified as "fine-grained sand/ sheltered riprap / salt-water marsh" would be 
reclassified as simply "sheltered riprap". If none of the multiple shorelines were "uncrossable", 
we used the landward-most shoreline type because this attribute was most consistently 
present in the dataset. Since the original data from NOAA is in a line vector format, which has 
no width, we generated shoreline type zones by expanding the shoreline data perpendicularly 
by 300 m on either side, enough to capture the maximum distance that terrapins have been 
observed to travel to nest sites (Palmer and Cordes 1988, Roosenburg 1994, Feinberg and 
Burke 2003). An occurrence point falling within a shoreline zone would be assigned to the 
respective shoreline type. Though terrapins may not travel perpendicularly from the shoreline, 
we make the simplifying assumption that the nearest straight-line distance from the shoreline 
represents where an individual left the waterway. We also calculated the Euclidean distance to 
the nearest shoreline because suitable nesting habitat must be located within reachable 
distance from open water, but far enough up shore to avoid inundation at high tide (Burger and 
Montevecchi 1975). 

 
We used ArcMap 10.2.2 (ESRI 2014) to prepare environmental data for spatial modeling at a 30-
m resolution. We projected all geospatial data in Albers Equal Area Conic projection (WKID: 
102003) and clipped all data layers to the study area extent. For each predictor variable 
included in the model, we obtained the best available data for our study area and time period. 
 
Results 
 
The Maxent model performed well, with a mean AUC of 0.922 (±0.005; Phillips et al. 2006). 
Probabilities of terrapin occurrence within suitable coastal habitat ranged from 0.31 to 0.78 
(Figures 17-24). We calculated a total of 332,691 hectares of suitable coastal habitat within the 
study area. Suitable coastal habitat occurred along bay shorelines and estuarine creeks across 
the study area, with larger, more contiguous expanses located in areas such as, but not limited 
to, Wellfleet Harbor and Westport River (Figure 17) (MA); Mount Hope Bay (Figure 18), Point 
Judith Pond, Nockum Hill Wildlife Refuge, and Quonochontaug Pond (RI); Little Narragansett 
Bay (RI)/Fishers Island Sound (Figure 19)(CT), and much of the CT coast of Long Island Sound; 
Smithtown Bay, Peconic Bay, Shinnecock Bay (Figure 20), and Jamaica Bay (NY); Arthur Kill, 
Navesink River (Figure 21), Shark River, Barnegat Bay, Great Egg Harbor Bay (NJ), much of the 
coastal marshland in southern NJ and the NJ shore of the Delaware Bay; Rehoboth and Indian 
River Bays (Figure 22) (DE), several tributaries on the eastern side of Chesapeake Bay, Smith 
Island, and Martin National Wildlife Refuge (Figure 23) (MD); along the southern shore of 
Potomac River, Ingram Bay (Figure 24), Rappahannock River, and marshlands along the 
northern coast of Virginia Beach (VA). 
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Figure 17. Westport River, Massachusetts. This area is a potential focal area for terrapin surveys as there is some 

documented terrapin occurrence, and the model predicts there are areas of contiguous habitat and high 
probability of occurrence. 
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Figure 18. Mt. Hope Bay, Rhode Island. This area is a potential focal area for terrapin surveys as the model 

predicts there are areas of contiguous habitat and high probability of occurrence. 
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Figure 19. Little Narragansett Bay, Rhode IslandκCƛǎƘŜǊΩǎ LǎƭŀƴŘ {ƻǳƴŘΣ Connecticut. This area is a potential focal 

area for terrapin surveys as there is some documented terrapin occurrence, and the model predicts there are 
areas of contiguous habitat and high probability of occurrence. 
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Figure 20. Shinnecock Bay, New York. This area is a potential focal area for terrapin surveys as there is some 

documented terrapin occurrence in the surrounding areas, and the model predicts there are areas of contiguous 
habitat and high probability of occurrence. 
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Figure 21. Navesink River, New Jersey. This area is a potential focal area for terrapin surveys as there is some 

documented terrapin occurrence; and the model predicts there are areas of contiguous habitat and high 
probability of occurrence. 
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Figure 22. Rehoboth Bay, Delaware. This area is a potential focal area for terrapin surveys as there is some 

documented terrapin occurrence; however, the model predicts there are areas of contiguous habitat and high 
probability of occurrence. 
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Figure 23. Martin NWR, Maryland. This area is a potential focal area for terrapin surveys as there is documented 

terrapin occurrence, and the model predicts there are areas of contiguous habitat and high probability of 
occurrence. There may other areas within the Martin NWR and Smith Island that is suitable. 


















































































































































