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EXECUTIVE SUMMARY

Northern diamondback terrapirMalaclemys terrapin terrapin(terrapin) populations have declined due to a

ydzYo SN 2F FILOG2N&BR aAyOS (4KS SINIeé mMpnnQadad | AaG§2NRAO O2Y
recreational crab pots, increased nest failure due to predation from raccoons and other subsidized predators

road mortality have been the primary causations for population decline (Brennessel n.d.). lllegal harvest and trade

in the Asian food market§oth domestic and abroad may also be a major threat.

The terrapinhas been identified as a Species of Greatest Conservation ($€&@N)n the NESWAPsThe terrapin

is found in eight states of the Northset /mid-Atlantic regions and isonsidered Thre®ned in MA, Endangered in

Rl andSpecial Concern in CIh OEQ @NVAR the species is considered a Tier | speaidsch is most in need of

conservation action in order to sustain or regdheir populations. In VAANAR the species is considered a iTie

Il Species of Grémst Conservation Need. In NY and Mi® species is identified in their respect8d/AP, but with

no priority ranking given. InYand CThe terrapinis identified as an S3Vunerable species and in MDG Qa¢ 'y { n
Apparently Securspecies. NatureServe lists the Global Statuthe terrapinas T4Apparently Securdn NJthe

terrapin is a commercial marine species and identified in the SWAP as species of greatest conservation need

[SGCN]

The specis has been identified by the NEartners in Amphibian and Reptile Conservation (NEPARC) as a species of
regiond conservation concern in the NEnphibian and Reptile Species of Regional Responsibility and

I 2YyaASNBI GA2Y [ 2y OSNY wSL}R2 NI | ESWVAPndF Uyt RDBY didgiukonisp 2 2 F &
within the NERegion of North America (NEPARC 2010). Therr@8) &80 suggested that the terrapimerits a

federal listing asessment. There is no specifedéral program/policy for the terrapiand state programs rarely

coordinate regioal efforts in the absence of aderal mandate (Hackney 2010).

A regional Conservationrategy is needed at this time to identify steps that can be taken regionally and by state
to reduce further decline of tis species and to help achieve letegm sustainability of the terrapipopulation in

the Northeast and mighitlanticregions. To pursue a regional Conservatitratggy, existing data must be

compiled and evaluated by state and regionally from a numbgaofhers and organizations. This proposal
represents the first major effort of the DTWG to take a comprehensive vieheastatus of the terrapiin the
Northeast and midAtlantic regions. In 2008, the (mistlantic) DTWG meeting identified the developneha
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 Conservatitrat8gy will help guide and coordinate multipgtate laws

and policies to protectite terrapinand its habitat and may reduce the need for a Federal listing assessment (as
was also suggested by Hackn210]).
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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 existingccurrencedata, develop maps and show trendgdistribution and

habitat, and identify the most important focal aretsthe species; b) Compileharacterize and
rank threats within states and regiomgl c) Draft the Conservationr&tegy with developed
strategic conservaon actions fronthe eight Natheast and MidAtlantic states as described in

the DOCUMENTED TERRAPIN OCCURRENCE OF THE Ns@RIidHEAST

TheCamserve Wildlife Foundation of New Jerséy. (CWFN#)ok the lead in coordination
between the states/partners and organized meeting(shédp foster a collaborative process

and conservation strategy. The CWFNJ collected, analyzed, and interpretedwédgodata, in
partnership with the DTW@Gvhich represents all states where the species occurs irNtGe
multiple NGOs, and other partnefssted in Appendix A). The CWFNJ compiled GIS maps with
the data collected for occurrences and areas of important habitat. The CWiENskate

partners and members of the DTW¢dnducted a threat assessment and developed strategic
conservation actionsof 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 @n 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 assistandeom key players of the Diamondback Terrapin Working GemgpRCN
committee members.

PURPOSE AND GEOGRAPHIC SCOPE OF THIS STRATEGY

This Caservation Strategy synthesizes conservation needs acrosotstal NEange,MAto
VA,SGCINthe Northern Diamondback Terrapin. TRERCN Grant Prografunded 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 occurrespecies 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 Strategyntended to serve as an integrated resource for
biologists, land managers, regulators, and others seeking to conserve terrapins and to focus
conservatbn actions within the NBWVhile we recognize that terrapin protection in the
remainder of the range igery important, this document only provides cursamjormation

about the NETerrapin conservation actions in other states are strongly encouraged, and
paralletplanning documents may be warranted.



RELATIONSHIP OF THIS ETGRATOTATE WILDOFE ACTIONS PLANS

For this Conservation Strategy, the N&tess partook in a Threat Assessment outlined by the
Northeast Lexicon, which is a hierarchi€hleat Classification Systeadopted by thd UCN
threat classification system to classify and naimeats and also the system that is being used
for the 2015 revisions of the NE SWAPs. We therefore organized threats for terrageerste
broadest categoriescluding: Residential and Commercial Development, Transportation,
Biological Resource Use,Han 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 asheslirategic
Conservation Acties developed for this Conservation Strateghich were derived from
conducting the Threat Assessmentainly followed the format of the Northeast Lexicas well
and the format that islsobeing used for the 2015 revisions of the NE SWEBS:ntiallyor
future revisions of the NEWAPS, this Conseriat Strategy may be referenced or used
directly for state poposed conservation actions.



LIFE HISTORY AND DEMOGRAPHICS

The diamondback terrapirMalaclemys terrapihis a turtle in the family Emydidathe group

of pond or marsh tttles occurring in the Westerndthisphere. It occurs along the U.S. Atlantic
coastlne from Cape Cod, Mgouth to the Gulf of Mexic€Roosenburg 1994, Hart and Lee
2006)and is the only specseof turtle in the USA that exclusively inhalidrackish water. Seven
subspecies of diamondback terrapin are currently delineated; however, recent genetic analyses
suggest only four subspecies eXidtart et al. 2014)The northernmost ranging subspeciss

the Northern diamondbackerrapin (Malaclemys terrapin terrapin(terrapin), which occurs

along the NEand midAtlantic coast of the U.S. from Cape Cod $éuth to Cape Hatteras,

North Carolina (Ernst et al., 1994).

Terrapins spend much of their lives in open bays and tidalsewhere 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 J@Boosenburg 1991, Feinberg and Burke 2003) the nesting
season extends from April to September for the southern subspé€Seigel 1988 Zimmerman
1992) Terrapins prefer nesting in areas with either little vegetation or very sparse vegetation,
rather than areas healy covered with it (Williamso2011), preferably uplad and sandy areas
(Hart and Le006). An ideal nesting habitat would includarrow strips of sand between
estuarinewater and a marsh (Hart and L2606). Females have also been observed to prefer
cleaner areaso littered ones (Schol2006).Terrapins exhibit nest site fidelity and typically
have small home ranges within their pdptions(Burger 1977, Roosenburg 1991, Spivey 1993,
Gibbons et al. 2001, Butler 2002, Sheridan et al. 20i®yever, exceptions have been
documented, including one individual terrapin returnib®.5 km to its original tagginlocation
after being displaced by a fisherm&pivey 1993and two others that were caught > 8 km
away from their original release locations over multiple yd&tseridan et al. 2010)

Terrapins like other turtles, groand 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) notedhat some terapins mature later- between eight and thirteelyears for females

(as cited in Szerlag 2006) and between four and seversj@amales (Roosenlyg 1996 as

cited in Wnek 2014and observed in MAB. Brennessel, Wheaton Collegeys. comm. Q16).

The typical size for aegg laying female in NgJ 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 atel/&tmhi 1975).
Terrapins have been observed layindeatst two clutches in NNew YorKNY), and MA

(Szerlag 2006, Feinberg and Burke 2003gAagd Giovannone 1979). In oh&study, clutch

sizes averaged 9.76 and ranged from 4 to 18 eggs (BurgeMamitvecchi B75) while in

another NXtudy the average clutch was 12.7 eggs in situ (Wnek 2014). This is not markedly
different from clutch sizes measurednearby states: 10.9 in N¥einberg and Burke 2003) and
13.2 in MarylandMD) (Roosenburg 1991).



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 Outerb@itige Zhey will remain

there until February or March the following year (Yearicks et al. 1981, Seigebad2#éd in
Outerbridge 2013). In MAthe earliest observed emergence is typically in ABriBrennessel

pers. comm. 2016)errapins may hibernat& 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 Mhere terrapins were documented in the intertidal zone or the

upper limit of he tides in the bankside, or at the bottom of the salt marsh creek 1.5t0 2.5 m
deep at low tides (Yearicks et al. 1981 as cited in Palmer and CordesT€88ppins have been
found stacked on top of each other in just a few feet of water during low thlgmg

hibernation (Brennessel 2006lhis 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 demogaphy 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 20/K).Feinbergand Buke (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. (2984 found

a67% predation rate from Norwayts (Rattus norvegics) 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 20BBode IslandRl).

Adult survival rate waesalculated for females at 94.4% to 95.9% (model averaged estimates)
(Mitro 2003- RI).



STATU®F THE TERRAPIN IN THE NORTHEAST

Terrapins face a suite of anthropage threats across the NEcluding but not limited to,

habitat loss, predation, fisheries issuge. overharvest, mortality in abandoned crab pots and
other fishing gear)road mortality, recreational boating, and skavel rise. The available
habitat for terrapins has been severely impacted by the rapidhoization of estuaries, which
has reduced marsh habitat availability and qualiter and Burke 2008 oastal development,
particularly the installation of hardtructures for shoreline stabilization, prevents terrapins
from accessing nesting habit@tVnek 2010, Roosenburg et al. 20340 causes individuals to
travel farther distances in search of suitable locations from which to access land, potentially
reducing fitness due to greater energy expendit(Méinters 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 groun@@oosenburg 1994Roadides act as ecological traps,

mimicking the elevated, sandy terrain of natural nestirapitat. In southern NJ4,020 terrapins
wereKkilled on just six roads over sevgears(\Wood and Herlands 1997gnd 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 populaterel impacts on this lonrtived species,

which experience delayed sexual maturity and high hatchling mortality(fetesco 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) estimate®B%b of a
population in MarylandMD)drowned in crab pots in one year, and mortality was repditie
approach 100% in NWood1997). Whereas mature females are disproportionately at riskrfro
vehicular strikes, crab pots predominantly threaten smaller males and juvenile females that can
more easily enter the trap@ishop 1983, Wood 1997, Harden and Williard 2012)

Humansubsidized predators, such as raccooRsocyon lotoy, crows Corvusspp.), and red

foxes Yulpes vulpegrey heavily on eggs and hatchlings. Predation, particularly by raccoons,
has been cited for up to 70% of nest mortalitythe Patuxent River, MRoosenburg and Place
1994) and 92% in Jamaica Bay, (fFéinberg 2004)with most depredations ocetingwithin 48
hours of ovipositior(Burger 1977, Butler et al. 2008redaion rates increasavith nest density
(Roosenburg and Place 1994jhd the loss onesting 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 gality (Burger and Garber 1995, Gibbons et al. 20@1en where
morality does not occur, collisions with boat propellers cause major damagdeetoarapace

and loss of limbgSornborger et al. 1994, Cda et al. 2008, Lester et al. 2018arger

individuals are more susceptible to inj@ecala et al. 2008placing an additional selective
pressure on mature females.



In addition to the major threats detailed above, terrapins are also impacted by the rapid
urbanization of estuaries, which has reduced marsh habitat availabiidyquality(Ner and

Burke 2008)Coastal development, particularly the installation of hard structures for shoreline
stabilization, prevents terrapins from accaggnesting habita{\Wnek 2010, Roosenburg et al.
2014)and causes individuals to travelrther distances in search of suitable locations from
which to access lan@énd may increase risk of predation due to exposiknters et al. 2015)
Climate change only exacerbates these threats.

Terrapins face simitahreats across the N@&nd thar entire range), making examinations of

their populations beyond the typical constraints of administrative and political boundaries
necessaryButler et al. 2006, Neand Burke 2008)Conservation efforts and research for
terrapins are typically conducted at the local so@erger and Montevecchi 1975, Hurd et al.
1979, Gibbons et a2001,Feinberg and Burke 2003zerlag and McRert 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 scal¢Poiani et al. 2000Bpvey 1993, Sheridan et al. 2010 offset the effect of
disturbed habitat, habitat restoration or reserve creation must also be implemented at a much
larger size than the disturbed pat¢Roiani et al. 2000} goal that may only be feasible at

larger scales. Manageent acrosstate boundaries iseeded 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 mortéddgn threatssummarized
abovecombined with limited information on population dynamics have prompted conservation
attention and proposal$or protective regulations. Terrapiree currently listed under

Appendix Il ofhe Convention on International Trade Endangered Species of Wild Fauna &
Flora(CITESYollowing a 2013 proposal to afford the species protection from illegal harvest and
trade (CITEQ013 (seeCommercial Harvesection)In 2011, the International Union for
Conservation of Nature and Natural Res@as¢lUCN) recommended amending teeapin

status from near threatened to vulnerabl&errapns are however, Statkstedin MA

(Threatened), RI (Endangered), aBd(SpecialConcern)put are considered &GCNh all states
inthe NErom MA to VA(Table 1) Terrapins are also considered to be a game speci¥jriNJ,
andDEand still subject to harvegiTable 1) In NJ, terrapins are listed as a game species;
however, here has been a moratorium on a commertiatvest during thepenseasorof

2015 and 2016 (se&dministrative Order http://www.nj.gov/dep/docs/a0201602.pd}).

Currenty, thereisa hll (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 approve@ @hd now awaits further consideration

by the NBenate(see thenews releasdor further information)



http://www.nj.gov/dep/docs/ao2016-02.pdf
http://www.assemblydems.com/Article.asp?ArticleID=10988

Below are the current legal status and/or conservation statuterrapins from MA to VA

Tablel. Terrapin $atus inthe Northeast
CURRENT LEGAL and/or CONSERVATION STATUS
\EESEIIEEIE State listed as Threatened,

SWAP* species of greatest conservation need

SRS EREN State listed as Endangered,

SWAP* species of greatest conservation need

Connecticut Statelisted asspecies of special concefR015)
SWAP* species of greatest conservation need

Protected game species. SWAP*speoiegreatest conservation need
Commercial marine species. SWAP* specfageatest conservation nee

Delaware Protected game specieSWAP* species of greatest conservation need

Maryland SWAP* species of greatest conservation need

Virginia SWAP* species of greatest conservation need

*SWAP= STATE WILELACTION PLAN



DOCUMENTED TERRABIBCURRENGETHE NORTHEAST

TheCWFNJ collaborated witt0 partners including federal and state agenciR&G
conservation groups, researchers and academia,ahdr stakeholders across the MEd Mid
Atlantic U.Sto gather terrapin occurrence daf@ee Appendix Aor 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 wptdled from peefreviewed journals and
other reports for a total 060 sourceghat contributed to the NEegional terrapin occurrence
data set and GIS layékppendix A Thesedata representerrapins within the NE Region of
MA, RI, CT, NY, NJ, DE, MD, andndlare consistat with the known range of the dfthern
diamondback terapin, spanning from Cape Cod, MA south to thecWdstline (Figure 1)t
should be noted that terrapins may begsent in areas outside of the documentedcurrence,
but arenot currently studied or managedDescriptions of terrapin occurrencae provided
below for each individuadtate inareaswhereterrapins occur anére managed (varying
degree$. These are likelyot the only areas whergerrapinsoccurwithin the NE.
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Figurel. Documented terrapin acurrence inthe Northeast



Massachusetts

Massachusetts has approximatéy,163 acres didal marsh habitat (The Nature Conservancy
[TNC] n.d. Terrapinoccurrence has been documented in Barnstable, Plymouth and Bristol
countiesin MA (Figure 2) with documented concentratism Cape Cod Bay (Wellfleet,
Eastham, OrleanSandy NeclBarnstable), Buzzards Bay (Wareh&Bourne, Marion,

Dartmouth, Westportand TautorRiver Comprehensive research in MA hasurced for the

last 35 years oterrapin occurrence and local level threats by Don Lewis and Sue Wieber
Nourse(Cape Cod Consultants). Thepvided much of théollowing information on terrapins

in MA Terrapinsare managed by several organizati@msl researchersicluding thefederal

Cape Cod National Seashore, Massachusetts Aud@ape Cod Consultants, Wheaton College
(B.Brennessg| Sandy Neck Beach Park, among others.

Northern diamondback terrapin documented occurrence
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Figure2. Documented terrapin acurrence in Massachusetts
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Cape Cod Bay

Cape Cod Bay is a large bay, measuring 604 square(mi)ésom Marshto Provincetowm, MA.

It is enclosed by Cape Cod to the south and east, and Plymouth County, MA to trenadiésts
559 miof coastline (MA Executive Office of Energy and Environmental Affairs 2Cafa)Cod
Baypopulations (bay and oceansidieave escaped some of the heavieainan 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% snétlan other populations of1A (D. Lewis pers.
comm. 2015). Terrapins can be found on Cape Cod B&glifieet Bay (principally Wellfleet,
North Eastham) Wellfleet (Cape Cod National Seashore) North Eastham, Wellfleet/Eastham
Border (North) Eastham, Eastham/Orleans Border, Odeard Chatham (primarily oceanside),
Orleans/BrewsteBorder, Brewter (bayside) within the following estuaries/sites: Barnstable
Wellfleet Bay Herring River (Griffin & Great Islands), Great Beach Marshes, Duck Creek,
Chipman's Cove, Indian Neck (Fdarid Wildlife Management Area), Blackfish Creek,
Lieutenant Island, Loagy Bay, Fresh Brook Run, Wellfleet Bay Wildlife Sa(¢tBaws,)

Hatches Creek, Sunken Meadd®easant Bayprincipally oceanside Orleans, Chatham)
Henson's Cove, AreyPond,Hensa's Cove, Frostfish Cove, Lucy Pond, Pochet Island, Nauset
Beach, Sampson, Island, Hog Islabape Cod Bay Inner Elbow (Bayside BrewStézars-
Eastham; First Encounter Marsh (Herring River), Boat Meadow Creek, Rock Harbor, Little
Namskaket Creek, Nakeket Creek; and Barnstable Harbor (Barnstable).

Nesting occurs along the entire coastline of Wellfleet B&stingin Barnstable Harbor occurs

in dunes all along the souttacing coastline of Sandy Neck, the full expanse, yet it also occurs in
any samly spot, dirt road or driveway on the sou#fide, northfacing coastline where no

obstacles existThe 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 arde Narragansett Bay in Rl (MA Executive Office of Energy and
Environmental Affairs 2019. The coastline of BuzzardsyB@ncluding Wegtort) stretchover

350 miincluding the outer coast and harbor and estuary coastlines, and the bay facing coasts of
the Elizabeth Island8(1zzards Bay National Estuary Program 2(B@3zards Bay contains

5,000 acres of salt marsh, 10,500 acres of eefgbasls, and 5,000 acres of tidal flats (MA
Executive Office of Energy and Environmental Affairs B0Gdastal areas, especially on the
mainland side of Buzzards Bay, have been under human pressure (development) since the 17th
century resulting in loss afesting habitat (D. Lewjgers. comm2015). Coastal development

and hardening coastlines have destroyed much of the nesting habitat and degraded most of the
salt marsh nurseriesHaresting of terrapins and crab bgtchhasalso contributed to
depressedhopulations (D. Lewigers. comm2015). Compared to Cape Cod Bay, mainland
populations are very smalhd the numbes of terrapins in many estuaries arery lowand

these terrapingmay beclose to extirpation or have populations that have already been

extirpated (D. Lewipers. comm2015). Minimal population mixing among upper Barzis Bay
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populations/estuaries hmbeen documented (D. Lewisrs. comm2015). In Buzzards Bay
terrapins can be foundth Onset (Wareham), Wareham, Bourne, Bourne (Capesfdedf
Buzzards Bay), Poccaset & Cataumet (Cape Cod side of Buzzards Bay), WeebarBorder,
Marion, MarionMattapoisett Border, Mattapoissett, Fairhaven, New Bedford, Dartmouth,
Dartmouth/Westport Border, and Westport within the following estuarstés: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, M2oke, 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, &[lrRand ad Westport River.

Tauton River

The Taunton River, th&$t Heritage River in M/Astartsin Bridgewater before ending dflount
Hope Bay, which is part of Narragansett BRiMA Executive Office of Energy and
Environmental Affairs 2016dn Tauton Rivethere has been significantly pressure by human
development and loss of nesting habitat. This populatsolikelyvery lowand may be close to
extirpation (D. Lewis pers. comm. 2015@rrapins can be found in FreetownBgrkley and
Dighton within the stuaries/sites oAssonet Bay & Wescott Island.

Rhode Island

Rhode Islanthas approximately,583acres oftidal marsh habitat TNOn.d.). Terrapin

occurrence has been documented in Bristol, Kent and Wigsbim counties in RFigure 3), with

the largestconcentration/population in Nockum Hill/Hundred Acre Caatethe Doug Rayner

Wildlife Sanctuary in Barrington, RI, which is managed by the Barrington Land Conservation
Trust (BLCTBornborger 2015)he terrapin population in Barrington is considered thst
stronghold population for Rl (Brennessel 2006). Howewéh recentdocumented terrapin
concentrationdoundin the Palmer River estua($pornborger 2015which, like Hundred Acre
Cove, empties into the Barrington River befdreading to Narragansett Bayeviously

unknown terrapin occurrencegre being revealedAdditionally, newly identified sites in

Greenwich BayN. Karraker University oRI UR], pers. comm. 2014), along witlerrapin
occurrences scattered along thewgh shore of RI, have been documented by the workIBi
researchers (Schwartz 2013). Contributors of the data for Rl include members of the RI Natural
| Aad2NR {dzZNBSeQa owLbl {0 wL 5AFY2yRol O]l ¢SNNI
for terrapin data in the state.
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Figure3. Documented terrapin ecurrence in Rhode Island

DougRayne Wildlife Sanctuaryat Nockum Hill, Hundred Acre Cove

Figure4. Doug Rayner Wildlife Sanctuary

Doug Ryner Wildlife Sanctuary &75-acre
protected areaon asaltmarsh/uplandpeninsula
extending into the Barrington River and Hundred
Acre Cove estuangprnborger et all994). Terrapins
have been well studied in this area since at least
1990 (Bush and Ayer 1990 Sornborger et al. 1994,
Sornbager 2015. Terrapins inhabitdundred Acre
Cove and nest @lockum Hill (McClelland 2009)he
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majority of nesting at Nockum Hill occurs in several Aketiwn sandy areas and/or areas with
less than 50%egetation, including sandpit onéhe rear field, the point, and the meadow
(Goodwin 1994; Williamson 201 Fpr a list oterrapin studies at Nockum Hieehere.

Rl South Shore

I aYlFff ydzYoSNI 2F GSNNI LAY 200dzNNByOSa 2y wLQ
by URI researchers, includinginnapaug Pond\Napatree Point, Little Maschaug Pond,
Succotash Salt Marsh at Pt. Judith PaamtdPawcatuck River Estuary (Schwartz 2013).

OtherOccurrencsin RI

In 2015, asecondrelatively significant nesting site (potentially-35 nests per year) was found
at Rocky Hill School in Greenwich Bayn offshoot of Narragansett Bay.(Karraker pers
comm. 2014)0Other locations of terrapin sightings throughout Rl include Colt State Park
(Bristol, RI, withhe western border of the park open to the Narragansett B&gggeshall Cove
on the northwest section of Prudence Island in Narragansett Baysawvetal confirmed reports
of hatchling and adult terrapins sighted swimming in Greenwich Bay and Narragansett Bay
proper M. Schwartz, URpers. comm. 2016).

Connecticut

Connecticuhas over 85% of the tidal marshes in the Long Island Sound, apptekirbh& 000
acresin CT alonéHolst et al. 2003TNC n.d.) Terrapin occurrace has been documented in
Washington, New London, ifdlesex, New Haven, and Fairfielou@tiesin CT Eigure 3.

Terrapins can be found along much of CT shorelines,ieate&r numbers oterrapins can be
found in the salt marsh habitat to the west of the Connecticut Ri@ennecticut Department

of Energy and Environmental Protectid®T DEEP 20)5There are few organizatioratively
managing terrapins ICTThe CBE S LI NI YSYy G 2F 9y SNHE | (DEER)Y OA NBy
Wildlife Division monitored the species at several locations inl®@0s and continues to
coordinate research efforts for terrapin§oundVaters, anon-profit educational organization

for Long Island Soundbcuses on monitoringerrapins,protecting nests, and providing

outreach and educatianThe sites they have monitorédclude Cove Island Park (Stamford, CT),
Holly PondFairfield County)andin Norwalk CThear the NRG Energy Plant and Village Creek
neighborhood(Selditch 2011)Some studies have been conducted by Connecticiersities
including CTCollege (New London, CT) and the University of New Haven (West Haven, CT)
(Whitelaw and Zajac 2002andFairfield University (Fairfield, QQauthier et al. 2000).
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New York

New York potentially has 2,181 km of terrapin habitat, more than any other state iNEhand

may encompass 36% of total terrapin habitat between Cape Cod (MA) and the Delaware River
(NJ) (Browne et al. 2015).isestimated that NYas approximately#9,268acres oftidal marsh
habitat (TNCn.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 2008)8®014as cited in Browne et

al. 2015)Figure 5)Terrapin occurrence has been documented in Suffolk, Nassau, Queens,
Kings, HudsorandWestchester countie@igure 4). Teapinsare 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 (Brennessdl@0Terrapins occur at John F. Kennedy International
Airport (JFK Airport), while very few terrapins have been observed at LaGuardia Airport
(Flushing Bay, Queens, Nig)well (L. FrancoeiPort Authority of NY & Npers. comm2014).
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Figureb. Overview of tidal marshlands that provide potential terrapin habitat in New York.
Used with permission, Browne &dl. 2015 Terrapins are known to occur in Jamaica Bay, Oyster Bay, Mount Sinai
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some incigental sighting on Staten Island and Moriches Bay

Jamaca Bay/Jamaica Bay Wildlif&efuge

TheJamaica Bay Wildlife Refuge (JBVBRYer 9,000 acres eftuarine wildlife efuge located
at the southwestern corner dfong Islandn the boraighs of Queens and Brooklyn. The JBWR

consistsofonel@S A &afl yRX

wdzf S NI 3 severaNsmallér &lanfsOand nbush H y p

of the coastline of Jamaica Bay (Kanonik and Bubkd 2 The JBWR is part of federal Gateway
National Recreation Area (GNRA), managed by the NationalSeavicd NPS)which also
includes theGNRA in NJ (Sandy Hodkit). Hostra University (Dr. RuskBurke)and the

Jamaica Bay Terrapin Research Prdjaseextensivelynanagedi S NNJ LJA y &

2y wdzf SNJ

Hassoclsince 199&s well as some aspects of the terrapin management at the JFK Airpert
w dzf S Ngagulatiorlisedtimated to bel,200 resting females, Wile the JFK Aport is
suspected to be larger (R. Burke, Hofstra Univerpigys. comm. 2015)here has beea

decline in thenumber of terrapin nest$ (i

w dzf f®MNRKEgh of R, dests to 1,032 nests

per year (1999resent)(Burke and Francag 2014).

The main threats to the JamaiBaypopulations are salt marsh loss and nest predat{&n
Burke pers. comm. 2015Rraccoongredate about 92% of terrapin nests on Jamaica Bay

(Feinberg and Burke 20D3
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John F. Kennedy International Airport

¢ TheJFK Airporis located within Jamaica Bay
= andis built on about 5,000 acres fadrmer

salt marsh Theairport runway endsit JoCo
Marsh, the largest and healthiesaltmarsh
island remaining in Jamaica Bay (Burke and
Francoeur 2014)lerrapinsare managed by

~ the Port Authority of NY & N(L. Francoer,

\ Port Authority of NY & Ners. comm.

2014).Nesting datéhas beercollected since
Figure6. Terrapin on a runway athe JFKAirport.

2009 although there areeports of terrapins
being killed on the runways since at letist
year 2000Biologists monitor nestingcdivity,
tagterrapins and instaltorrugatedplastic

tubingto keep terrapirs off the runwayFigure 6) They havetagged2,426 at this siteo date
(Burke andrrancoeur 2014).

Oyster Bay/Oyster Bay National Wildlife Refuge

The Oyster Bay NWRart of thefederalLong IslandiNWRComplex on the north shore of Long
Island,is considered to have ond the largest populations derrapins on Long Island
Terrapins are common at Oyster Bay, particularly in the Frost Creek and Mill Neck Creek
secions(USFWS 20)3At Long Island UniversityC.W. PostDr. Matt Draud, formally
managederrapins inOyster BayMill Neck Creek, Centre Island BeaGlun Club Beagin
addition others outside the NWR including West Mead®sach, Flanders, and MéinaiHarbor
(Suffolk County).

Predation is amssue in some parts of OystBay. There is a high mortality rate on hatchlibgs
the Norway rat(Draud et al. 2004).

West Meadow Beach/West Meadowd/etlands Reserve

West Meadow Beadlivest MeadowWetlands Reservis a onemile stretch ofbeachwith 100
acres of nearby tidal salt marshes and wetlands, along West Meadow @reghkithtown Bay
in Stonybrook NY(Suffolk County§GEI 2013)Friends of Flax Porndanageterrapins in this
area. In the pasterrapin monitoring was conducted atdth West MeadowBeach and Flax
Pond(north of West Meadow Beach in Brookhaveimpwever, no terrapins have been
observednesting at Flax Pond since 2008 (surveye®22@L 1 andnone were observedno
surveys conducted i8012 2014) (N. Grantriends of Flax Pongders. comm. 2015).
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Middle Bay/Oceanside Marine Nature Study Area

The Oceanside Marine Naturtu8y Area consists of a Etre salimarsh bordered on the
south by Middle Bay, on the weky Bedell Creek, on the east bpnamed tidal vatersand on
the north byresidential developmentThe Town of Hempstead, through its Department of
Conseration and Waterways, developed this Marine Nature Study Afearapins are
managedoy the Town of Hempstead (Conservation Biologist M. FafNestpredation by
raccoonsoccursat this site (M. Farina, Town of Hempstepdrs.comm 2014).

Turtle Rescue Group of the Hamptons

Although the Turtle Rescue Group of the Hamptfmenglsland NYj does not manage

terrapins in their natural environmenthey are worth noting as they receive mamjured

terrapins each year from a variety of threats including; an unknown mass die off in Pecanic Bay
(approximately76 terrapinsin 2015, human abduction, human disturbance, dog attacks, road
strikes, boat strikes, entanglement in fishing line, predator atsankst disturbance from dock
construction(52 hatchlings in 2013 from one do&)dsomeunknowncausegK. Testa urtle

Rescue Groupfdhe Hamptonspers. comm. 2015).

New Jersey

New Jersey has approximatel®8,298 acres dfdal marsh habitat (TNC n.dljerrapins occur
in all coastal counties witbstuarine habitat in NgFigure 5), from Delaware Bay, the Atlantic
Coast, the tidal marshes of Raritan Bay, Newark Bay mottie lower Hackensack River,
Bergen CountyfFigure ¥, however the degree to which these areas are populated is largely
unknown, with the exception adfome longterm study sites in New Jersey suchrasouthern
Cape MayCounty by The Wetlands Institute (TWI) axsorth Sedge Island in Barnegat By
The Marine Academy of Technology and Environmental Science (MAViEX)2014).
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Figure7. Documented terrapin acurrence in New Jersey
HackensacliMeadowlands

The Hackensack Meadowlanai® located in northeastern Ndpproxmately seven miles west

of Manhattan, NYand five miles north of Newarkl] in Bergen andHudson ounties(USFWS

20159. TheHackensackeadowlands are in the lower Hackensack River drainage that flows

into the northern end of Newark Bayhe 8,400acre wetland area is the largest remaining

bracki$ wetland complex in the NYNJHarbor Estuar (USFWS 20158)errapins have been
observedin 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 Marin&ince 2009,ite NJ $orts & Exposition Authoritgformerlythe NJ
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Meadowlands Commissiphasbeen working with TWand MontclairUniversityin order to
determine poplation size and other informatioabout terrapin life history in this are&rom
20092013,1,250terrapinswere captured 1,024 were new captures and 2@0&re re-captures
(B. BraginNJ Sports & Exposition Authoripers. comm. 2016

Sandy Hook Unit Gateway National Recreation Area

The Sandy Hook Unit (SHUhis NJ portiorthe federal GNRATheSHU's al,700acre
peninsulaextending northinto Raritan Bay, Sandy Hook BaggdLower N¥YBay(Ner and Burke
2005) Terrapins have been documented nesting on the Raritansikeyof SHU at the only

areas that are not rip rappeédBattery Kingman, Battery Millthe Critcal Zone, Holly Forest
(SpermacetCowe), Skeleton Hill Island, Plum Island, and two sandy spit areas (Ner and Burke
2005 J. McArthuHeuser NPS SHers. comm. 2016 Through a yearound use closure to
recreational activities at Spermaceti Cove, as well as for thereakh and tidal creeks at
Horsesloe Cove,drrapins argpassivelynanagedas protection occurs for baysidgeciesn
aRRAGAZ2Y (G2 Fye LINBRIFGI2NI YIYF3SYSyd GKIFG 2 00dzN
Management Plan for beach nesting bi{#>S2007).Turtle crossing signs are also used
throughout the SHU (J. McArthitteuser pers. comm. 2016).

Barnegat BayComplex

The Barnegat Bay complex is compromisédpen water and tidal wetlands of Little Egg
Harbor, Manahakin Bay, and Baegat Bay in OceaBounty NJ It liesbetween the barrier
islands of Island Beach and Long Beach Isladdrenmainland from Point Pleast southto

Little Egg Harbor (7@iles) (USFWS 20160 he total terrapin population in Barnegat Bay is not
known; however, terrapinsdve been studied along the mainland and barrier island coasts i
salt marsh habitats from the federal Edwin B. Forsythe NWR (Forsythe, BafR¢gat Division
north to Cattus Island Park on the Silver Bay in Toms River. As a result of mark and recapture
studiesconducted by Drexel University (Pennsylvaaiad MATES®ver 5,300 individual

terrapins have been marked since 2005/ nek, MATESinpublished data). The population
along the southern end of Island Beach State Park is estimated at approxidid@ely 23

nesting female terrapins (North Sedge Island) &5 8 +/- 200 0f all terrapin capturedSpizzle
Creek) anqWnek2014).Extensive ranagement of terrapinsccursin this complexNorth

Sedge Island, Spizzle Creek and other al®ab)ATES undd?roject Terrapin A volunteer

group, Terrapin Nestingroject also manages nesting terrapios Long Beach Islarahd runs

a hatchery(a place where terrapin eggs from another location me@sportedin and then
incubated until they hatch). These arease usually protected from predators and other
disturbances.

Mullica River/Great Bay Estuary

The Mullica Riveféreat Bay estuang a large and fairly pristine estuary compiesouthern NJ
in Ocean and Atlaic counties,87 milessouth of New York Cignd 10 miles north of Atlantic
City, NJUSFWS 2015c)here are approximately 22,000 acres of salt marsh in this system
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Most of the saltmarsh to the east ofhe Garden State Parkwaywisthin the Forsythe NVRR
Great BayVildlife Management AredGBWMARNd Great Bay Natural Area (managed by the
NJ Division of Fish and Wildlife [NJDF@fMystic Island (owned biMJ Natural Lands Trust)
and others. The lower Mullica River and Great Bay fall within the JaCpeseauNational
Estuarine Research Reser(dCNERRNnanaged by NJDFW and Rutgers University). Terrapins
are found within both Great Bay and Mullica Rilg6FWS 2015d)errapins are managed by
CWEFNJ in this area, specifically on Great Bay Boulevéixdmile salt marsh access road
through theGBWMA CWRNJ monitorsesting activity and road artality on Great Bay
Boulevard. CWFNJ alpatrol roads when possible on Cedar Run Dock Rd. Weestk Dock Rd.,
Parkertown Dr.and Green S{between Tuckerton and Stafford Townshipcean County)
(CWFNJ 2015)

Southern New JersayCape May Peninsula

The Cape May Peninsutathe southern tip of Ndetween the NY Bight and [Hay within Cape
May Countylt iscomprisedof marine, estuarine, wetland, and upland habitats; barrier beaches
andback barriedlagoon systera on the Atlantic side, angeaches and mahes on the

Delaware Bay shorén total the Peninsula haapproximately69,000 acres of salt marsh
habitat (USFWS 2015d)he Wetlands Institute in Stone Harbor, NJ has been managing
terrapins inCape May County for over 25 years isohe of road patrols, installatioof barrier
fencingto reduce road mortality, headtarting terrapins, an extensive education program,
retrieval of derelict crab pots, and other efforfBhey have documented thousands of terrapins
killed by vehicles in along a-88ile transect from Stone Harbor to Strathmere thinee
causeways and roads along two barrier islands (S&#nisland and Sea Isl@he Wetlands
Institute also works with parters who document road mortality in Wildwood, and manage
roads (fencing) in Ocean City, Fdom 20062015,7,992adult female terrapinsverekilled,
averaging about 500 per yeanother organizationThe Margate Terrapin Rescue Projedtso
managegerrapins in southern NJBpecifically on Margate Boulevard Causestjantic

County) From 20092015 453 adult females road mortality were documenteathe
boulevardwith an average of 76 adult female terrapins killed per season (B. Dougherty
Margate Terapin Rescue Projegbers. comm2014 and Lull 2014).
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Delaware

Delawarehas approximately5,398acres otidal marsh habitat (TNC n.dJjhere are
approximatelyl 3,600 acresf tidal salt marsh{mostly fringing [smaller] marshes) the DE

Inland BaygTiner 2001,)with some extensive badsarrier marshes in Rehoboth Bay (Strange
2008) Terrapins are seen retarly along most of the DBayshore ad inland bay beaches as
well astidal creeksTerrapinoccurrence has been documenteda three counties in DENew
Castle, Kent, and Sussex counfieigure 8. Upper DEbeaches that were previouyskurveyed

to assess predation and human disturbamceterrapinsincludeCollins Beach in New Castle
County andBowers BeaclKitts Hummock, ¢t Mahon, Woodland Beach, and Pickering Beach
in Kent CountyLester and Suss 201@ther bayfront beaches in New Cas@ounty from
Smyrna River north to the C & D Canal (including Blackbird Creek, Peach House Ditch, Liston Pt.
and Cedar Swamp) wepgeviouslyassesseth 2006to documert terrapins nesting activity (or
presencéabsence)andthe extent ofPhragmitescowver on the beachR. MeadowsDE
Department of Natural Resoces and Environmental Control [DE DNREeQ. comm?2014)
However, mat of the terrapin data for DRas been reported during other projects, road
crossings, a nesting habitat creation study andeotbbservations.

@  Northern diamondback terrapin documented occurrence [4

Burlington

0 10 20

i X 53, 2|
£ Dorchester S8 1 e Kilometers

Wap created by: MDavenportYCWFNJ,
IApril 2372015)

[CONSERVE WILDLIFE

Figure8. Documented terrapin ecurrence in Delaware
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TheDE DNRE&Idressed high mortality on RouteCoastal Highwag, 4lane55 mph highway
through DESeashore State Par&knd added snow fencing in high roadkill areas. In an effort to
provide nesting habitat on the bayside of the ro@EDNREC anithe DE Department of
Transportation(DelDO7J created two new nesting siteheCenter for the Inland Bays (CIB)
Terrapin Edcation and Rescue Program (TEREYiously assisted DE DNREQdmapins

mainly for monitoring on or around Route 1 Coastal Highway from Dewey Beach to Bethany

Beach, and other areas in DEhe DEDNREC also took part in habitat restoration with
controlled burn of previously sprayed standRifiragmites taestore and improve terrapin
habitat in 2007 (R. Meadows pers. comm. 20T4yeats to terrapins in DiEclude predation
and human related activities (boating, vehgldardened shorelines with rigp) by limiting
recruitment and causing injury and death (Lester and Suss 2084)DE DNR@Reries sté
conducted a stugl that resulted in requiringHDs for recreational crab pots (Cole and Helser
2001). TheODNREC and DelDOT addressed an issue \nggh figrap trapping terrapins as they
tried to return to the DBBay. Turtle tunnels are being installed in the riprap along with sand
berms to guide the turtles to the tunne(sl. Niederriter, DE Division of Fish and Wildlife, pers.
comm. 2016).

Maryland

Marylandhas approximatel245,840 acresf tidal marsh habitat (TNC n.dlin the northern
ol&&d GKSNB INB FLIINREAYIFIGSte nwZpnn | ONBA
16,000 acres of salt marspenerallyalong the mainland shorelines oh8puxent, Newport,
and Chincoteague bayBlgil et al. 205). Terrapins are prevalent throughit the Chesapeake
Bayand the Eastern Shore of MDerrapin occurrence has been documentadthe western
shores of MDOn Anne ArundelPrince George's, Calve@harles, and St. Mary's Counti€n
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Figure9. Documented terrapin acurrence in Maryland
PatuxentRiver

The Pauxernt Rver is a major tributary to th€hesapeak8ay.Theriver originates in Frederick
County and then flowto the bay through seven other counties: Howard, Montgomery, Prince
George's, Anne Arundel, Charles, Calvert, and St. Mayyisties(Montgomery County
Department of Environmental Protecti®016). 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 implementinige Patuxent River Policy Plan (20W6)ich

provides a regulatory framework, batsoactions to preserve and restore the river, and
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outreach to raise awareness of the importance of the rfliR015) Dr. Willem Roosenburg
has studied terrapins otihe Patuxent Rivesince at least 1987 witB3,000 captures aiore
than 10,000 individuals (mostly adultpm 19872009(Roosenbur@016). However, predation
here is high by raccoon and fox. Other thteto this population includingast commercial
harvesting, mortality from fishing gear, and pollutibave led toa decrease in recruitment and
a dramatic decline ithe population(Roosenbur@016).

Poplar Island

Poplar Island, located in midhesapeake Bay in Talbot County, hasob®e a national modelfo
environmental restoration in whictiredged material was used to restore an island that was on
the brink of disappearing from the landscafD Environmentabervice 2016)The island was
reduced b about 5 acres by 1993, btitrough ongoing restorationthe island will be restored

to 1,715 acresround 2016 with uplands and intertidal wetland$e Poplar Island
Environmental Restoration Projeistleadby the U.SArmy Corps of Engineefd SACOKEMD
Environmental Science Ser® 2016) Terrapins began nesting on the restored islan®691
(Roosenburg et al. 2014)r. Willem Roosenburg has been monitoring terrapins here since at
least 2002 and has been providgte opportunity to study themissing years for

terrapinsé Nest survival and hatching success is laglthere is an absence of raccoon and fox
on the islandRoosenburg 2016Pverall nest survivorship has been found to be greater on
Poplar Island than the mainland sites due to the absence of these predatorse(foog et al.
2014).Dr. Roosenburg has been able to mknige numbers of hatchlings with the goal of
generaing accurate survival estimateBhere is an extensive headstart progranth terrapins
from Popular Islandor MD K12 students to observend sudy throughout the year
(Roosenburg 2016).

Various Locatias throughout theEastern Shorand the Chesapeake BayMaryland
Department of Natural Resourcddead Count Surveys

TheMaryland Department of Natural Resourcé4l) DNRwith partnersfrom the MD DTWG
(including the MD Coastal Bay Progrdrayconductedterrapin head count surveysince 2011.
Data from this survey is inputted into tiMaryland Amphibian & Reptile Atla®ver the last

four years, MD Coastal Bays Program has assistmhitucting 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 speciésough the headcourdurvey errapins

hawe been document throughduhe Chesapeake Bayhester Rier, Prospect Bay, Eastern

Bay, Poplar Islangnd on the Eastern Shoréssawoman Baontego Bay, St. Martin River,

Isle of Wight Bay, Sinepuxent Bayd Chincoteague Bdéyigure 10.
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Figure10. MD DNR headcount survegdations (20112014)

Specific sites for the headcount surveys include (in no particular oisspwoman Bay16th

St., Broome's IslanBatuxent, Buzzard's IslagdPatuxent, Chester RiveEastern Neck, Cox
Creek, EaglelarborPatuxent, Hell Hook Marsh, Herring Creek, Isle of Wight Bay, Jack's Bay
Patuxent, NoNam€reek, North Assawoman Bay, Shipping Gr8aekg Harbor, Warehouse
Creek, Washington Creek, Worlds End Creek, Wditdl Creebads, Worlds End Creélncle
Bils, Wroten IslaneCharles Creek, Wroten Islaibrth Cove, Wroten IslanNorth Point,

Wroten IslandNW Cove, Wroten lahd-East Side Channel, Wye East River, Bishopville Prong,
Charles Creek Mid, Charles Creek North, Grey's Creek, Holiday Inn Bay f@@kariatcham
Creek, Manklin Creek, Moccasin PpMuddy Creek, Parks Neck South, Parks Neck/Charles
Creek, Prospect Bay, Sinepuxent Wetla@iab Alley, Fishing Creek/Church Creek, Goodhand
Creek, Marlin Farms, Marshall's Creek, Marshy Creek, Mudak (amey Creek Rum Point,
Harris Creek, Hellen Creek, St. Leonard Creek, Rt. 90 Bridge, Sinepux@ntu@&iarbor South,
Sinepuxent Baynug Harbor North, Chincoteague Bay, Isle of Wight;Raysle of Wight Bay
B,and Thompson Creek

Summary of theJ.S. Geological Survélesearch ondrrapin in the Chesapeake Bay, 2002
2006

In 20022006, theU.S. Geological Survay§GpPatuxent Wildlife Research Center conducted a
series of research studies on therapin inthe MD Chesapeake Bayo document information
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on harvesting techniques and population structure of terrapins overwintering as groups within
hibernacula in the Bay, in 2062005, USGS conductadnter sampling at sevesites in the MD
upper and lower eastern shore and in the wess shores: St Jerome Creek, Smith Island, MD
(north and south), Janes Island, South Marsh Island, Bloodsworth Island, and Nanticoke River
(Haramis et al. 2011)n JuneAugust 2002, US@&Bnducted shoreline surveys for the
presence/absence of terrapirelated activities, primarily fagsing on potential nesting habitats.

A GPSocationfor any signs of terrapin recent or current activity were recorded at over 1300
stopovers, geographicallanging from north of the Bayrilge (Worton Creek) to Cedar Island
Wildlife Management Area inahgiers 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 tidaliv& | Yy R ONX S| &ittwas §ebréfétended Sa G A y
and dat wasrecorded in terms oflsoreline structures (e.g., ri@p), proximity to marsh,

housing developments, roads, agricuwhl field forest, etc.), anénvironmental conditions
(http://www.pwrc.usgs.gov/terapin/). In 2003, USGselected 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 28035, applying trapping and data

Al YLX AYy3a YSGK2Ra RS@St 2LISR T2NJ 5 NXduated @a Sy 6 dzZNH
the Patuxent River, USG8&t up twoadditional sites, Eastern Neck National Wildlife Refuge and
Glenn Martin NationbBWildlife Refuge to conduct a thregear mark recajure 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 compl@enry et al. 2016}or all studies, shells and
tissues were collected arglbmitted for genetic analysdsiart et al. 2014, Converse et al.

2015) Support for the fielavork was provided as result of special appeal by théeSiaMD

and the MDCongressional Delegation (22) and the USGR0022006).

OtherOccurrencein the Chesapeake Bay

In Balls Creek, Harris Creek, and the Choptinkr (Neavitte, MPresearch has been
conducted since 2009 by The Terrapin Institute anddirase tagged approximately 114
terrapins, 76 of which have been recaptured in tusequent seasons. The focusibé
TerrapinL y &  /mardgie@edtincludesrpserving nesting habitatiocumenting habitat use
andbehaviorl observation of adukand hatchlings

Virginia

Virginiahas approximatel204,148acresof tidal marsh habitat (TNC n.dTjerrapin occurrence

has been documented in Accomack aworthampton counties, which together compe the

Eastern Shore of VMore specifically, terrapinkave been documented throughout the barrier
islandseaside lagoon system located along the seaward fringe of the lower Delmarva Peninsula
as well as in inhe lower eastern half of the Chesapeake Bagyre 1].

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, Mathews, Gloucester, King William, York, James City, Charles City, Surry and
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Isle of Wight counties as well as in the cities of Newport News, Hampton, Poquoson, Suffolk,
Portsmauth and Virginia Beach (Figure)11

Curently there are no known sites in MAat are managed specifically foerrapins.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.Effecive July 1, 2016, new license fees for recreational crab pots will be instituted
that provide a monetary incentive to deploy pots wiilicatch reduction deves (BRD). The
annuallicense fee to deploy a maximum of 10 recreational pots with BRD will b8(aéd
$46.00without BRD(R. BoettcherVirginia Department of Game and Inland Fisheries [VDGIF],
pers. comm. 2016)
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Figurell Documented terrapin ecurrence in Virginia

Eastern Shore

Terrapins have been documentéaroughout the saltmarshes, 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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undevelopedand protected in perpetuityAs 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 inothe@é 2 y & 2 F (i K S MarédoveiNthetedary Qa NI y IS¢
managemenineasues in place for beachesting and migratoryaterbirds, whichalso benefit

terrapins including, predator managememtrea closuresand other policies thatinimize
humandisturbance(refer to the American Oystercatcher Working Greupventory of

predator management programs along the Atlantic Chast

The Nature Conservancy Virginia Coast Res@NEWCR) owns anghanages the majority of

VAQA OoF NNASNI AaftlyRad azail -inpdd nohdalSrgercialz (G KS LJdzo
recredional day use (i.eKHog, Cobb, Myrtle, Smith, Sandy, Rogue, Godwin and islamds,

and portions oMMetompkinand Cedarislands).Pets, motorized vehicles, camping and

campfires argrohibited on these islands at all times. The remaining-g\&=d islands (i.e.,

Parramore, Little Cobb, Ship Shaatl Reveldslands) arelosed to visitor use year round for

scientific research and theossible presence of live ordnandgditional information on VCR

island use policies can be found at:
http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/virginia/placeswepro
tect/virginia-coastreserve.xmil

The USFWS owns two barrier islands entirely (i.e., Assawoman and Fisherman islands) and

partially owns Assateague, Metompkin a@ddar isinds.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 arspslafid and can

be found athttp://www.fws.gov/refuge/Chincoteaguel/visit/beaches.htnffisherman Island

b2wX f20FG§SR 2y (KS a2dziK SYyR *ANHAYAI Q& 0 NN
(http://www.fws.gov/refuge/fisherman_islandy.

Wallops Island, which adjoins Assawoman Island to the north, is owned and managed by NASA

and is absed to the publicyearround. KS A &af I yYRQa 2 @u8riching @ity for &4 S NIJS ¢
rockets, drones, air baltms and other aerial vehicleBecause of the permanent infrastructure

present on the beach, it is the only barrier island that is partially hardened and undergoes sand
replenishment on an aseeded basis taJN2 § SO0 G KS AaflyRQa laaSia 7
and tidal inundation.

Wreck Island Natural Area Preserve is the only barrier island owned by the Commonwealth of
Virginia and is closed from April £§%Aug. 31. Mockhorn Island Wildlife Management #re

located on south end of the seaside lagoon system is a large marsh island with some sandy
shorelnes used by nesting terrapinBhe island is opened to the public year round and allows
leashed dogs, overnight camping and campfires. Camping opportuaiBesonfined tca very

small area on the islanayhich largely consists of lo@partinamarsh; thushuman disturbance

is minimal.The vast majority of theemainingseaside marshes are publicly owned and

managed byhe Virginia Marine Resources CommigasfgMR(.
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Many of the eastern Chesapeake Bay islaamtts marshesre pivately owned. Clump and Foxx
Islands are owned and managed by the Chesapeake Bay Foundation. Watts Island iamavned
managed by Blackwater NWR (R. Boettghens. comm. 2016).

Thereare 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 causewayrfD12 a
2013 with an average annual mortality of 90.5 terrapins (conservative estimate) on a 9 km
stretch of highway (Stone et al. 201@urrently, much of the efforts along the causeway
include the capture of nesting females, nest predation, and rnaclapture/demographics (M.
Stone, Kutztown University pers. comm. 20F83herman NWR is another area where high
road mortality was observed. Refuge stadiccessfully reduced the threat on Fisherman Island
by installing roadside barriers made of corrugated mypatong 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 Riverastinaries to Chesapeake Bay andthe eastern

shore of VA.Dr. Chambersnd his colleagues and students are investigating the utility and
efficacy of different desigs of BRDs'hey encourage BRD use on both recreational and
commercial pots placed in marsh, seagrass and other shala@r environments where

terrapins overlap with blue crali€allinectes sapidliisThey also consider the interactions

among nesting female terrapins, nest predators, and the invasive Btasgmites

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 theeesarctions owned by The
Nature Conservancy and DCR (R. Boettcher pers. comm. 2016).

Terrapin research also occurs on the western shores of the Chesapeake tBaybginia

Institute of Marine Science (VIM&)d the College of William and Maip.2011,Dr. Diane

Tulipanj aformerresearcher at VIM®rganized and conducted the firstadewide, volunteer

based survey for terrapin in VA, callédTerpSearchThe goal of the survey was record

whether or notterrapinsoccurredA Y & S S O (i SsRortloNds Chasap@ake Beyorder

to be able to povide effective management difireatsthat contribute to terrapin mortality in

VA. The survey was conducteddid Q& / KS&l LIS 1S .l& aK2NBfAyS:
NorthernNeck, but then also on the BEasn Shore along Accomack and Northampton counties.
S5NX ¢dzf ALI YAQa LINBGA2dza ¢2N)] G xLa{ F20dzaSR
ecology of terrapins, looking &elgrass4ostera marinaseed dispersdllulipani and Lipcius

2014)and addressing conservation issues facing terrapins to improsegiionin VA.Her

study siteswithin the southernChesapeake Bagpecifically théower York River, included

Catlett Islands (upriver), Goodwin Islands of @teesapeake Bay Natiortadtuarine Research
Reservaand Green Point, Perrin Creek, Allens Island, Browns Bay in southeastern Mobjack Bay,
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and Felgates Creek and Poquoson in southwestern ChesapeakerBaylipani is still currently
working on terrapins in th&ork Rivewith Rappahannock Community College

Additional research is conducted by VIMS by several reseegoh terrapins directly or threat
that impact their survivasuch by bycatch mortality in crab pdtwoughout the Clesapeake
Bay on the VA and MD, includibyg. Donna Bilkovic, KoAngstadt,and Robert Idell, all of
whom havecontributedto the development of thi€onservatiorStrategy.Their work is
disaussed and referenced throught this document.Tim Russella research scientist at the
College of William and Mawlso conducts teapin and GIS studies along the Western
Chesapeake Bay Gloucester, Mathewsand York conties
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THREASSUMMARY

Terrapins face a suite of anthropogenic threats across the Northeast including but not limited
to habitat loss, predation, fisheriassues (i.e. overharvest, mortality in abandoned crab pots
and other fishing gear), road mortality, recreatidtmating, and sedevel rise.The available
habitat for terrapins has been severely impacted by the rapid urbanization of estuaries, which
has educed marsh habitat availability and qualityer and Burke 2008)

Residential and Commercial Development (Habitat Loss)

Development along shorelines, coastsdanarshes fromesidential and commercial expansion
has caused loss of habitat argdthe number onéhreat to terrapin populations. Safharsh

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 harohg 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 reeBl{ragmites astralis), diminishing the suitability of the habitat

(Taylor 2008). Terrapins have lost areas for breeding, feeding, resting and hibernation with the
disappearance of satharshes (Brennessel 2006). Nesting habitat can be lost or altered from
shoreline arnoring suchbulkheading, revetment, ripraggroins 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 thecugrent of those structures, erosionill

increase on the dowscurrent 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 toalier popuations andsolated
resourcesmake 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 preidatioes
environment (Pfau and Rooskeurg2010).

Since the early 1800s approximately 39% of salt marshes have been lost throughout New
EnglandBromberg & Bertness 20D9Massachusetts has experienced a 41% loss imeakh
since 1777, while RI has lost approximately 53%, or 4,000 aames, 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 highrmarsh followed by the formation aghudflats and reductions of higlmarsh combined

with encroachment of the lownarsh. However, it should be noted that these changes are not
necessarily easily explained by natural or matural (humanrelated) causes (Smith 2009).

the NarragansetBay inRl, in a fortyyearperiodat the end of the 20 century, 548 acres of

tidal habitat were lost inclusive @06 acres of estuarine marsh and 205 acres ofvegetated
estuarine shoreline (Tiner et al. 200Byjomthe 1950s to the 1990s, the NarragansBty
Estuaryexperienced a net loss of 548 acres of tidal habR#ty percent of the estuarine marsh
was lost due to filling for upland developmeim.the Long Island Sound, approximately386

of the tidal wetlands were eliminated by development, Veetd filling and dredging. Most of
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these tidal wetlands are in CT and were lost because of previous insufficient tidal wetland
regulation(Long Island Sound Studi994 as cited in Holst et al. 2003 he Hackensack

Meadowlands, whiclextends into NY and NJ32% wagonverted to transportation and

communication facilities, a sports complex, land fill, industrial lands and open {Jater et al.

2002. Jamaica Bay (N8thoughrapidlydiminishing, is one of theost productiveand largest
ecosystems ithe NE (Kirchhoff et al. 2009). AImo86%o0f 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. uaban)Zikely
AYyTtdzSYOSR b, Qa4 NI LAR YI NARK f ZKichhoff ef & 2009.y i A y dzS
LY bw: 2@SN) TM: OoMnITHdg FONBaov 2F . I NyS3arda .|
shoreline protection efforts. Twentgight percei 2 ¥ . | NJ/ Snihishies had bée@ fost & I £
due to development (dredging and filling) and mosquito ditching and 45% has been

bulkheaded. Development in the Barnegat Bay watershed increased fre28%3rom 1972
1995(CRSSA 201@)he most recenstudy indicates that DE lost almost 5086re wetland

acreagegrom 19922007 compared td982-1992 with the primary causes of loss being

residential development and conversion to agricultural lanidgotal, DE has lost 54% of its

wetlands since the lat1700s DE Wethnds Status and Tren@916). For development and

agricultural purposes2.8 million acres of wetlands (25% of the original acreage) have been
converted or drained in MarylandAD DNR2016). Since 1990, the Chesapeake Bay watershed

has lostnearly 15,000 acres of wetland to residential and commercial development (Healy and
Hsieh 2014). Fortfwo acres of tidal wetlands have been lost due to pétad development

between 1993 an@003(Duhring 2004 as cited in VIMS 2010).

Transportation (Roadand Boats)
Roads

One major contributing factor of habitat loss is development (inclusive of roadways), which
increases the risk of terrapin road mortaliffoad mortality is female biased and targets adult
females who are nesting.he 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 pdpofaas Avissar (2006) found
significantly lower average carapace size and lower frequency of adult females when comparing
current datato 12 years prior in NDepending 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
amphibiansvhere there is a larger volume of traffic (Szerlag and McRobert 28G6hugh

outside of the Ng according to a study by Crawford et al. (2014), there was-80B®@ chance of

a terrapin occurring on the road within al®ur period around the diurnal higiide and within

the first 30 days of the #8ay 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 tl#é&f af the length of the entire
causewayCrawford et al2014).! & a K20 alLl2daé¢ NS ARSYGATFTASR
plans can subsequently be developed to focus higher efforts on those certain portions of
wetlands needing more protection than aths Szerlageggerand McRobert, 2007

Terrapin road mortality likely occurs on many coastal barrier island causeways or roads that
border salt marshes throughout the NBut goes undocumented.here are relatively few

studies that evaluated the local oegional 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 mortalitjRoute 1, a fourdane highwg in DE between Rehoboth
and Behany Beaches has been documented to have high terrapin mortality (Thompson 2005).
Despite management from road patrols, barrier tubing/fencisugd education by conservation
groups and volunteerselatively high numbers of road mortality continue to occu

For the last 10 years imorthern NJ, the Hackensack Riverkeepas 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 krtovgave the water for nesting
grounds. Over the last five years in Atlantic and Ocean Counties (NJ), CWFNJ and the Margate
Terrapin RescuBrojecthave managed terrapins along some roadwdayse average number

killed over the last five years (202D15) o1 Great Bay Boulevard arbile saltmarsh access

road in Ocean County, Tuckerton, NJ has been 32.4 turtles/year (B. Wurst pers. comm. 2015).
Previous studies on Great Bay Blvd fomearly 10% adult female terrapin road mortality (N =

53, and 51 terrapinggespectively) of the total terrapin occurrence thaasdocumented
(&erlag2006). 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 noéd (a
none at all in some years) so the mortality on this road is likely much higher (Hode&bbnd
2003,Szerlag 2006,z8rlag and McRobert 2006, CWF015). Other roads in Ocean County, NJ
(Cedar Run, West Creek, Parkertown, Green St.) and Atlantic GRantie 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 incidenitg by CWFNJ and volunteess, mortality is likely greater

on these roads (B. Wurst pers. comm. 31

In southern NJ (Cape May County), TWI has conducted an extensive management program on
terrapin road mortality for over 25 year§he Wetlands Institute has documented thousands of
terrapins killed by vehicles in along aBfle transect from Stone Harbor to Strathmere on

barrier island access causeways and roadways closest to the marsh on the barrier islands. From
2000-2015,7,992adult female terrapins were killed, averaging about 500 per year (TWI pers.
comm. 2015). In Atlantic County, from 20R015, he Margate Terrapin Rescue Projeets
documented 453 adult female killed on Margate Boulevard Causeway with an average of 76
adut 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 alo@fincotague Causeway
(Chincoteague Bay, Vi)2012 and 2013 with an average annual mortality of 90.5aj@ns
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(conservative estimate) on a 9 km stretch of highW@&ioneet al.2014). Currently, much of the
efforts along the causeway include the capture of megfemales, nest predation, and mark
recgpture/demographics (M. Stongers. 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 cultertdlow safe passageways
below the roadway may be an option on some roabiesting habitat can be created to

prevent terrapins from crossing major roadways (€t hlet Terrapin Enhancement Projdat

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[leesy and
Lewandowsk2012) However, by aplying standards and protocols for new roadways, allowing
for them to be designed with suchds as they are being created, it would h&dpalleviate the

more costly option of modification after roadway completion. An example of managing for
terrapins bebre roadways are built in the Northeast Regioa jsroject 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 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 roadssimgs 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).

Boas

Mortality and injuriego terrapinsfrom recreational boaters may have a detrimental effect on
their population (Lester et al. 2013 previous studies, 19.7% of female terrapid®7 of 1148
turtles) and 2.2% of male terrapind§ of 669 turtleshad scars from boat propellers in the
Chesapeak8ay, MD (Roosenburg 1991) and 10% of terrajiiéockum Hill/Hundred Acre
Cove, Barrington, RB¢rnborger and Rayner 1994)).more recent studie21% of terrapin
have scars indicating boat injurigsBarnegat Bay, NJJ. Wnek, MTES, pers. comm. 201%his
figure issimilar to the injury rate for specific locations in Barnegat Bdgrth Sedge Island
(15%), Spizzle Creek (13%) and Edwin B. Forsythe R&viRegat Division (11%-291/2,644
turtles) that haddocumented injuries attributed to boats (Lester, 2012, Lester et. al. 2013).
Injuries in adult females showed a significant increase over the years-@§ and larger
terrapins were prone to more injuries versus smaller terrapins (Lester 208&rlet 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 strikkeqsenburg 1991, Sornborger
and Rayner 1994). Additionaltgrrapins do not react (. 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).
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http://www.cooperativeconservationamerica.org/viewproject.asp?pid=385

Speed limits for recreational boatefsee 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).

ATTENTION
ALL BOATERS AND JET SKIERS
5 MPH - NO WAKE ZONES
(///

NO WAKE Z0ME AREAS NORTH END
OF 908 ACRE COVE

STRICTLY ENFORCED L
VIOLATORS WILL BE PROSECUTED
TOWN OF BARRINGTON HARBORMASTER

Figurel2. Boat signs for reduced speed litih sensitive in Barrington, Rhode Island

Biological Resource Use (Fisherlateractions)

One of the leading threats to the terrapintlwoughfisheriesinteractions, specifically as
bycatchin commercial stylerab pots, fyke nets, cloth funnel eel pots, and other fishing gear.

CSNNI LAY Y2NIUlIfAGe Ay O2YYSNOAFE adetS ONIoO

concerngGrosse et al. 2011Commercial style crab potse set for the blue @b fisheryand

for recreational purposes many areaslsoinhabited by the terrapinA recent study

conducted in VAstimated that of the suitable terrapin habitat surveyed, 21% was considered
vulnerable to crabbing pressuréBilkovic et al. 2014)lerrapinsare attracted to fishing bait

and can become trapped in fishing gear aasily drownTerrapirs can endure perids of
submergence undevater, but despite this ability, drowning occurs as survival can be
dependent on water temperaturegctivity level anderrapinsize(Baker et al. 2013)Terrapins
may make quickedives when the temperature is higheBgker et al. 2013)n 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 (Biaker et al. 2013 errapins may
drown in 2- 4 hoursat 20° C or greateMann 199% Roosenburg 2004s cited irBaker et al.
2013. This knowledg®en submergenceshouldbe 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 al®egal Chambers and Maerz

in press)Wood (1997) reporte@d 20% mortalityrate for terrapins captured in unmodified
commercial style crab pots checked twice daily. Higher mortality rates (up to 75%) were
observed when pots werehecked once a day (Wood 1997). thanly, 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 pr day (t/cp/d) to 0.8 t/cp/d while Roosenburg et al. (1997) estimated

0.17 terrapins/pottay. For the terrapin population Batuxent River, MPa25% 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 weaptared 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 crgiots (Roosenburg et al. 199Wood 1997Dorcas et al.
2007;Wolak et al. 2010Hoyle and Gibbons 200Grosse et al. 2011Modeling has shown that

if 12% of adults and juvenile are removed yearly it can lead to local population declines (Hart
1999 and Ayers 2010Commercial crab pots also disproportionately sitall 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 sungyidue to selection pressures on smaller
turtles (Dorcas et al. 200Grosse et al. 2011)

Derelict Crab Bts

5SNBfAOG ONI o6 LI (kérabddts) a Bst §r sghandofiedicrab patSirketéaiy
systemghat candamage sensitive areas (e.g. submerged aquatic vegetation, oyster beds) and
can capture terrapins, crabs and other species as bycatch until the trap is ret(\\8

2009) Organisms trapped in derelict crab pots can bea#d by poor water qualitysuccumb

to infections or disease or exposure, or die from starvation prediation (VIMS 2008)Derelict

crab pots can capture and drown terrapins. It is estimated tleaklict crabpots can continue
fishing for an average of2 years but possibly longeas they do no degrade quicklrthur et

al. 2014)

In the NEthe number of derelict crab pots is largely unknowmthe Chesapeake Bay (VA),
estimates are as high as 30% from 368,900 crab pots set anridalgrfs et al. 2008/IMS
2008)adding another 100,000 lost pots to the bay annually (Havens et. al Z0OSNIDFW

does not have a sound estimate on thember of crab pots used and/or inimation on

derelict potsfor NJ(B. Muffley, NJDFW, pers. comm. 20X®)wever, aecdotal evidence from
local fishermerestimatesthat 10%of potsare lost annuallyn NJ(J. Rizzo, independent
commercial crabber and on the New Jersey Marine Fisheriesoopers. 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 craiis 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-Bneat Bay Estuary

ObWO O6bh!! wHwnanmo FYR {GS@S 9@SNIz {G201G2y3x LIS
south to CedaRun (approximately 23.3 Knarea) and found 344 pots with a density of

approximately 40 pots/kr(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 th
survey work conducted and density of waterfront homes and marinas in the Toms River, with a
O2yaSNBI GAQPS SAaGAYIFGS 2F wn LRGAK]IYHI A0Qa Sa
crab pots in that system alone. In Barnegat Bay (NJ), CWFNJ, WsnE®uth 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 31pots assessedcientists undr this project estimate that 1,000+ derelict crab

pots will be recovered under this twygear program in Barnegat Bay (S. Egger, CWFNJ, pers.

comm. 2016). Stockton University will also build on previous work andlenitify and remove

over 1,000 derelictrab pots from ten coastal bays located from Tuckerton to OceanNity,

Despite the growing problem of derelict crab patfientimes, there are legal barriers

preventing the removal of abandoned or derelict traps by private citizens and/or local

commurity associations (Centeoff Coastal Resources Managem@008).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 patthat are registered for the Chesapeake Baprder 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 comfad with the greatest numbers coming from

l'YYS | Ndzy RSt onuyoX {IAydG al NBEQa o6neCityp s vdzSSy
(182), and Talbot (126panties. An addition&86 registrations came from Owff-State and

less than 100 registrationsdm other counties for the Chesapeake Bay. The MD DNR
ARSYUGAFAOFIGAR2Y VyYdzZYOSNI Aa 2y GKS LRG oy2id AYRA
This is beneficial as buoys can become severed from pots and if these pots are retrieved

through a progran cannot be returned to the particular individual if they are in fact still intact.

A high percentage of these registrations were completedio@. The permits are issued to the

address of where the individuals reside so it is possible that a perceataggabbing outside

of their county. It has been sugsted through the MD DTWG 2014ating that this online

LINEP OS&da aK2dzZ R AyOfdzRS AYyF2NXIFGA2Y 2y . w5Qa |
are required orrecreational potsThis may also be a rtted to request information on

enforcement so the effectiveness of the regulation can be measured.

Table 2 providessomeestimates of the number of pots that have been identified and retrieved
and some documentation of terrapins alive oradlewithin the potsn the NE However, this

only provides a snapshot of tmumber ofcrab pots that areactuallylost within certain estuary
systems, specifically the Chesapeake Bay (VA), and Great Bay and Barnegat Bays (NJ)
Furthermore the number of terapins caught alive or dead is not a reliable indicator of the
overall threat lost gear has to lod&rrapin populations.Terrapinshell fragments that are
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broken down may be lddbefore a pot is retrieved (B. Atkinson pers. comm. J0Bbts that
have keen pulled in these systems may not have been lost in terrapin habitat, but deeper
waters where terrapins and cralopinteractions are less likely
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Table2. Derelict crab pot retrieval and terrapin mortality

STATE/ESTUARY SIZE OF NUMBEROF ABANDONED  NUMBER OF TERRAPI SOURCE
AREA BLUE CRAB POTS IDENED  ALIVE (L) AND DEAD) (
SURVEYED () AND RETRIEVED (R AS DOCUMENTED
New Jersey Barnegat Bay 344 pots (1) Sullivan et al. 201Derelict crab trap identification and remove
O p None in Barnegat Bay, NJ (S1002/CE98212310). Barnegat Bay
Stouts Creek (north) to Cedar run (south) ’ 50 pots (R) Partnership Final Report. 29 pp.
P *Data collected in 2013
New Jersey Barnegat Bay Unavailable 315 (1) S. Egger pers. comm. 2016 (CWFNJ, MATES, Monmouth an
_ _ at current 4(D) Stockton Universities) _
Brick to Stafford Township - *Data collected Dec 2016April 2016 Most pots to date were
the time 388 (R) . . .
retrieved in deeper waters or directly on the marsh.
New Jersey Atkinson, B and Tedesco, L. 2014. Ghost trap recovery locati
1(L) and contents, 2012013.The Wetlands Institute, Stone Harboi
Great Sound, Scotch Bonnet Credknkins Sound, Mouth of - 54(R) New Jersey.
Dung Thorofare, Richardson Sound, Grassy Sound, Mulfor 53(D) *Datacollected in 2012 and 2013
Creek TWI 2014, 2015, 2016
Delavware
Accurate estimate not
; . E. Chalabalpers. comm. 2014
Inland Bays Estuary 60 kn? @100 (R) available, but some live *Datacollected in 2004, 2006, 2008 and 2011
and dead were observed
Indian River, Rehoboth and Little Assawoman Bays
Maryland/ Chesapeake Bay - @5,700 (R) - Newsletter,Center for Coastal Research Management 2010
Virginia / Chesapeake Bay
(2013) Chincoteague Bay (the Virginia portion), around Tang K.Angstadt pers. comm. 2014
Island, the lower York Rivesind the lower James River - 1,477 pots (R) 15 (D) F5F0F 02ttt SOGSR FTNBY Hnmo |
& LJ2 ¢ abandoned crab pots)
(2014) Same areas as 2013 and seaside Eastern Shore ang
lower Eastern ShoréCape Charles/Oyster) areas
Virginia / Chesapeake Bay Bilkovicet al. 2014. Derelict fishing gear in Chesapeake Bay,
1(A) Virginia:Spatial patterns and implications for marine fauna.
Tangier Island, Seaside, Eastern Shore, York River, Upper £ 47 (D) Marine Pollution Bulletin. 10 pp.
Potomac LR b SILERE 2B () *Data collected from 2002012 Individual derelict pots
and James River contained between 0 and 7 tempin. (83%, n = 39) were from
pots in shallowvaters (>2 m depth)
Virginia / Chesapeake Bay Havens et al. 2008. The Effects of Derelict Blue Crab Traps ¢
Marine Organisms in the Lower York River, Virginia. North
Area of Lower York River American Journal of Fisheries Management 28: £1980.
33.5 ki 6356676 pots (1) 1) *Data collected in 2006. Pots retrieved during the 28 2
Bilkovic et al. 2014 study
K. Angstadt pers. comm. 2014
Virginia / Chesapeake Bay 252 pots (1) K.Angstadt pers. comm. 2014
A a Uzl None *Data collected from 2002009
{F N KQa / NBS] 75 pots (R)
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Monetary loss from pots has been limited to tfeav available estimates of economic impact of
derelict crab pots in the NortheadEstimates of $304,000 (1% of the annual commercial blue
crab landing in VA) could be lost. This is based ordl®ilated averagannual commercial

blue crab harvest of $28,600,568 fr&2008 to 2013 Virgnia Marine Resources Commission
2014)and that derelict crab pots are catching 913,000 blue crabs annually i@Ghsapeake

Bay (VA portion) (Havens et al. 201There is also a direct loss in the pots themselves as they
avera@ $50 per potThe economic log®r one fisherman in Ndould account for a loss of
$1,000- $2,000 for pots per season ($50 per pot/ 10% lost of-200 total pots set). Lost profit
from the crabbing industry could be up to a bushel full of crab (maskegd) from a derelict

crab pot per season (Havens et 2008).

Crab Pot Regulations

Regulations on crab pots frochecking pots (soak time),w5 aAi S FTyR AT YR 6K
required, varyacross the statesinthe NEC 6 f S o0 ® 5SaLIAGS NBIjdZANBYS:
pots, compliance can be lodue in part to a lack of knowledge and enforcement. In MD, BRD
compliance igess than 35%n recreational crab potdespite the fact thaBRDs are required

(Radzio et al. 2013Pnly some states require a spic soak timeg DEand NJ require a time

frame within 72 hours for checking pots (Table 3). However, terrapins generally do not survive

past £2 days in submerged crab pots. Mortality may be reduced up to 90% with aisgexitd
implemented shater soak (Grosse et al. 2011).
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Table3. Current regulations for the blue crab fishemy the Northeast

REQUIREMENT FOR CGKING

POTS/ SOAK TIME BRD REQUIREMENTS REGULATION/CODE INNMDATION

*NY®EC is proposing to require the use of terrapin excluder dswia crab traps set ir
NYs estuaries in the Marine District. This includes the waters the Hudson River sou
the Tappan Zee Bridge.

http://www.dec.ny.gov/docs/fish_marine pdf/bmrcrustaceandoc.pdf
http://www.dec.ny.gov/outdoor/75333.html

Required onrCommercial and

New York Unknown Recreational Pots If the Department determines that mortality of in blue crab pots is causing a decline
the terrapin population of a given water body or area, the Departmmeay by order
6in. (w) x 2in. (h mandate use of terrapin excluder devices in such areas

NY Codé& CRRNY 44.2NY For Blue Crabs
https://govt.westlaw.com/nycrr/Document/121d8b5f6¢22211ddb7c8fb397c5bd26b?y
wType=FullText&originationContext=documenttoc&transitionType=CategoryPagelt
contextData=(sc.Default)&bhcp=1

Required on Commercial and
Recreational pots within 150 ft. Recreational Regulations
from shorelineto shoreline at  http://www.state.nj.us/dep/fgw/pdf/non-comm_crabpot regs.pdf
New Jersey Within 72 hours mean low waterand in man
made lagoons Commercial Regulations
http://www.njfishandwildlife.com/pdf/2016/comregs16.pdf

6 in. (w) x 2 in. (h)
http://www.eregulations.com/delaware/fishing/bluerabs/
Recreational Summary

Required on Recreational Pots

Delaware Within 72 hours o7 http://www.dnrec.delaware.gov/fw/Fisheries/Documents/rec%20crab%20pot%20su
. . mary.pdf
4.75in. (w) x 1.75 in. Yh Commercial Code
http://delcode.delaware.gov/title7/c023/index.shtml
Required on Recreational Pots Maryland Blue CraRegulations
Only http://dnr2.maryland.gov/fisheries/Pages/regulations/ble@ab.aspx
(waterfront property owners
Maryland Unknown can setwithin
100 yards of the shore) BRDs
Where to Buy
4.75in. (W) x 1.75 in. Yh http://dnr2.maryland.gov/fisheries/Documents/flyer_stores.pdf
See VIRGINIA MARINE RESOURCES COMMISSION
Virginia Unknown W5Q% FNB y2 CHAPTER 4 VAGZI®-10 ET SEQ possession limits, time limits, seaseit. for

commercial and recreational crabbers
http://www.mrc.virginia.gov/regulations/fr270.shtm#40
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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

Bycatch Reduction Devices

Bycatch reduction devicedBRDsyvere created to prevent terrapin bgatch while stilallowing

for the same abundance and legal stzéch ofcrabs, eels, and other fisi.crab pots are fitted
with BRDs, then adult female terrapins and some large males cannot enter thelpete
devicesalso referredo asTEDs, or turtle excluder devicesid have been proven to reduce
bycatch of terrapins while not reducing the catwhlegal blue crabs (Guillognd Prejean

1998. The most common BRD does not affect the size or numbaabtaaught (Roosenburg
2004).BRDs argenerally restricted to recreational pofsee Table J)ecause those pots are
mostly in near the shorelini shallow areas, and in terrapin habitét.MD, BRD compliance is
less than 35% orecreational crab potshowever BRD use in thPatuxentRiver increased from
26% in 2005 to 34% in 2010. This change may be a reflection of increased usage or be based on
survey areas differenc€®Radzio et al. 2013Pespite the availability of BRDs, their use has not
been mandated everywhere, and needless bycatch mortalities continue to impact terrapin
populations. In NMATES and TWI and likely other organizatiorteerregian distribute for
BRDs for free; howevea]l states could potentially distribute.

TheMD DNR will continue to requirBRDs on all recreations crab pats/estigate the

feasibility (i.e. effects on catch; economic impact) of requiBiRIDs onlacrab pots set, and

encourage fishermen to install BRDs on commercial crab pots{stiaries Managment Plan

Report 2015)The NYBECGis proposing to require the use of terrapin excluder devices on crab

GNJ LJA aSd Ay b, Qi SaTthizindlieS the wiatérs thekKHbidsenlRNGr Yy S 5 A &
south of the Tappan Zee Briddgeecently in VA (March 2016), an amendment was madéAto
Code28.2226.2. Commission to establish requirements for commercial gear licesese$or

recreational purposewhere theCommission 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 Fisherieg&ear

Terrapinscan be caught in eel potjke nets, and other types of fishing gear as w@lhth

funnel eel pots are used for inshore &ncan eel fisheries in MD, VA, NJ, and DE (Radzio and
Roosenbur@005).According to a study by Radzio and Roosegl{2003), bycatch in eel pots
can lead to sizeable terrapin kills and have deadly effects on local terrapin popul&ieich.
rates maybe be as high as high as 0.2 terrdpeigot/day (Roosenburg004). Eel fisheries

uses bait favored by terrapins, wvdh 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 (Roosenbu2P04). Radzio and Roosenburg (2005) created a BRD created for
cloth eel pots whiclshowed no effect on eel catch, making this a feasible solution for
consewationists and fishermn alike.Terrapins have been observed as bycatch in fyke nets as
well, howeve 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 everg 2lays may prevent terrapin mortality during celciter
seasons (Roosenbug)04).

Conclusion

Educating the public about tHBRDss well as moving to make them mandatory may help
decrease terrapin bycatch amdortality. Mandating all ecreational crab pots sold have BRDs
already attached is a one way to increase compliance (Roosenburg 3b@4jening and

enforcing soak times in traps might also help reduce terrapin mortality, and checking traps
every day towo days could dramatically impve terrapin survivalAdditionally, 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 spribgit not continuing into he sunmer and fall
months (Hartand CrowdeR011).Therefore to greatly decreasenortality by cralpots through
seasonal timing, pots could be restrictedtween the months of April an@Grosse et ak011).

BiologicalResourcdJse CommerciaHarves)

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 n the NE- NY, NJand DE (Table 4). Terrapins collectedrfi 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 m@lly apply for a legal harvest permit in NY. Qulg

permits were issueth 2012and only four issued for the 20131 seasond; Ozard, New York

State Department of Environmental Conservation, pers. comm. 20bé)recenharvest

of more than 3,500 terrapins (mostly gravid females) friovo marsh locations in NJ

underscores the vulnerability of hibernating turtles to winter harvestifige terrapins were

takento an outof-state aquaculture facility that raises them for overseas mewkiglore than

14,000 offspring of theewild adult terrapins were then exported to Asias 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 Ord284.6:02 and201502). As terrapins hibernate in

shallow depths of the intertidal zone, banksides at the bottomof the salt marsh creek

(Yearcks 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).
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Table4. Terrapin harvest egulations in theNortheast

PERMITTED TAKE/HARVEST HISTORY / CHANGE IN STATUS SINCE 200

Take prohibited No change. Statéisted prior to 2003.

Rhode Island Take prohibited No change. Statéisted prior to 2003.
Connecticut Take prohibited Closed by regulation sometime in 2005. Previously permiti

limited take (5/day)Connecticut Regulation 266-14a

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

New York Currently considering closure.

Commercial harvest permitted w/in specified No change since 2003; however, temporary moratorium ¢
season, size limit, no take limit, no reporting. the harvest was applied in 2015 and 2016.

New Jersey

Limited take (4/day) permitted iapecified

Unaware of any recent or proposed changes.
season.

Delaware

Legislatively closed in ~2008. Chapters 117 & 118, Acts o

HEpEG UL B e 2007; Code Natural Resources Article, se202).

o Commercial harvest and personal possessic Changed to closed by regulation in 2007. Previously
Virginia L . . -
prohibited. permitted harvest fopersonal possession of up to five
terrapins.

*SWAP = State Wildlife Action Pl&ror State Status Refer to Table 1.

CITESerrapin Export Data

CITES is th@onvention on International Trade in Endangered Spedi®gild Fauna and Flora.
It is amultilateral treaty to protect endangered plants and animals. The focus of CITES is to
ensure thatinternational trade in specimens of wild animals and plants doeghreaten the
survival of the species the wild. CITES subjects international trade in specimens to certain
controls and all import, export, rexport,and introductions must be authorized through
licensing systenilerrapins qualified for inclusion in p@ndix Il by satisfying both Criteria A and
B, as proposed at the Tdneeting of the Conference of the Parties18 March 2013, which
were effective June 2013. To sati€fsiteria A,tiis known, or can be inferred or projected, that
the regulation otrade in a species isecessary to avoid it becoming eligible for inclusion in
Appendix 1 in the near future. For Criteria B, knewn, or can be inferred or projected, that
regulation of trade in the species is required to ensure theatvest of specimns from the wild

is not reducing the wild population to a level at which its survivight be continued harvesting
or other influence Because ofhe suite of threatshat currenty impact terraping including
international trade, it can be inferred thaegulation of trade is necessary to avoid eligibility
into Appendix | in the near future (Criterion A) and riedion of trade is required toresure that
harvestof wild specimens is not reducing populations to a level at which survival might be
threatened by continued harvesting or other influences (CriterionTBe USFWIS 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 detrimentauteival of the
speciesPresenid below aredata provided by the USFWS on terrapin exports.

The U.S. Export Data of 754 shipmentsMiataclemygerrapin 20002015(Law Enforcement
Management Information Systerh EMI$2015) hcludes the export of 11,9623.70%) wild
terrapins and 36,785 (72.92%) captive bred terrapins. In addi@ibyY49 (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 expdnivdd caught terrapins has varied
over the last 15 years, but with peaks of over 4,000 iddizis 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%dapan (LEMIS 2015).

LEMIS 200Q015 Wild Caught LiveTerrapin Exports
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No. of Individual terrapins

Figurel3. Wild caught (live) terrapin exports from the United States from 202015 (LEMIS 2015).

Other Factors Contributing to Vulnerability to Harvest

Significant anthropogenic sources of mortality sashroad mortality and crab pottin

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. Ovéaigh25 years in
southern NJ,hHe TWI has dagnented thousands of terrapins killed by vehicles (12,368 mature
females, mean 495 * 75) while searching for nesting sites alongral@&oastal route (TWI
unpublished report 2015). Szerlag and McRobert (2006) and Szerlag (2006) found nearly 10% of
adultfemale terrapin were killed each season along a 5 milemsaltsh 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 surveydffortgsboth 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 becomereasingly 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 crablmig occurs, larger females in the pot zones vs. no pot zones; implying that
AaYFEESNI FSYI§Sa 6SNBE o0SAy3 GIFINASGSR Ay (GKS LR
estimates, Ayer§2010)projected adult survival under various levels of crab pottigmnales

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 gwth depends mostly on the survival of adults and juveniles
rather than survival of hatchlings (Mitro 2003, Ayers 2010); therefore, elimination efbggu

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 fabraligh 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 leadveen 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 haresting (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 sexually mature at 216 years (Congdon

et al. 1994) while alligator snapping turtles have been estim&bedature at approximately

13-16 years (Reed et al. 2002). Common snapping turtles lay one clutch with a mean clutch size
of 28 eggs (Congdon at. 1994) and alligator snapping turtles lay only one clutch (Dobie 1971
as cited in Reed et al. 2002) and can range fre40 @ggs (Powders 1978, Ewert 1976 as cited

in Reed et al. 2002). Common snapping twtave been observed to have nest survivopsbi

23% (Congdon et al. 1994hereas 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 7#fed&e ages 2 and 12
(Congdon et al. 1994), while alligator snapping turtle juvenile survival has been estimated at
69% for ages-12 (Reed et al. 2002). Adult female survival for common snapping turtles
averaged 93% and for alligator snapping turtles 98#h(conservative estimate) (Congdon et

al. 1994, Reed eal. 2002, respectively). Comparable to terrapthg® common snapping turtles
population is morevulnerable to changes in adult or juvenile survival rather than the number of
eggs produced or the suival of nests (Congdon et al. 1994). An annual harvest that increased
adult mortality by 10%, over a 3ear period could reduce the adult population by 50% in less
than 20 years (Congdon et al. 1994). Similar findings occur for alligator snappers awhere
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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 backgroadutt morality

from other anthropogenic sources that are much less easily controlled, i.e., crab pots and road
deaths. Consequently, control of harvestused mortality is an important tool available to
managers to curtail excessive adult mortality toigéhterrapin 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 juvenseor 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 heatarting programs can counteract the effects au#t mortality

(Heppell and Crowder996 and Mitro 2003). Smeenk (2010) observed this in local terrapin
populations in theChesapeak8&ay (MD), finding similar population declines between a head
started population and a 2gear mark/recapture population. Similar findings for common
snapper turtles suggest that programs that focus on headstarting turtles or protecting nests will
have litle success in terms of population impacts if older juvenile and adult stages are not
protected.

Biological Resource Usdlégal Marketsand Pet Tradg

The extent to which terrapin arsubject to illegl trade is unknowninterest for the terrapin
commaecial harvestemains high, primarilfor the pet trade andas foodin Asian markets and
countries(see previous section ddommercial Harves(CITES 2013 most of the NE

possession is prohibited, except for some permitted actions for propagation or small numbers
of terrapinsfor personal possession (Table Bhe policies below are strictly presented as a

summary and may be not be -ticlusive for rules and exceptionsSE SNNA y 3 (G2 S| OK

regulations for a full outline of collection and possession policies is encouraged.
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Massachusetts

Rhode Island

Connecticut

New York

New Jersey

Delaware

Maryland

Table5. Terrapin collection/possession policies in the Northeast
COLLECTION OR POSEHS POLICIES/REGUION

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 ani
Lists

1. Prohibitions Except as otherwise provided in BEMR 10.04(2) and (3), no person may takssesstransport, export,
process, sell or offer for sale, buy or offer to oy, shall a common or contract carrier knowingly transport or receive for
shipment, any plant or animal or part thereof on thetstéist or federal list; provided, however, that ownership, sale, or
purchase of real property on which such plant amaal occurs is not prohibiteExemption 2a. In Trankit

3c. Captive Propagation of State Listed Species.

Animals. The Director may peit, 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
written propagation program prepared by tapplicant.
http://www.mass.gov/eea/agencies/dfg/dfw/lawsegulations/cmr/32tcmr-900-exemptiontist.html#9.01

Possession is prohibited, except a permitted to identified institutions.

Possessionf Native Wildlife. All native wild animals are expressly prohibited from importation or ownership without the
issuance of a valid permit by the Departmefie possessioof native turtles is restricted to thosastitutions identified
within Rule 7.3, and as exempted per Rule 8 of these Rules and Regul&tidfesconsidered native t&klandwhich
possession as pets is prohibited include the terrapin.

Rules and regulans governing importation and possession of wild animals (2016)
http://www.dem.ri.gov/pubs/regs/regs/agric/wildanml|16.pdf

R.l. Gen. Laws Chap#8, and 8§ 2a-18, 201-22,20-37-3, and 4217.1-:2(19) as amended, and in accordance with the
procedures set forth in the R.l. Administrative Procedures Act, R.l. Gen. Laws Ch&§fer 42

Possession is prohibited, except undspecial authorization.

CT General Statute Z8 and CT Regulation-%6-6 (b)(4) restricts importatiorpossessionand liberation. CT Regulation-26
66-14(a) states that there is no open season for taking terrapins in any development Stagiefore terrapins cannot be
collected or possessed @onnecticutvithout special authorization.

Possessiolis prohibited, exceptunder certain conditions and a license is required to take a terrapin.

NY Code 6 CRWRY 3.1 Diamondback terrapins

A validterrapinlicense is required to takerrapinand during the open season only.

Possessionf a terrapin on the waters or shores of New York State during the closed season is proHiistpdbhibited take,
possesspurchase or sale of terrapin which has a straityie upper shell length less thdour inches or greater thraseven
inches and prohibited to sell May 5 to July B&rrapinlegally taken during the open season may be sold throughout the ye
only if they were killed and processed for consumption prior to May 5.

To bedetermined

Because there is a current moratorium on the terrapin harvest, it is illegadgees®ne. If it is determined that the species i
placed on the nofgame list tha the following would applyg No person shall posses any hongame species withimger
permits from the State and any other federal or local perrttitt may applyee applicable sections und&dAC 7:28 and
7:254.6(a)).

TheNew Jersepepartment of Health mandates that turtles amattbises CAN NOT be sold in New Jersey
http://www.njfishandwildlife.com/pdf/petdealer_info.pdf

Possession is prohibited, except under certain conditicngh as scientific or propagating purposes.

Chapter 7, subchapter §,784 Terrapin raised in private ponds. Nothing contained in this subchapter shall prevent any |
from raising terrapin in a private pond.

Chapter 150.tlshall be unlawful for any person to catch, take, kill or destroy or ratéspossessionexcept for strictly
scientific or propagating purposes, argrapin from the fifteenth day of March until the fifteenth day of November followir
in each and every yeafhat it shall be unlawful for any person to catch, take, kitlestroy or have in his possession any
Heifer terrapinwhich measures less than five and emalf inches lengthwise on the bottom shell, except for strictly scientif
or propagating purposes.

Refer to24 Del. Laws, c. 151, §2I7 Del. Laws, c. 15Code 1915, § 2492; Code 1935, § 2972; 7 Del. C. 1953, B)7Bd!.
Laws, c. 275, §§ 95, 96.

Possesion is prohibited, except as permitted for necommercial purposes.

MD Regulation Chapters 1171&8, Acts of 2007; Code Natural Resources Atrticle, s8@2 4lt is unlawful to take qrossess
terrapins for commercial purposes. A person rpagsessip to 3 terrapins for nocommercial purposes.

Commercial Trade Requires a permit. A permittee magll, 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 $atéerrapin is allowed to be taken
from the wild in Maryland for commercial trading. httpdiir2.maryland.gov/wildlife/Pages/Licenses/captive.aspx

No Possession Allowed.

It shall be unlawful to takggossessimport, cause to be imported, export, cause to be exported, buy, sell, offer for sale oi
liberate within the Commonwealth any wiknimal unless otherwise specifically permitted by law or regulation.

No possessiorallowed 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
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Human Disturbance and Intrusion

Thirty-nine per@nt of the U.Spopulation livesalong 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,rdwning in crab pots, habitat loss and habitat alteration etc. all

of which are discussed in great detail throughthee THREATS SUMMAS$®X¢tion.

Anthropogenic activities can cause morality, injury, and limit recruitment to the population
(Lester and SusX)14).Similar findings have occurred for map turtl€&§ptemys

flavimaculatg where interruption of nesting activities may impact numbers of clutches laid and
change nest site selection by female turtles (Moore and Seigel 20@®) turtles also

experiencea reduction in basking time in areas with higher recreational disturbances than
more natural areas (Selman et al. 2014dman intrusion can prolong or prevent terrapins

from nesting. With increased usage of the beach by people, a decreaseinumber of

terrapin nests and nesting females was observed (Little Beach Island, Barnegat Bay, NJ) (Burger
and Garber 1995Nest failure may occur from dogs at nesting beaches (USGS 2003) and dogs
may attack terrapins (K. Testa pers. comm. 20A6the JBWRNY) the NP$as closed the

G ¢ SNNJ LIAY ¢ NI Xofretlucehuinain/ierSapid dngbuiters dNiring the nesting
season. Unfortunately, s$oe visitors ignore this closure even though trespassing is prohibited.

Natural System Modifications (Dreging)

S5NBERIAYI Aad | OBYY2YidVRK K Bagsioproyde Atbe8sNdk boats/irR
shallow waters (Brennessel 2006). The JBWR (NY) and nearby areas have been dredged for
shipping lanes, construction of the JFK airport, as well as ahdrrecoveryBlack 1981 as

cited inFeinbergand Burke 2003Dredging can impact terrapins in seakeways. Dredging
operations carkill or dislodge terrapins while in hibernacula (Brennessel 2@ahtaminated

dredge material can lead to terrapin nest failure and chemical pollutants including PBDEs, DDT,
and others can be high enough to cause deformitidsaitthlings(Avery and Wnek 2011). One
hundred percent nest failure from salts and contamirgint dredge material placed at a

nesting site was observed in NJ (Avery and Wnek 2011).

However, there can be benefits to usingcontaminateddredge material as it may provide
suitable nesting habitats for terrapirf§Vnek et al. 2013, TWI et al. 201Dyedge soil improved
after a yearby the washout of sakind hatching success increag®inek et al. 2013)Clean
dredge material can besed for constructing islarsko create new nesting habitatith fewer
mammalian predator§Wnek et al. 2013)An example ofising dredge material as a
conservation tool would b@oplar Island (Talbot County, Chesapeake Bay) where dredged
material management resulted in the restoration of a disappearing island-&gty million
cubic yards otlean dredged material was taken fram2 NI 2 ¥ . | f chshdarhelsBa a | LILJ
restore the islandMD Environmental S&ice 2016) The terrapn population on Poplar Island
has high nest survivorships this island has remained relatively predator ffReosenburg et
al. 2014)
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Natural §stemModifications (Bulkheadingand OtherHardenedShoreline Structures)

Coastalandownersoften attempt to protecttheir property fromflooding and erosion using
hardened shorelines techniques that resuloipstructingterrapin acess to nestingites
(Clowes2013) Studies have shown that estuaries plagued by eve@5P@hardened shorelines
can lose their quality and valu8i{liman andertness 2004; Bilkovic et al. 2006; Bilkovic and
Roggero 2008; DelLuca et2008as cited in Isdell et al. 201%)reating structures such as
bulkheading to harden the coastline can reduce or eliminate terrapin habitat (Winters 2013),
cause terrapins toravel 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 ovethree tosix times further to nest as they are blocked by hardene

shoreline structuregAvery and Wnek 2011, Winters et al. 2015). Stenepinsthat are

forced to travel furthershowan increase in stress hormones, compared to terrapins that
nestedin unhindered suitable habitat (Avery and Wnek 2011igreased terrstrial travel to

find new nesting aremcause greater exertion (Winters et al. 2015) aaa lead taan increase

in impaired orientationandrisk of predation due to exposure (Winters 2013). Barriers to
nesting sites, like bulkheading and roads alsdeadterrapins to use suboptimal nesting sites
(Roosenburg 1994jsinglocations such as driveways and backyards (Winters 280L&cent

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 3Gbe afecond population nested on
erodible shorelines, with 63% nests closest to bulkheaded areas (Moss P0b5).
environmental conditions at marginal nesting sites can reduce nest succeassubationand
developing eggdurther contributing to declies in terrapin populationéClowes 2013). Nesting
areas adjacent to bulkheading may also be impacted by various anthropogenic threats. For
example, in coastal developed arghsre are marinag, recreational docks, and waterfront
homes and other propertiesvhichmay increaseecreational crabbing activities arve

higher boat traffic These pose serious threats not only to nesting terrapins, but to all terrapins
living in the area (Winters 2013ven in more protected park systems terrapin habitat can be
limited by armored shorelineg\t the SHUN the GNRANJ) terrapinnesting habitat is limited

with 65% of the bayside shoreline stabilized with hard structures such as riprap and bulkheads
(NPS 200y

Some studiesndicate that hardening of coastal shorelinegisatlyincreasing (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, vinydreteror wood,n

an effort to reduceshoreline erosion (BBEP 20@RSSA 2016)hree hundredm8a 2 F a5 Qa
coastal shoreline were hardened from 1978997, while inVA;approximately 19 miles of

shoreline n VAwere hardened every yeardm 1998 to 200@Healy and Hshe2014).t is

estimated that 27% of tidal shorelines aB@0 milesof VRa a K2 NBf Ay MS I NB K| NJ
2010)wK 2 RS INaradansétt Bahas approximately 25% of its shoreline hardeii€mher

et al. 2003. While bulkheading, groins, or other wall structures are used to harden the

shoreline, the primary form of armoring in Rl is rock revetmenitsef et al. 2004)Much of the
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CTshoreline igeinforcedwith hardened structuresyet there has been increaseidterest in
maintaining a more natural shorelirvehile alsoaffordingprotection from erosion.

. dzf 1 KSIFRAY 3 YI & &S aKRINGSH QYR 4 Astii@urédhdiagdol Ay Y I N
natural shorelinesBy using natural materials such as sand, stone, and plants in living shoreline
designs, shorelines can begmented repaired,and protected from erosiofBilkovic&

Mitchell 2013 a<ited inlsdell et al. 2015)NativeSpartinacan helpstabilize theenvironment

and encouraggrowth of new habitat, increasing biodiversity of the salt maiGlowes 2013).

Living shorelines were consideregasitive solution to habitat fragmentatiorhat 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. 20dst ofthe NEstates
including CT, NMD, and VAavepassedegulations torequireor supportliving shorelines
projectas a preferred alternative to traditional shoreline hardening prastié@y cecreased
shoreline hardeningvould be beneficialor terrapins throughout the NE.

If removal of hardened structuras not feasible, developing structures to allow terrapin access
or constructing adjacent nesting habitat could be beneficial to terrapiam@g® and other
alterationsalong bulkheadsnay be a possible alternative aatlow access tmesting sites

without increased stress in female terrapins (Wint2@3).In areas with reduced access to
nesting sites, uncontaminated dredge spoihdz# used to construct islandgth fewer
mammalian predators (Wnek et al. 2013). An example of this used successitiNoish

Sedge Iskad, where 50 years ago a portion of the island was formed drguge materiafrom
Barnegat Bay\J The soil has aged and is now successful for nestingodidinack terrapins
(Wnek et al2013).

Pollution

Terrapins can be directlynpacted by pollution from oil spills, heavy metals, and chemical
agents (Brennesd 2006). Terrapins have been previously impacted by oil spills including
Buzzards Bay, MA (1969, 1974, 2003, and oji@&mennessel 2006, Costa 201Byxon Oil Spill

in the Arthur Kill, NJ (1990) (Burger 1994)K I £ { t 2Ay G hAt {LIAfE Ay GKS
Chesapeake Bay, MD (2000) (Bgral.2002a,b;Michel et al. 2001)among others. Oil spills

can be very detrimental to terrapins by direct mortality from the oil, comtaation of estuarine
habitat, and death of food sources for terrapins (Burger 183tjchard120 Natural Resource
Trustees 200p Following the Chalk Point Oil Spill, 122 terrapins deaths were documented as
well as a decrease in reproduction (10%) in tharyafter the spill (Byrét al.2002a). However,
the total injury to terrapins was calculated to be much t@gand estimated a$,244.6 lost
discountedterrapin-years(loss of productivity in the following years of the spill and the
morality of hatchling the year of the spill) (Byet 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 andthihvtheir
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 BayNJ) a study measured heavy metals selenium, arsenic, chromium,
cadmium, arsenic, lead, amdercuryin terrapin tissues and organslost 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. 20ABpther study in Barnegat Bay found

terrapins have relevant levels of organic contaminaptrgistent organic pollints [POPsJn

their tissues compared to other wildlife, withe exception of a contaminant class of emerging
concern, polybrominated diphenyl ethef@BDESBasile2010) The study foundnaternal

transfer of POPS to developitggrapinembryos and som&OPs may be associated with

immune and endocrine disruption and even disruption in neurobehavioral development (Basile
2010).Polychlorinated biphenyls (PCBs) welsnastudied in terrapins comparir@ape May (NJ)
andJamaica Bay (N#ndfound strong conentrationsin the liver and maternal transfer of PCB
contaminants (Ismail 2010fontaminated 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 @ nesting site (Avery and Wn2R11).

Both point and norpoint sources pollutiorichemical agents)an impact the aquatic
environment. Excessive nutrient loading from agriculturatodin urban wastewater and storm
water pollution can increase nitrogen in an estuarine environment causing harmful algal
blooms and may be responsible for terrapin dieafénts (seéMass DieOff section). For
example, excess magen from fertilizer and wasteater 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, NESI2007 and Peconic Estuary TMDL Review, USEPA, 2013 as
cited in theSuffolk County Comprehensive Water Resources Management PlahTAii$5s the
watershed of where a terrapin dieff event occurred in 2015Pollution is the most frequently
identified threat to SGCN in NY; particularly industrial and military ol$ g@ih impact terrapins
(NY SWAP 2013NYSDEC 20)5Mercury is a growing concern in NY, while newer
contaminants, such as micaastics and pharmaceuticals are identifiandquantified (NY

SWAP 2015[NY®EC 2015]).

Climate Change and Severe Weathe

Climate change and sewweather are threatso the NE(and globallyjhat will intensifyother
existing threats(e.g. habitat lossand affect conservatioactions over thdongterm (Klopfer et
al. 2012 Kane et al. 2013s cited in VDGIF 20Llincreased sedevel rise as a result of climate
change can contributto increased shoreline erosion, flooding of kying coastal areas and
increased wave heights during stornadl of which will impact terrapin nesting and marsh
habitat. Severe changes weather may contribute to unusual mass mortality and cold stun
events in terrapins (seklass DieOff section).Sealevel rise, increased number of storms, heat
waves, and greater average temperatures and changes ingitiaen are already occurring
the NE(NYSDEC 20115
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http://www.suffolkcountyny.gov/Portals/0/Documents%20and%20Forms/Health%20Services/environmental%20quality/water%20resources/Comprehensive_Water_Resource_Management_Plan.pdf

The NEwill experience a substantial increase in temperature by the end of the ceatury

predicted by all available climate mode@ver the last century, temperatures in the NE have

risen by 0.7°C and are predictadincrease3-5°C(NE Climate Science Center 2016, Staudinger

et al. 201Y. Increased pecipitationis predicated to occur due to increased antknse rainfall
events(Staudinger et al. 2015%orm surgesand flooding will intensify in coastal areas as a

result of hcreased storm event$Sfaudinger et al. 2015lrlooding 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 sdavel risewithin a warming ocean that is beming more acidic
(Staudinger et al. 2015).

Climate changenformation and guidance can be foumdIntegrating Climate Change into the
State Wildlife Action PlanStaudinger et al. 20)5developed by the Northeast Climate Science
Center and partnersyhichpresents trends in climate variables that are significant to coastal
habitats and SGCN wildlifRecent studies evaluate our current understanding of the
vulnerabilities of wildlife and habitat to sdavel rise and climate change, the areas of rsitiie
uncertainty, and future research recommendations to protect these resources including:
Impacts of Climate Change on Wildlife in the North€&pting 2014)The Vulnerabilities of
Northeastern Fish and Wildlife Habitat to Sea Level (Rigsgonal Widlife Federation and
Manomet Center for Conservation Scierg@4) andin Climate Change Impacts in the United
States: The Third National Climate Assessr(téaiton et. al. 2014). These and other useful
materials are being organized in the U.S. Clim&aRA f A Sy OS ¢22f 1Al YR
An extensive collection of climate change resources casdzebefound at Surging SeasSea
level rise analysis by Climate Centrllere many plans, actions, and resourees listed with

links ona national level and for each individual state in the Northeast.

Climate Change has also beoroughlyanalyzed in each of thidE SWAPR#$Vith individual
SWAPsstate-specifc linksfor climate adaptation reports, vulnerabiligssessments, and

climate action toolsan be foundThe SWAP chapters dedicated to climate chavgéuate the
SGNC (or their habitatulnerability,assessments used in each state, and the results for SGCN
and thar key wildlife habitatsTheSWAPS may also include adaptation strategies toerons
biodiversity under projected climate change conditions.

U Massachusetts¢ Chapter 5 of the MA SWA¢ntire chapter dedicated to climate
change)XMassachusetts Division of Fisheries and Wil@&5).

i Rhode Island; Climate tbange sectior(3-19) within Chapter 3 of the RI SWARhode
Island Department of Environmental Management 2015).

U Connecticutg Climate change section-&) within Chapter 3 of the CT SWAET DEEP
2015).

U0 New York- Climate change section (page 39) witl@hapter 5 of the draft NY SWAP
(NYSDEZD15)
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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

U New Jersey The 2015 draft SWAP is not currently available, however, NJ summarized
the threat of climate change inrgparation for thefinal NJ SWARjraft Climate Change
Summaryfor the New Jersey Wildlife Action P{&anLuven 2015).

U Delawarec Climate change section-@&3) withinChapter 3 of the draft DE SWAP
(Delaware Department of Natural Resources and Environmental CéptEEODNREBC
2015).

U Maryland - Chapter 6 of the MD SWAEntire chaper dedicated to climate change)
(MD DNR 2016)

U Virginia ¢ Climate change section -@) with Chapter 3 of the draft VA SWAWDGIF
2015).

Invasive and Other Problematic Species (Invasive Plants)

IntroducedPhragmies an invasive reed, can deteriorate suitable terrapin habitat (Simoes and
Chambers 1999) by outcompeting and eliminatingve$partinagrasses. Although little
research has been done to quantify the direct impact from the thre®lobgmieson

terrapins, some efforts have been made to remove this invassee. In Delaware, during the
summer of 2006, a comprehensive survey of all bayfront bes¢rom Smyrna Rivanorth to

the C &D Canal was conducted to document terrapins nesting activity and presence and extent
of Phragmitescover along the beach. Most beaches had wesliablished stands d*hragmites

that extendedwell outbeyond the high tide line. Littlerrapin nesting wa documented in

these stands due to the dense nature of the above ground culmdaluv ground rhizome

mat. The #ected beaches were sprayed with glyphosate in the fall of 2006 and the residual
culms removed by controlled burn in the winter of 2007. Atireg survey was conducted in

2013 that documented significant nest density in fornfdrragmitesdominated areas of the
beach, comparable to that found in unaffected beach habifatMeadowspers. comm. 2016

Some important questions to consider redarg this threat (provided by R. Meadows DE
DNREC pers. comm. 2014) include:

U HasPhragmitesbeen identified as a serious threat to nesting habitat in the lower
salinity areas of their various ranges in the estuary along the east coast?

U Has it been gantified (number of nestingeach habitat lost, percent of habitat
lost/impaired, miles of beach shoreline impaired)?

U 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 orell-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 threeacre wildlife preserve and bird sanctuary on Long Island
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../../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/

Soundin Nowalk, CT by removing Wing Euonymiaspnymu sppNorwalk Land Trust 2016)
The Wingeuonymuss an exotic invasiveative to central and NortherAsia, Japarand
Central Chinghat can reach up to 20 feet in height (NPS 2010).

Predation

The maimobserved predators on terrapins are foxulpes vulpes and Urocyon
cinereoargenteusand raccoons (Seigel 198Roosenburg 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), gullsrus atricilleandL. argentatuy(Seigel 19800, Ner and
Burke 2008), and crow€orvus brachyrhynchpgSeigel 1988). Occasional predators have

been observed such a&llowCrowned Night HerondNfycticorax violacea(Draudet al.2004),

fish crows Corvus ossifragiisWillet (Triunga semipalmataEastern kingsnakesgmpropeltis
getuld) and whitefooted deer mice Peromyscus leucopudRoosenburg et al. 2014) aféelis

catug (VDGIR2015)

Terrapin populations are declining in some areas due to subsidized predators (Feinberg and
Burke 2003) and can even be eliminated (Seigel Ap&ubsidized predation occurs when
resource availability fopredators 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, raccappear to be themost detrimental

predator to terrapins (Ner and Burke 2008). As coastal habitahtinueto 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 higiredation 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(@009) on the lower Patuxent River, MD. Raccoons wiped
out nearly all terrapin nestawith 100% and 92% mortality rate between 1998 and 1999 on

W. 2w 06 wdzZ SNIA& FeinbdiR0D4).BEraudeOd]. (2004) determined a 67% mortality
rate of radiotracked 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 catkdster and Suss 2014).MA, predation rates from subsidide

predators range from 883% 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 leaveviery effective in
decreasing the numbers of terrapin eggs and hatchlings, even in nests that are protected with
wire cages (B. Brennessel pers. comm. 20Iibjhe absence of predation, terrapins have
increased nest survival rates and recruitment (Batburg 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 shellshibed in June, while in July eating the entire egg and
fSFGAYy3I (GKS ySad aSvyLWiezeé gKAOK O2dzZ R 0SS O2dzy

Potential options to protect the terrapins from subsidized predation may include scent
aversion, electritences (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 @005).In arecent study by Burke et al. (2013baneo

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 unprotecRrddator 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 fterrapins. However, this has been included as a consenvati
action (Action #4) for the N&ates (MA, RI, CT, NY)itaplement a research study to evaluate
nest cage (nest protector, predator excluder) design asiamine the most effective types of
nestprotection structures for various locationRahman 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 éetwests

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 alsoanbe considered a hazard to humarfety (Rahman and Burke 2010).

Disease

The threat of disease is relatively unknown, but appears to be a lowertgribreat at the

present time.One study in NJ compared disease in captive and wild caught terrapins and found
both groups were not infestéwith 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 disease known for causing mass morality of amphibaaisfish (Langdon
andHumphreyl987; Daszak et al. 1999; Green et al. 2002 as cited in Johnab2@@8),

with infrequent cases in reptiles (Hyadt al. 2002, Marshang et al. 2005, De Voe et al. 2004 as
cited in Johnson &dl. 2008), may be a disease thanmnitored forterrapins. It has already

been found in Eastern box turtle$drrapene carolina carolipan fiveMaryland counties (S.

Smith pers. comm. 2015)n additional conservation action identified in this plan for MD which
gl a faz2 AyOf dzRS RatidniAdtiona GeR dagdTad1) dalls foramprit@inglihe
spread of individuals (terrapins) affected Bgnavirusdetermine impact of emerging

pathogens.

Mass DieOff

Although not tassified as a threat, mass e events can be a result of and linkemldne or
multiple threats identified above. Little information is known for massaffesvents that have
been reported for terrapins and any dadf is likely go unreported. It is unknown whether these
terrapins survived. For the purpose of this ConseoraStrategy mass dieff is defined as

57



greater than 10 terrapins being found dead within a weeks tiR@ssible explanations for

these events could be due to terrapin bycatch in active and derelict crab pots, poisoning due to
chemical and oil spills, diases, harmful algal bloomsnarine 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 ofterrapinsquickly, and itlumped in the ocean they may wash ashore im@ug. In
Nandua Creek, Vfbayside, Eastern Shore of /A4 terrapins were found in one crab pot, with
49 dead, and five that we released alive (Figures 14 and (K. AngstadtyIMS pers. comm.
2014).

Figurel4. Fifty-four terains recovered from a dérellt crab poEotyine were found dead nd four were
released back into the marsh.

©Shannon Alexander, Bay Country Kayaking, Williamsburg, Virginia.
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© Shannon Alexander, Bay Country Kayaking, Maryland.

Crabbers have been observed emptying crab pots in Jamaica Bay, NY with tesrapsses
washing up orshorelines shortly aftefR. Burke, pers. comm. 2015pcalsn 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 casesssfie-offs in
terrapins in DE, N¥dnd MA. In April 201539 dead terrapins were found on ofeach in

Rehoboth Bay, D@ ortheast Wildfe Disease Cooperative 2015heDE DNRE€uldonly

send one specimen for analysis2 N}y Sf f Q& | y bsWdLaborat@otbldingt 5 A Iy
determine the cause of deattiNortheast Wildlife Disease Cooperative 2015). The second case
occurred in Long Island, NY, where maohan 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 testindor saxitoxin from terrapins of Flanders Bay was inconclusive, but suggested
saxitoxin was present. The evidence suggestedtdraapins were poisoned; but the saxitoxin
present in the terrapin stomach contents could mean that the contaminated conteats w
ingested shortly before death, and not that the terrapins died from the toxin i{diftheast
Wildlife Disease Cooperative 201Byom this event 76 adult terrapins (live) were taken in by

the Turtle Rescue of the Hamptons (NY), but it is unknowrtlvenehese 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 Wellflea Bay on Cape Cod, MAO terapins washed up on beaches from rfigril 2015
(with more washing in), when water temperature was still in the #03$ degreegahrenheit.
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When the firstfew terrapinswere found, surveys of beaches and shorelines around Wellfleet
Harbor were conducted ith many terrapins still alive, hdethargic and unable to swintt was
unlikely that these terrapins were foraging as they were just coming out of brumation; with
some still covered in mud (Brennesselpers. comm. 2015)n total of 88 terrapinsvashed up

with halfg SNB | f A @&SH dzyfyRS RIZ2 fIRY R G KS 20 KSNJ KFfF &SNS
terrapins found were females, 76 of the 88 total terrapiN®(theast Wildlife Disease
Cooperative 2015)Research in MAelieved it was colétun event B.Brennesselpers. comm.
2015). The terrapins may have come out of brumation before they were physiologically ready
as their platelet count was extremely IqMortheast Wildlife Disease Cooperative 2015).
Platelet counts become low during hibernation tleturn to normal before terrapins emerge

in the spring. Théerrapins may have come out of brumation before they were physiologically
ready potentialy due to a number of environmental conditionsdrtheast Wildlife Disease
Cooperative 2015)The winterof 2014 was mild, followed by a particularly cold February. Ice
may have formed too quickly and there were large amounts of ice inréeks and the bay,
which may havéurt or disrupted the terrapins during brumation. The ice may have also
increa®d thesalinity and possibly teto dehydration (many of the colstunned 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 wasdiageiick
and could have caused these water temperature differenbestheast Wildlife Disease
Cooperative 2015).

In September and October 2014, at least two cases of uliassfs occurred in NJ and MD

respectively, but no determinations could be maaketerrapins were not collected for

necropsies and no information regarding any cause was provided. In September 2014,

approximately 1220 terrapins were reported as dead/washed upon M@ a . S OKXZ /[ I LIS
NJ.In October 2014anywhere from 5670 to acouple hundred (no exact count detaimed)

were reported to MDDNR as dead (floating) on or along the sandbar just north of Barren Island

near Hooper's Island in an arealled Swan Harbor in MDhe terrapins did not appear to be

injured or damaged and thpeople 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 @nith,MD DNRpers. comm. 2015).
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THREAT ASSBESNT

The NEStatespartook in a Threat Assessment outlinieglthe NELexicon, which is a
hierarchicalThreat Classification Systeadopted by thedUCN threat classification system to

classify and name threats. We therefore organized threats for terrapins uhddsroadest
categorization including: Residential and Commercial Development (Habitat Loss),
Transportation (Road Mortality), Transportation (Boat Strikes), Biological Resource Use
(Fisheries), Biological Resource Use (Pet Trade Industry), BiologiaaicResse (lllegal

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 Géhessive Plants)Ve added our own broad
categoriesof Predation and Disease as well.

Threats were then rankebly riskusing the defiitions provided by the NEexiconncluding
Severity Reversibilitylmmediacy Spatial ExtentCertainty and Likelihood Each threat was
considered under thesask definitionsand ratedasa Low ImpactModerate Impacbor High
Impact(see Table 6 Determining priority threats was somewhat subjective as those that had
the most High Impact rankings determined walhithreat should be considered priority for the
state or the region. No weightesglystem was used to determine if one threat characteristic
should be weighted higher than another.

Table6. Threat characteristics and categorical ratings

THREATHARACTERISTIC LOW IMPACT MODERATE IMPACT HIGH IMPACT

Severity Slight SeverityDegree of

ecological change is minor

Moderate Severity:Degree of
ecological change is substanti

Reversible with difficulty:
Effects of the threat may be
reversed but costs or logistics
make action impractical

SevereDegree of ecological
change is major

Reversible Effects of the
threat can be reversed by
proven actions

ReversibilityConsider the
likelihood of reversing the
impacts within 10 years)

Irreversible:Effects of the
threat are irreversible

Immediacy(This characteristic Lz B [EEHs o tine

Nearterm: Effects of the Immediate: Effects of the

assesses the time scale over
which impacts of the threat will
be observable.)

Spatial ExtenfConsider impact
of threat within 10 years)

Certainty

Likelihood(Consider impact of
the threat within 10 years) (This

characteristic is used to assess

the certainty surrounding the
threat and its impacts.)

threat are expected in 2200

years given known ecosysterr threat are expected within the

interactions or compounding next 1- 10 years
threats

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

Dispersed or Patchy(10-50%)

Moderate Certainty:some
information describing the
threat and ecological response
to it is available, but many
questions remain

Low Certainty threat is poorly
understood, data are
insufficient, or the response to
threat is poorly understood

Unlikely: Effects of thehreat
are unlikely to occur (less thar
30% chance)

Likely:Effects of threat are
likely to occur (389% chance)

threat are immediately
observable (current or existing

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

High CertaintySufficier
information about the threat
and ecological responses to it |
available

Occurring Effects of the threat
are already observable (100%
chance)
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The value of this comprehensive and strategic apprastite potential ofthe NEstatesto
enhance interstate collabotin for habitat management andonservationCrisfield and
NEFWDTC 2013)o facilitate this déaboration, the states are using the NEexicon (used for all
revisedSWAP) which willit makepossibleto classify thahreats these species face, and
conservation actions proposed to support their populatiama unified mannerGrisfield and
NEFWDTC 2013)nderstanding threat characteristics can help highlight opportunities for
species and hatat 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 vere similar acrosthe NErange with Habitat Loss and Predation identified as a
priority threat in all eight states and both regional assessméhable 7) Simiar themes are

seen within the NE states (MA throudtY) with predation and climate change occurring in all
four states andn the NE regional assessmein.the Mid-Atlantic states (NJ througiA),
predation and habitat loss occurred in all four states anthe Mid-Atlantic regional

assessment. The threat of fisheries was identified in allMildntic states andhe Mid-Atlantic
regional assessemt, except for DE. Fisheries atdl considered a threat in DE, but wenst
identified as a priority threats during the threat assessment exercise.

Table7. Priority threats dentified.
PRIORITY THREAJISTERMINED BHREAT ASSESSMENT
Northeast Predation, Habitat Loss (Nesting), Climate Change, Human Disturbance, Bulkheading
Massachusetts Predation,Habitat Los&dimate Change, Human Disturbance, Bulkheading
Rhode Island Predation, Climate Change, Habitat L@éssting), Road Mortality, Human Disturbance
Connecticut Predation, Habitat Loss, Clinea€hange, Road MortalitPollution
New York Habitat Loss, Climate Change, Predation, Road Mortality
Fisheries, Road mortality, Bulkheading/Shoreliitardening, Habitat Loss, Predation
New Jersey Fisheries, Bulkheadin Predation, Road Moralitiabitat Loss
Delaware BulkheadingPredation, Cihate Changetabitat LossRoad Mortality
Maryland Habitat Loss (Nesting), Predation, Fisheries, Habita (Jamestrial, Aquatic), HumaBisturbance
Fisheries, Habitat Loss (Beach), Climate Change, Predation
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SPECIES DISTRIBUTION MODELING

Various federal and state agenci®égOsgconservation groups, researchers avttier
stakeholders across the NE and Mitdantichave collected data on terrapins over many
decades. As one major objective irettlevelopment of this Conservation Strategye have
compiled and synthesized these data anddispecies distribution modelmto evaluate the
probability ofterrapin occurrencen coastal terrestrial habitats during nesting excursianthin

its known rangen the NEThis modeling was conducted by Rutgers University (Dr. Brooke
Masloand Karen Leu) with occurrence data collected and compiled by CWfeNEmonstrate
the utility of applying a composite, regiamide dataset to investigate conservation implications
at the regional scale. We examine landscapale habitacharacteristicsnfluencingterrapin

nest site selection and provide maps delineating probahiéable coastahabitat. Thiscan be
applied to a suite of conservation questions to identify priority conservation areas, assess
regions of population vulnerability to curreand future threats such as the threat of road
mortality and climate changsealevel rise and to serve as a tool for conservation practitioners
to develop management strategies.

Methodology

Occurrence data and study area

Terrapin occurrence datapanning a 75year period weregathered by60 sources including
federal and state agencies, ngovernmental conservation groups, researchers and
stakeholders across the Northeast and Mitantic U.SAn occurrencewvas definedas the
confirmed sighting of éerrapin nesting, crossing a road, or iater. Occurrence data represent
terrapin data within the Northeast Region and includé&NR| CT, NY, NJ, DE, MD, and VA
(Figure B).
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Figurel6. Map of confirmed terrapinoccurrencepoints plotted on the study area.

Occurrence points collected between 20Q@012were extractedo maximize the accurate
reflection of curent distribution patterns. Pointsollected after 2012vere removed to avoid
inconsistencies witlenvironmental dataesulting from landscape changes (e.qg., flattened
dunes, marshland inundation, altered tidal creeks) caused by Superstorm SanolygiQ&-
Nowember2, 2012). Environmental data portraying landscapes prior to Superstorm Sandy
would not accurately refledthe habitat conditions selectelly terrapins after the event.

Because we wished to model probability of terrapintable coastal habitat (during nest
excursionspacross the landscapgpints that fell in aquatic land cover types (i.e. bays, tidal
creek9 when overlaid with the land use dateere eliminated We considered all remaining
occurrence points to represent female terrapins approaching, utilizing, or leaving nesting areas.
To mitigate bias from spatial autocorrelation, we spiyiaarefied the pints (Brown2014),

removing duplicate points and points that occur within 30 m of one another. The final dataset
consisted of 1,611 occurrence poiniisaple §.
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Table8. 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 aréacluded all land and water within 15 km of the coas# from Cape
Cod, MA to the VAorth Carolina border (approximately 23,150 kithis approach allowed
inclusion ofall 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 environmentaputs that describe important habitat characteristics. The
availability of geospatial landscape data, combined with comprehensive occurrence data,
allows for the examination of specibabitat relationships through statistal modeling

methods (Franklir2009).We used maximum entropy modeling software (Maxent version
3.3.3k)(Phillips et al. 2008p predict the probability of occurrence for terrapins across the
study area. Maxent has been applied to an assortment of conservatioesisg varying
geographic scalgglith et al. 2011and is advatageous for its relative ease of use and ability
to generate robust results for presenomly input data. Since absence data were not included
in the terrapin dataset (nor could true absences be confirmed), the data were considered
presenceonly. Given gegraphic 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 pointgElith et al. 2011)We assume no bias in the sampling of occurretata

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 feerform well for most model§Phillips and Duié 2008)

We tested the model using #0ld crossvalidation 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 (ROMrfeach 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
GKFY | NIXyR2Y o0 O13INRdzyR LRAYG 2F dzylrg 26y LINB
considered to have good f{Phillips and Dué 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 explantory power and is calculated as the drop in AUC resulting from the random
LISNXdzi F GA2y 2F SIF OK LINBRAOUG2NRIPhiligsoBT® | A Ay a
ascertain the range ofdbitat conditions thaterrapinson nesting excursionselect 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 indicatest 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 eaclueell val
represents the probability of species occurrence (bounded by 0 and 1) relative to the predictor
variableg(Phillips and Duié 2008) We applied the 10 percentile training presence threshold

to define these values as either preferred or not preferred nestiabitat (Phillips and Dué

2008, Rdder et al. 2009, Maslo et al. 2019)his 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 datdYoung et al. 2011)

Environmental data
We generated sevelandscapescale environmental predictors that likely influence probability

of occurrence oferrapinson nesting excursionsising temporally relevangnd publicly
available spatial dataset$#ble 9.
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PREDICTOR VARIABLI DATA SOURCE

MRLC National Land
Land cover Cover Database (Homel 2011
et al., 2015)

Distance to estuarine Derived from land cover
emergent wetland data

Area of emergent Derived from land cover
wetland data

USGS National Elevatior

Elevation 20002013

Dataset, 2002013

Derived from elevation
data

NOAA Environmental

Slope

Shoreline type
2014)

. . Derived from shoreline
Distance to shoreline o, -

Table 9. Model predictor variables and their sources.
TIME PERIOD OF DAT/

Sensitivity Index (NOAA, 19992014

DESCRIPTION

30-meter resolution land
cover classifications

Euclidean distance (m) tc
nearest estuarine
emergent wetland

Area (n?) of estuarine

emergent wetland within
a 108meter radius

30-meter resolution digital
elevation models

Slope(% rise) calculated
from elevation

Classifies shorelines base
on ESI ranking

Euclidean distance (m) tc
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 classificatio(isablel10).

Tablel0. 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
Bareland
Estuarine aquatic bed
Palustrine aquatic bed
Norrocean open water
Atlantic Ocean
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open watek t distinguish general characteristics such as salinity, tidal movements, and depth.

To examine the importance of esrine emergent wetlands on terrapin distribution, we

calculated the area of estuarine emergent wetland within a-f@adius using Fragstats

(McGarigl et al.2012). The 100n neighborhoodreflects the areal land coverage that terrapins

would likely encanter after emerging from the water in search of nest si@arger and

Montevecchi 1975, Roosenburg 1994, Roosenburg and Place. 1884Iso measured the

Euclidean distance to the nearest estuarine emergent wetland using ArcMap (ESRI 2014)

We obtained digithelevation models for each state in our study area from &G MNational
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 h@Biteger and
Montevecchi 1975, Palmer and Cordes 1988)sts must be made at elevations sufficiently
above the mean tide line to prevent inuation at high tidegRoosenburg and Place 1994,

Butler et al. 2004)Shallow slopes facilitate the digging of nests and mitigates nest erosion and
exposue (Burger and Montevecchi 1975)

We obtained shoreline datfrom theb h ! 'Efw@onmental Sensitivity Index maps (NOAA ESI
2014), which classify shorelines based on shoreline composition (e-garshlbrackiskwater
marshes; exposed, solid mamade structures; coarsgrained sand beaches). Shoreline
compositionrepresents the accessibility of upland nesting sites to terrapins from the water.
Natural shorelines facilitate upland movement across the {aqdatic interface, while hard
structures such as bulkheads prevent terrapins from accessingVenedk 2010, Roosenburg et

al. 2014) We condensed the oriigal NOAA classifications into eiglategories, grouping them

based on broader composition categories and likelihood of terrapins successfully crossing them
(Tablell).

Tablell Shoreline classifications used in the shoreline type variable for the species distribution model,
condensed fronoriginal (NOAA ESI 2014) classifications.
SHORELINE TYPES
Hard, mammade 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. haad-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 "fingrained sand/ shelteredprap / saltwater marsh" would be
reclassified as simply "sheltered riprap”. If none of the multiple shorelines were "uncrossable”,
we used the landwardnost shoreline type because this attribute was most consistently
present in the dataset. Since theiginal data from NOAA is in a line vector format, which has
no width, we generated shoreline type zones by expanding the shorelit@aepgapendicularly

by 300 mon either side, enough to capture the maximum distance that terrapins have been
observed to tavel to nest site¢Palmer and Cordes 1988, Roosenburg 1994, Feinberg and
Burke2003) An occurrence point falling within a shoreline zone would be assitgnin

respective shoreline type. Though terrapins may not travel perpendicularly from the shoreline,
we make the simplifying assumption that the nearest straigig distancerom 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 shoreatmid inundation at high tidéBurger 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. Fér gaclictor 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 suitaldeastalhabitat ranged fron0.31 to 0.78
(Figures 1224). We calculated a total of 332,691 hectaressaftable oastal habitatwithin the
study area. Suitableoastalhabitat 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 Rivéfigure ¥) (MA); Mount Hope BayFigure 1§ Point
Judith Pond, Nockum Hill Wildlife Refuge, &@bnochontaug Pond (RLittle Narragansett
Bay(RI)Fishers Island SourfBligure 1¥CT), and much of the €®ast of Long Island Sound;
Smithtown Bay, Pe@mic Bay, Shinnecock B@igure 20, and Jamaica Bay (NYArthur Kill,
Navesink RivefFigure 2}, Shark River, Barnegat B&reat Egg Harbor Bay {Ndhuch of the
coastalmarshland in southern NJ and the $hbre of the Delaware BalRehobothand Indian
RiverBays (Figure 22) (DE3gveral tributaries on the eastern side of Chesapeake Bay, Smith
Island, and Martin National Wildlife Refuffeéigure 23 (MD); along the southern shore of
Potomac River, Ingram Béyigure 24, Rappahannock River,@gmarshlands along the

northern mast of Virginia Beach (YA
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Buzzards'Bay,

©  Documented occurrence
Probability of occurrence
0.31-0.5
05-06

@ os-078

Figurel7. Westport River, Missachusetts. This areaagpotential focal area for terrapin surveys as there is some
documented terrapin occurrene, andthe modelpredicts there are areaof contiguous habitat anchigh
probability of occurrence.
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©  Documented occurrence
Probability of occurrence
0.31-0.5
05-06
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Figurel8. Mt. Hope Bay, Rode Island.This area i@ potential focal area for terrapin surveyasthe model
predicts there are areaof contiguous habitat anchigh probability of occurrence.
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JATIANTICIOCEAN]

Figure19. Little Narragansett Bay, Rhode IslandC A & K S N & @ornécticyt.Rhis{aalim( gotEntial focal
area for terrapin surveys as there is some documentedragin occurrenceand the model predicts there are
areas of contiguous habitat anchigh probability of occurrence.
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Figure20. Shinnecock Bay, & York.This area i@ potential focal area for terrapin surveys as there is some
documented terrapin occurrencén the surrounding areasand the model predicts there are aresof contiguous
habitat andhigh probability of occurrence.
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Figure21. Navesink River, 8w JerseyThis area i@ potential focal areafor terrapin surveys as there is some
documented terrapin occurrene; andthe model predicts there are aresof contiguous habitat anchigh
probability of occurrence.
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Figure22. Rehoboth Bay, Blaware.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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Figure23. Martin NWR, Maryland. This area is potential focal area for terrapin surveys as thered®cumented
terrapin occurrenceand the model predicts there are aresof contiguous habitat anchigh probability of
occurrence. There may other areas within the Martin NVERd Smith Island that is suitable.
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