
PLYMOUTH REDBELLY TURTLE 

(Pseudemys rubriventris) 

RECOVERY 
PLAN 

SECOND 
REVISION 

Northeast Region 
U.S. Fish and Wildlife Service 
Hadley, Massachusetts 



PLYMOUTH REDBELLY TURTLE

(Pseudemysrubriventris)

RECOVERY PLAN

SECOND REVISION

Preparedby

MichaelAmaral
New EnglandField Office

U.S. FishandWildlife Service
Concord,New Hampshire

for

NortheastRegion
U.S. FishandWildlife Service

Hadley,Massachusetts

Approved:

4 egional Director,Northeast n
U.S. FishandWildlife Service

MAY -6 99~Date:



EXECUTIVE SUMMARY
PlymouthRedbellyTurtle RevisedRecoveryPlan

CurrentSpeciesStatus: The Plymouthpopulationof the redbelly turtle (Pseudernysrubriventris) is
restrictedto approximately17 pondsandoneriver site in PlymouthCounty,Massachusetts.The total
numberof breedingageindividuals is believedto be about300. While an activeheadstartingprogram
hasintroducedturtles to severalnewpondsandthe river site,and hassignificantly increasedthe
numberof turtlesin otherponds,juvenile andsubadultheadstartedturtleshavenot yet reached
breedingstatus. It is thereforeprematureto evaluatethe ultimatesuccessof this effort. Continued
threatsto the speciesinclude restrictedrange,habitat alteration,low populationsize, andhigh
mortalityof eggs,hatchlings,and smalljuvenile turtles dueto nestfailure, nestdepredation,and
predationon hatchlingsfollowing emergence.The Plymouthredbellyturtle was listed as endangered,
with critical habitat, in 1980.

HabitatRequirementsand Limiting Factors: The Plymouthredbelly turtle is a large, freshwater
baskingturtle of deepcoastalplain ponds. It subsistsprimarily on aquaticvegetation,andrequires
goodwater quality andsuitable basking,nesting,andoverwinteringsitesfree from disturbance.
Among many limiting factorsarehabitat alterationandfragmentation,nestpredation,and high
hatchlingandjuvenile mortality rates.

RecoveryObjective: Reclassificationto threatenedstatusmay be feasibleby the year2000,and
eventualdelistingis an attainablelong-termobjective. Furtherresearchon limiting factorsand
appropriateinterventionstrategieswill benecessarybeforefull recoverycanbe achieved.

RecoveryCriteria: Reclassificationto threatenedstatuswill be consideredwhennumbersincreaseto
600 or morebreeding-ageturtlesdistributedamong15 or moreself-sustainingpopulations. Delisting
will be consideredwhennumbersincreaseto 1,000breeding-ageturtles in 20 or moreself-sustaining
populations(in ponds,lakes,andpossibly rivers). In additionto populationtargets,maintenanceof
sufficient habitat to allow long-term survival of the population,and an understandingof the turtle’s life
historyandhabitat requirementssufficient to adequatelymanagethepopulationwill berequiredto
meetthe full recoveryobjective.

Actions Needed:

1. Monitor the statusof populations,andsearchfor additionalpopulations.
2. Conductresearchinto limiting factors,particularly high nestpredationandmortality of

hatchlingandjuvenile turtles,as well aslife historystudiesandpossiblecontaminantsissues.
3. Protectandmanageoccupiedandpotentialhabitat.
4. Continuethe headstartprogramto enhancesmallpopulationsand establishnewpopulations.
5. Conductinformation andeducationprograms.

EstimatedCostof Recovery(in thousands)*:

YEAR Need 1 Need2 Need3 Need4 Need5 TOTAL

FYi 4.0 16.5 15.0 3.5 3.5 42.5
FY2 3.0 16.5 12.5 3.5 3.5 39.0
FY3 4.0 16.5 11.5 3.5 3.5 39.0
FY4 3.0 8.0 8.0 3.5 2.0 24.5
FY5-17 63.0 63.0 99.0 25.5 26.0 276.5

TOTAL 77.0 120.5 146.0 39.5 38.5 421.5

* Land acquisitioncostsnot included.



* * *

The RevisedRecoveryPlan for the PlymouthRedbellyTurtle reportson recovery

progressto dateandcompletionof various tasksspecifiedin earlierversionsof the recovery

planfor this endangeredspecies(U.S. Fish andWildlife Service1981, 1985). It also

delineatesfurtheractionsneededto protectandrecoverthe Plymouthredbelly turtle.

The plandoesnot representthe official positionof any individualsor agenciesother

thanthe U.S.Fish andWildlife Service. Recoveryplansare subjectto modification as

dictatedby new findings,changesin speciesstatus,andcompletionof recoverytasks.

Recoveryobjectiveswill be attainedand fundsexpendedcontingenton budgetaryconstraints

affecting the partiesinvolved, as well as theneedto addressotherpriorities.

Literaturecitationsshouldreadas follows:

U.S. FishandWildlife Service. 1994. PlymouthRedbellyTurtle (Pseudernysrub,~ventris)
RecoveryPlan,SecondRevision. Hadley, Massachusetts.48 pp.

Additional copiesof this plan maybe obtainedfrom:

Fish andWildlife ReferenceService
5430GrosvenorLane,Suite 110
Bethesda,Maryland 20814
301-492-6403
or
1-800-582-3421

Feesvaryaccordingto documentlength.
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PART I: INTRODUCTION

ThePlymouthredbellyturtle waslisted asan endangeredspecies,with critical habitat,

on April 2, 1980 (FederalRegistervol. 45, no. 65). The initial recoveryplanfor this species

wascompletedin 1981 and revisedin September1985.

In orderfor recoveryplansto retainutility, periodicrevisionsare essential. In the

nineyearssincethe Plymouthredbelly turtle planwas revised,an activerecoveryprogram

focusingon theheadstartingof hundredsof hatchling turtleshasbeencarriedout. In

addition,two recentstudieshaveled to a re-evaluationof thetaxonomyof thePlymouth

redbelly turtle. Therefore,thepurposeof this revisedplan is to provide an updateon

recoveryactionsandtaxonomicstudies,and to confirm the directionof the recoveryprogram

for thenext five years. This revision also identifies criteriafor delistingthe species,an

objective not consideredattainableat the time the earlierplanswere developed.

GENERAL DESCRIPTION AND ECOLOGY

The redbelly turtle,Pseudernysrubriventris, is a largebaskingturtle 10-12inches(254-

305 mm) in carapacelengthwhenmature. Colorationandpatternarehighly variable,but in

general,the carapaceis mahoganyto blackwith light chestnutto reddishverticalbarson the

laminae. Thenamerubriventris is from the Latin wordsrubidusfor reddish,andventerfor

belly, referringto the reddishplastron(Graham1991).

Considerablesexualdimorphismexists in body size and seuteproportions(Graham

1991). Femaleredhellyturtles are largerandhavea longerplastron,highershell,andwider

bridge,and plastralscutesarerelatively longerat the midline, exceptthe femoralscute,which

is slightly longer in males. Redbellyturtles,especiallymales,tendto becomemelanisticwith
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age. Backgroundcolor of the adult maleplastronis palepink overlaidwith darkvermicular

mottling; in femalesit is coral red with greyfiguresnarrowly borderingthe plates(Graham

1971b).

The front of theupperjaw hasa terminalnotch flankedon eachsideby a distinct

maxillary cusp. Thepresenceof maxillary cuspsdistinguishestheredbellygroup,which also

includesthe Floridaredbellyturtle (P. nelsoni)and the Alabamaredbelly turtle (P.

alabamensis).

Althoughmostof their time is spentin freshwaterponds,Plymouthredbellyturtles

may alsobe foundon land. In late spring and earlysummer,femalesselectnestingsites in

sandysoil, usuallywithin 100 yards(90 m) of thepond. Femalesoccasionallytravel greater

distancesfrom the pondsin searchof suitablenestingsites(J.D. Lazell, ConservationAgency,

ConanicutIsland, RhodeIsland,in list. 1980). In eachnest,an averageof 12 eggs(range5-

17) are deposited(Haskell1993). T.E. Grahamandcooperators(Graham1993) recently

confirmedthatasmallnumberof breedingfemalesre-nestin agiven year(producetwo

clutches). Incubationtakes73-80daysat 25oC(Graham1971a). The microclimateat

redbellyturtle nestscanaffect thesexratio of hatchlings(temperaturedependentsex

determinationor TSD). Cool nestswill producemore malesandwarm nestsmorefemales.

Hatchlingsaverageabout1.25 inches(32 mm) in length (range25.8-40.8mm).

Hatchlingsmay emergefrom neststo enterpondsin late summer,or overwinterin the nest

chamberand emergethefollowing spring. Sexualmaturity in Plymouthredbellyturtles is

probablyreachedin 15-20yearsin femalesand,perhaps,lessin males(T.E. Graham,

WetlandsandWildlife Associates,Rutland,Massachusetts,unpubl. data).

Plymouthredbellyturtles areusually activefrom late March to October. During the

winter theyrest on thebottomsof pondsunder the ice in a stateof relative inactivity or

hibernation. In regardto their feedinghabits,currentdatagatheredfrom wild specimens

suggestthat submergentaquaticvegetationis theprimary diet for all ageclasses,although

crayfish arealso eaten(Graham1969, 1981).
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RANGE AND TAXONOMY

The redbelly turtle,Pseudernysnibtiventris (LeConte1830), hasa relatively continuous

coastalplain distributionacrosssevenmid-Atlantic statesfrom easternNorth Carolinato

centralNew Jersey,anda disjunctpopulationin southeasternMassachusetts(Ernst and

Barbour 1972; Figure 1). The Plymouth,Massachusettspopulation is disjunctfrom themore

southernrangeof P. n~brivent,isby approximately250 miles(400 kin).

Southof New England,the northernmostredbellypopulationknownoccursin

MiddlesexCounty,New Jersey. Redbellyturtlesare alsoknown historically from New York

(Babcock1938, Carr 1952), andan introducedpopulationhasapparentlybecomeestablished

in Charleston,StatenIsland,New York (R. Zappalorti,HerpetologicalAssociates,Inc., in litt.

1992).

At the time of listing, the Plymouthredbelly turtle was only known to occurin 12

pondsin onecounty,and the total populationof subadultandadult redbelly turtleswas

estimatedto be fewer than200 turtles (T.E. Grahamunpubl.data). This populationis now

thoughtto occupy18 sites,in the towns of PlymouthandCarver,PlymouthCounty,

Massachusetts(Table 1, Figure 2). Basedon mark-release-recapturedata,the adult and

subadultredbellypopulationin Massachusetts,includingboth headstartedandnon-

headstartedindividuals (seeConservationMeasures),is now estimatedto number300-400

turtles.

Ten of the pondsthoughtto supportthe turtle arewithin a 1500-acre(608-ha)area

(U.S. FishandWildlife Service1981);nearlyhalf of the currentlyknown population(not

including headstartedturtles) is found in asingle location, FederalPond. Eight of the sites

haveno previousredbelly turtle recordsbeforethe initial releaseof headstartedhatchlings

(including threepondsandoneriver site to which the turtles werefirst introducedin 1993):

EastHeadPondin Myles StandishStateForest,Muddy Pondin Carver,ownedby the

MassachusettsDivision of FisheriesandWildlife, andHalfway IslandPond(French1990), as

well asGreatSouthPond,Halfway Pond,Little Long Pond,ForgePond, andthe Weweantic

River.
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Figure 1. Currentknown rangeof the redbelly turtle,
Pseudemysnibriventris
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Table 1. CurrentPlymouthredbelly turtle distribution

OccupiedSites Site Status

IslandPond Naturalpopulation;headstartedhatchlingsfirst released
in 1986

CrookedPond Naturalpopulation;headstartedhatchlingsfirst released
in 1985

GunnersExchangePond Naturalpopulation;headstartedhatchlingsfirst released
in 1987

HoytsPond Naturalpopulation;headstartedhatchlingsfirst released
in 1987

FederalPond Largestnaturalpopulation;headstartedhatchlingsfirst
releasedin 1987

WenhamPond Naturalpopulation;headstartedhatchlingsfirst released
in 1987

Muddy Pond Introducedpopulation;headstartedhatchlingsfirst
releasedin 1989

EastHeadPond Introducedpopulation;headstartedhatchlingsfirst
releasedin 1987

Louts Pond Naturalpopulation;headstartedhatchlingsfirst released
in 1990

Billington SeaPond Naturalpopulation;headstartedhatchlingsfirst released
in 1990

Big WestPond Naturalpopulation;headstartedhatchlingsfirst released
in 1987

Boot Pond Naturalpopulation;hcadstartedhatchlingsfirst released
in 1987

GreatSouthPond Introducedpopulation;headstartcdhatchlingsfirst
releasedin 1992

Halfway IslandPond Introducedpopulation;headstartedhatchlingsfirst
releasedin 1992

HalfwayPond Introducedpopulation;24 headstartedhatchlingsreleased
in 1993

Little Long Pond Introducedpopulation;24 headstartedhatchlingsreleased
in 1993

WeweanticRiver Introducedpopulation;34 headstartedhatchlingsreleased
in 1993

ForgePond Introducedpopulation;13 headstartedhatchlingsreleased
in 1993
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Figure 2. Locationsof archaeologicalsites,individual collection sites,and
critical habitatof the Plymouthredbelly turtle

wmESTB~

A RrLha~oIo~iraI Site

• Individu~I Specimen

~ Critical Habitat

miles
I I
0 20 40

vU’EYA~J ~

6



Waters(1962)suggeststhat the Massachusettspopulationmay bea relict from aonce

continuous,prehistoricdistributionacrossthe easterncoastalUnitedStates. P. rubriventris

couldhaveexpandedits rangewhenthe continentalshelfwas emergentduring thepost-

Wisconsinglacialperiod,laterbecomingisolatedasthe shelf submergedwith the retreatof

the glaciers.

Archaeologicalmaterialfrom Indian shellmiddensindicatesredbellyturtleswere

historicallymorewidespreadin Massachusetts(seeFigure2). Basedon archaeologicaldata,

the pre-colonialdistributionof redbelly turtlesprobablyextendedas far north as Ipswich,

EssexCounty (Bullen 1949,Waters1962) andConcord,MiddlesexCounty (Rhodinand

Largy 1984); as far west asWestborough,WorcesterCounty (Rhodin1992); and as far south

as Martha’sVineyard, DukesCounty (Waters1962, 1966, 1969).

A previouslyreportedPlymouthredbellyturtle specimen(MCZ 46965)found on

NaushonIsland in DukesCountyin 1944 (Waters1962,Lazell 1976) is nowconsideredto

representP. concinnaor P. floridana, which was probablyreleasedon the island (Graham

1982). Theidentities of threemorerecentlysightedturtles(1968, 1971,and 1973) on

NaushonIsland (Lazell 1976), including aroad-killed animal,remainin question. Another

specimen(MCZ 162300) founddeadin StageIslandPool at the southendof Plum Island,

EssexCountyin 1981 doesrepresentP. rubriventris. This locality is within 1.2 miles (2 kin) of

the GreatNeck, Ipswicharchaeologicalsite and 55 miles(88 kin) of thenearestknown

populationin PlymouthCounty (Graham1982).

The existenceof apopulationof Pseudernysturtles in Massachusettswasfirst

recognizedin 1869 (Lucas1916). Thispopulationwas studiedby Harold Babcock(Babcock

1916, 1917, 1919), eventuallyleading to his descriptionof anew subspecies,Pseudernys

rubriventris bangsi(Babcock1937), namedin honorof the naturalistOutramBangswho first

calledthe populationto Babcock’sattention. BabcockdifferentiatedP. r. bangsifrom the

nominaterace by the relatively highershellof the Massachusettsform, basedon

measurementsof eight Massachusettsspecimensand 12 specimensof thenominate,more

southerlyform.
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Severalauthorshavequestionedthe subspecificstatusof this population(Conant

1951,Carr 1952, Graham1969),and subsequentmorphometricstudieshavealternately

corroborated(Graham1978) andinvalidated(IversonandGraham1990) subspecific

designation. IversonandGrahamexaminedmorethan 200 redbellyturtles from throughout

the species’rangeandfound existenceof clinal variationin somephysicalcharactersfor

males(e.g.,plastronlengthat midline/maximumcarapacelength),but no obviousgeographic

patternsamongfemales. Iversonand Graham’suni- and multivariateanalysesled these

authorsto concludethat no geographicpopulationexhibitedenoughmorphological

distinctionto warrantsubspecificstatus.

A recentstudyby Haskell(1993) andR.A. Browne(WakeForestUniversity, unpubl.

data)examinedgeneticdivergencebetweenredbelly turtle populationsin Massachusettsand

New Jersey.Twelveproteinenzymeswere examinedwith allozymeelectrophoresisusing

blood (N~ 123) andmuscle(N=40) samplesthat werenonlethally collectedfrom redhelly

turtles. No variability wasfound for eight of 12 loci examined,andonly slightvariability was

found for four loci. This study suggeststhat little geneticdivergencehasoccurredbetween

Massachusettsand New Jerseyredbellyturtles (D1=0.O001);i.e., redbellyturtles in

Massachusettsarenot geneticallydistinct from thosein New Jersey.This low genetic

divergenceis further reinforcedby remarkablysimilarnuclearsequencecomparisonsamong

populationsthroughoutthe species’range (S. Daviset al. pers.comm.).

Haskell(1993)pointsout that theamountof geneticdivergencebetweenthe

MassachusettsandNew Jerseyturtlesmayhavebeenunderestimated,becausethenumberof

loci examinedgreatly influencesthe measurableamountof divergencebetweenallopatric

populations(Richardsonetal. 1986). The lack of variationobservedcould be partially the

resultof tissueselection(limited to nonlethalmusclebiopsy andblood of Massachusetts

specimens),with fewer variableloci thus observed.Nonetheless,otherstudiessuchas

Scribneretal. (1986)havedemonstratedgeneticvariationamongpopulationsof the

freshwateryellow-belliedslider turtle (Pseudemyss. scr4~ta) usingonly blood andmuscle

samples(Haskell 1993).

1 A Neis D valueof 0 indicatesno difference, and a valueof 0.02 for reptiles is usually sufficient for
subspecificdistinctions.
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Basedon the findings of IversonandGraham(1990),and Haskell(1993) andBrowne

(unpubl. data),thePlymouthredbellyturtle appearsinsufficientlydifferent from southern

redbellyturtles to warrantsubspecificstatus. Therefore,useof the trinomial P. r. bangsiis no

longer appropriate(IversonandGraham1990). However,thecommonname,Plymouth

redbelly turtle, retainsutility in describingthe geographicallyisolatedMassachusetts

populationthat is the subjectof this plan.

STATUS AS A DISTINCT VERTEBRATE POPULATION

The recentchangein taxonomy(Graham1991) of Pseudernysrubriventris posesthe

questionof whetherthe Plymouthredbellyturtle populationqualifiesfor continued

protectionand recoveryeffort pursuantto the EndangeredSpeciesAct of 1973 (16 U.S. 1531

et seq.). An evaluationis warrantedbecausethe redbelly turtle doesnot currentlyappearto

be threatenedor endangeredin the southernportionof its range,from New Jerseyto North

Carolina (NortheastNongameTechnicalCommittee1993).

Congress,in passingthe 1979 amendmentsto theEndangeredSpeciesAct, allowed

theSecretaryof Interior to list asan endangeredor threatenedspecies,any “... subspeciesof

fish orwildlife orplants,and any distinct populationsegmentof anyspecies[ofi vertebrate

fish or wildlife which interbreedswhenmature.” Currentinterim U.S. FishandWildlife

Servicepolicy (June1992) requiresthat theprimaryfactorsto beconsideredwhenevaluating

theappropriatenessof listing apopulationsegmentarebiological significance,ecological

characteristics,and geographicaldistribution.

The Plymouthredbellyturtle meetsthefollowing criteriafor protectionas a distinct

vertebratepopulation: it is isolatedfrom all other redbellypopulationsby adistanceof over

250 miles, it is geneticallyisolated,and Plymouthredbellyturtles exhibit a narrowerhabitat

occurrencethanthemore southerlyredbelly turtles. While PlymouthP. rubriventris have

beenfound only in ponds,redbellyturtlessouthof New Englandarefrequentlyfoundin

riverain habitat(Graham1991).
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The Massachusettsredbellyturtles may haveaddedbiological significanceinsofar as

theyareadaptedfor their specifichabitatandlocal conditions. Selectivepressuresareoften

strongestat rangeextremities,wherethe greatestenvironmentalchallengesto survivalare

faced(Schonewald-Coxet al. 1983).

CRITICAL HABITAT

Elevenpondswere originally proposedas critical habitatfor the Plymouthredbelly

turtle (FederalRegisterVol. 43, no. 98, May 19, 1978); critical habitatwasthen re-proposed

(FederalRegisterVol. 44, no. 179, September13, 1979) as a result of the 1978Amendmentsto

the EndangeredSpeciesAct. In that re-proposal,critical habitatwas enlargedto an

approximate6900-acre(2790-ha)areabasedon the recognitionthat theredbelly turtle

requiresnot only aquatichabitat,but also uplandareasfor egglaying andto accommodateits

propensityto moveconsiderabledistancesfrom theponds.

Followinga seriesof public participationmeetingsand hearings(October17, 1979;

January15 and29, 1980), review ofpublic comments,andinteractionswith biologistsof the

Commonwealthof MassachusettsandDr. T.E. Graham,the final critical habitat

determination(FederalRegisterVol. 45, No. 65, April 2, 1980;Figure3) wasreducedto

approximately3269acres(1320 ha) (Anon. 1981). Basedon the bestscientificdatathen

available,this configurationandacreagewere deemedsufficient to providefor both the

preservationand recoveryof the species. Unfortunately,FederalPondis not within the

critical habitatbecausethis importantredbellyturtle populationwas not discovereduntil after

the designationwas made.
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FACTORS CONTRIBUTING TO ENDANGERED STATUS

In thefinal rule listing the Massachusettsredbelly turtle anddesignatingcritical

habitat(U.S. Fish andWildlife Service1980),the following factorsthat may adverselyaffect

the turtle andits habitatwere identified: adversemodificationof waterquality, suchas

siltation from landclearingadjacentto ponds;pollution and eutrophicationof ponds;

pollution of groundwateror reductionin the levelsof pondsfrom groundwaterpumping,

which could adverselyaffect aquaticinvertebratesandvegetation(the basisfor foodand

shelterfor turtles); anydrainingor filling of wetlandsadjacentto occupiedponds;and

shorelinemodificationsuchasfilling, dredgingfor beaches,dikes, real estatedevelopmentor

similar typesof activity. A discussionof theseand otherknown orpotential limiting factors

follows.

ThePlymouthredbellyturtle’s small populationsizeand restrictedrangeareforemost

amongthe factorslimiting its long-termviability. As a small, isolatedpopulation,the

Plymouthredbelly turtle may be subjectto inbreedingand geneticdrift, which canreduce

geneticvariability andpotentiallydecreasesurvivorship. Further,bothmark-recapture(T.E.

Grahamunpubl.data)and geneticanalysesof turtles from FederalPondand nearbyIsland

Pond(Haskell1993) indicatethat thesepondsrepresentdisjunctbreedingpopulations,

possiblyaffectingintra-populationgeneticvariability. Geneticexchangeand movement

(immigrationandemigration)may be necessaryto sustainsmall populationsthroughperiods

of naturaldemographicfluctuation.

Climatic factorscouldbe contributingto the Plymouthpopulation’s tenuousstatusas

anortherndisjunct relictof a southernspeciesin a diversebut primarily southerngenus.

Exceptfor theversatilered-earedturtle (formerlyPseudernysscnptaelegans,now considered

in the genusTrachernys),no othermemberof thegenusoccursfarthernorth thanMaryland.

Climatic constraintsplay an importantrole in incubation,hatchingsuccess,and thesuccess

andtiming of emergenceof Plymouthredbellyturtles (T.E. Grahampers.comm).

It is difficult to determineto what extentanthropomorphiceventshavecontributedto

thePlymouthredbelly turtle’s rarity; however,basedon a reviewof turtle remainsfrom

severalNew EnglandIndian middens,Rhodin (1992) reportsthat theformer New England
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distributionof redbellyturtleswaswider than it is now, andsuggeststhat local extirpations

occurredat leastpartially asaresultof the predatorypressureof prehistoricman.

Theturtle hasalsobeensubjectto environmentalpressuresin morerecenttimes.

ThePlymouthCountyarea,particularlylandalongpond shores,underwentaperiodof rapid

residentialandcommercialdevelopmentduring the 1970sand 1980s. While the rateof

developmenthasslowedrecently,continuedhabitatmodificationand urbanizationare

thoughtto be inimical to thePlymouthredbellyturtle.

Long-termchangesin landusepracticessuchasthoseassociatedwith development

and recreationmay causeloss of undisturbednestingandbaskingsitesfor the redbellyturtle.

Closureof the forestcanopyalsoplaysa significantrole in diminishing habitatsuitability for

the turtle. In pre-colonialandearlycolonialperiods,the pinebarrenhabitatthat makesup

most of PlymouthCountywasfrequentlyburned. At that time, the regionwasa mosaicof

pitch pine, scruboak barrenswith frequentopenings,andgrasslandsin which the heathhen

(Tympanuchusc. cupido) wascommon. Today, the areahaslargely beenprotectedfrom fire

andmostof theremainingundevelopedareasare closed-canopypineforest. Theseclosed-

canopyforestssurroundmostponds;hence,suitablenestinghabitatthat receivesadequate

heat(sunlight) for incubationis scarce.Such changesin habitatconditionsmay resultin

delayedsexualmaturityand frequencyof breeding. Although thereappearsto be a scarcity

of good nestinghabitat,theeffectson nestsite selection,incubation,andpredationrateson

the populationasa whole arepoorly understood.

Further,habitatfragmentationcausedby developmentandbarrierssuchas roadsand

streamchannelalterationmay haveeliminatedmany of thenaturalmovementcorridors

betweenponds. Unpublisheddata(T.E. Graham)suggestthat adult male turtlesmay move

from pondto pondmorefrequentlythanfemales. The observationthat fewer adult males

thanfemalesarecapturedin the four study pondssuggeststhat maleshaveahigherdispersal

rate,a highermortality rate,orboth. However,sexratios of adult turtles mayalso be

influencedby temperaturedependentsexdetermination(TSD).

Habitatalterationasa result of agriculturaldevelopmentandpracticesmay alsobear

on the statusof this redbellyturtle population. It is unknownto what extentPlymouth
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redbellyturtleshavebeenaffectedby the growthof thecranberryindustryin Plymouth

County. Cranberrybog acreagehasincreasedsubstantiallyduring the lastcenturyandthe

industryownsand managesconsiderableacreagein southeasternMassachusetts.2While the

bogsare a monocultureof Vacciniurnmacrocarpon,andconsideredof low value to P.

rubriventris, manyof thereservoirsand uplandwatershedareasmanagedby the industry

providehigh quality habitatfor theturtle. Someof theseareashavebecomeincreasingly

importantto theconservationof the Plymouthredbellyturtle (suchasFederalPond),as

othersurroundinghabitatwas lost to residentialdevelopmentor becameovershadedthrough

forestsuccession.

Manipulationof aquaticvegetation,including herbicideuse,mayimpact quality and

quantity of food resourcesfor the turtle. The turtlesmay alsobe affectedby useof

insecticidesandotherchemicalsin forestry, agriculture,or mosquitoabatement.Although

thecranberryindustryuseda substantialamountof organochlorine-basedandother

pesticidesin PlymouthCountyfrom the late 1940sto 1960s,no studieshavebeenundertaken

to determinewhetherlong-lived redbellyturtlescarrypesticideburdens.Since 1970, safer

chemicalagents(insecticides,herbicides,fungicides,andfertilizers) arebeingusedby

cranberrygrowers,aswell asin mosquitoabatementandsilviculture. While mostof these

chemicaltreatmentsareconsideredless toxic to wildlife thanwere previousagents,the

synergisticeffectsof two ormore overlappingchemicalagentsis unknown. Unanswered

questionsaside,the cranberryindustryin PlymouthCountyhasbeenvery supportiveof the

recoveryeffort, andindividual growersareimportantpartnersin theprogram.

Limiting factorsfor (non-headstarted)hatchlingand juvenile (< 160 mm carapace

length)Plymouthredbellyturtles are still largely unknown. Low nestingsuccessandhigh

juvenile mortality aresuspectedto be importantfactorslimiting populationgrowth, although

protectingnestsand releasingheadstartedturtlesmaybe effectiveshort-termmeasuresto

counteractthis problem. Thesurvivalof hatchlingsandtheir recruitmentinto the breeding

populationare essentialif the nestprotectionand headstartprogramsare ultimately to

succeed.Available data(T.E. Grahamunpubl.data,Haskell 1993) indicatethat non-

Total acreagein southeasternMassachusettsownedby thecranberryindustry includingbogs,associated
reservoirs,and upland watershedsis about62,000 acres(J.L. Carlson,CapeCod CranberryGrowers
Association,in litt. 1993).

2
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headstartedhatchlingsreleaseddirectly into pondsmay experiencecloseto 100%mortality;

however,markerloss may alsocontributeto the lack of recoveries.Evenheadstartedturtles,

particularly thesmallerindividuals, undergosignificantannualmortality in CrookedPond

(averaging35%)for turtles < 65 mm carapacelength (Haskell 1993).

Resultsof a long-termlife history studyof Blanding’s turtles (Ernydoideablandingii) in

Michiganwererecentlyreportedby Congdonet al. (1993). A life table developedfor the

study populationresultedin a 37-yearcohortgenerationtime and requireda72% annual

survivorshipofjuvenilesbetween1 and 13 yearsof ageto maintain a stablepopulation. The

authorsreportthat populationstability wasmost sensitiveto changesin adult or juvenile

survival and lesssensitiveto changesin age at sexualmaturity, nestsurvival, or fecundity.

Congdonet a!. (1993)concludedthat successfulmanagementandconservationprogramsfor

long-lived organisms,like turtles andtortoises,will be thosethat recognizethat protectionof

all life stagesis necessary.Recoveryprogramslimited to headstartingand/orprotectionof

nestingsites,in the absenceof effortsto reducemortality of olderjuvenilesand adults,will

be less thanadequate.

Thewidespreadintroductionand translocationof severalpredatorysportfish suchas

smallmouthbass(Micropterusdolomieui),largemouthbass(M. salmoides),chainpickerel

(Esoxniger), brownbullheads(Arneiurusnebulosus),andwhite perch(Moroneamericana)may

be playing akey role in the low survivorshipof hatchlingturtles,althoughno studieshave

beenundertakento addressthis possibility. Recentwork by Britsonand Gutzke (1993)

foundthat largemouthbassquickly learnto avoid eatinghatchlingred-earedslider turtlesand

speculatedthat onceswallowed,theclawing andscratchingof theyoung turtles madethem

unpalatable.

Relativeto predationby indigenousanimals,T.E. Graham(1984) reportedthat

Plymouthredbellyhatchlingsare consumedby bullfrogs (Ranacatesbeiana),and in 1993, five

of eight bullfrogscapturedandexaminedcontainedhatchlingredbellyturtles,with two

hatchlingspresentin thestomachof the largestfrog (Graham1993). Predationof hatchlings

by othernative speciessuchas herons,snappingturtles (Chelydraseipentina),andraccoonsis

suspectedbut poorly documentedfor the redbellyturtle. Depredationof unprotectednests

at FederalPondby raccoons(Procyonlotor) and stripedskunks(Mephitismephitis),whose
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populationstendto increasewith residentialdevelopmentandhabitatfragmentation,is

relatively high (T.E. Grahamunpubl. data)and is almostcertainlyamongthe limiting factors

for this speciesin Massachusetts.

Otherpossiblethreatsto Plymouthredbelly turtles include collectionandharassment

by humansaswell asincidentalmortality from highway traffic, agriculturalvehicles(Graham

unpubl.report 1991),shooting,andpets(Graham1984).

CONSERVATION MEASURES

RegulatoryProtection

In additionto its Federallisting asendangeredandthe designationof critical habitat,

thePlymouthredbelly turtle is listed asan endangeredspeciesby the Commonwealthof

Massachusetts(Mass.GeneralLaw, chapter131 A, 321 CMR 10.00). In July 1986, awildlife

amendmentto the MassachusettsWetlandProtectionAct (Mass.GeneralLaw, chapter131,

sections40 and40A), andsubsequentregulationsapprovedin November1987,provided

relatively stringentprotectionto all the pondsknownto be inhabitedby redbellyturtles

currentlyor during the past25 years(French1990). This amendmentprovidesprotection

from alterationto pondsoccupiedby redbelly turtles. Most if not all pondswith redbelly

turtles in Massachusettshavebeendesignatedas“estimatedhabitatfor state-listedrare

wetlandswildlife”.

Habitat Protection

Habitat protectionat pondswith existingor recentredbellyturtle populationsis

identified asa high priority managementactivity (U.S. FishandWildlife Service1985). In

1980, the MassachusettsDivision of FisheriesandWildlife acquireda 70-acrepropertyin

Carverthat includedMuddy Pond. Becauseof the protectedstatusof Muddy Pondandits

proximity to existing Plymouthredbelly turtle populations,headstartedturtleswere released

thereover athree-yearperiodto establisha newpopulation.
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As recommendedin the initial recoveryplan,the U.S. Fishand Wildlife Service

acquired183 acresfrom The NatureConservancyin 1983 which includedCrookedandDuck

Pondsand a sectionof the shorelineof GunnersExchangePond. This sitewasdedicatedas

theMassasoitNationalWildlife Refugein 1984,with its primarypurposebeing theprotection

of thePlymouthredbellyturtle. While therefugeis within the NationalWildlife Refuge

System,managementis sharedthroughacooperativeagreementwith the Massachusetts

Division of Fisheriesand Wildlife.

Sincethe establishmentof MassasoitNational Wildlife Refuge,no otherundeveloped

pondwith an existingor recentredbellyturtle populationhasbeenearmarkedfor habitat

protection(French1990). However,mostof thehabitatfor this speciesis in private

ownership,andoptionsfor ensuringlong-termprotectionand managingnestingsiteson

undevelopedwaterfrontparcelsrequirefurtherevaluation.

TheNatureConservancyhasdevelopeda landregistryprogramin Massachusettsthat

is designedto protectrarespeciesand uniquehabitatson privatelands. Siteson Great

SouthPondhavebeenincludedin this system. Ownersof thesesitesvoluntarily

agreeto avoid activitieson their landsthatwould bedetrimentalto theturtle. These

agreementsarenot legally binding but havea history of success.

Protectionof Nests

Nestpredationcan severelylimit recruitmentof young turtles into abreeding

population(Congdoneta!. 1987). Accordingly,during theredbelly turtle nestingseasonin

Massachusetts(late May to earlyJuly), researcherslocatenestsat FederalPondandprotect

themfrom predationby installing wire exelosures.In theperiod from 1982 to 1984, 16 nests

wereprotectedwith exclosures,while 31 additionalunprotectednestswere raidedby

predators.From 1987 through 1993,a total of 230 nestsfoundat FederalPondwere

protected,andin 1993 alone,a record71 nestswereprotected(Graham1993). From 1987 to

1991, thehatchingsuccessof 95 protectedFederalPondnestswas83% (Haskell1993);

hatchingsuccessat unprotectednestsis presumedto be low, althoughit hasnot been

quantified.
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Nestsprotectedwith wire exelosuresarecheckedwhenhatchingand emergenceare

anticipated.Emergedyoungare thenmeasured,marked,andeither transferredto

headstartinginstitutionsor releaseddirectly into theirnatalpond.

Headstarting

Headstartingis a conservationmeasureusedto increaseturtle numbersby offsetting

thehigh mortality rateof first-yearturtles in thewild. Eggsand/orhatchlingturtlesare

broughtinto captivity, andhatchlingsareheldin aquariumsat aboveambientwater

temperaturesandfed a diet of red leafor romainelettucesupplementedwith Repto-min@.

Headstartedhatchlingsgrow rapidly andcangenerallyattain sizestwo to six times (carapace

length) that of similar-agedturtles in thewild. ‘When released,headstartedturtlesare

presumed,simply by their largersize, to experiencegreatly reducedmortality from predators

suchasgreatblueherons,raccoons,bullfrogs, and fish. Youngheadstartedturtlescanbe

either returnedto theirnatal pondor translocatedto newhabitatto supportrecovery

objectives.

An initial experimentalreleaseof five headstartedPlymouthredbelly turtleswas

conductedin 1980. In 1984,an activeheadstartingprogramwasinitiated and hasbeen

conductedannuallysince. In total from 1985 through1993, 823 headstartedturtleswere

releasedinto 17 pondsandone river (Table2).

Survival of hatchlingturtles in captivity is high (about90%). Averagesurvivalof all

headstartedhatchlingsreleasedin CrookedPond(MassasoitNationalWildlife Refuge),as

indicatedby recapturesof markedindividuals in subsequentyears,also appearsto be high

(80%) (Haskell 1993,T.E. Grahamunpubl.data). Threeof five headstartedturtlesreleased

in 1980werefound alive andhealthytwelveyearsafterrelease(1992),suggestingrelatively

successfullong-termsurvival.

In orderto avoid depletingthe “source” population,lessthanhalf of the emerged

young from FederalPondnestsare retrievedfor theheadstartingprogramin anygiven year,

i.e., by design,an equalor greaternumberof emergedhatchlingsare releaseddirectly into

FederalPond. Unfortunately,the fate of thesehatchlingsis unknown. Noneof the 852
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Table 2. Summaryof all headstartedPlymouthredbellyturtlesreleasedfrom 1985-1993into pondslocatedin Plymouth,Massachusetts.
Adaptedfrom Haskell 1993 andT.E. Grahamunpubl. data.

ReleaseYear

ReleasePond 1985 1986 1987 1988 1989 1990 1991 1992 1993 Subtotal

Island -- 9 -- 10 6 -- -- 3 28

Crooked* 13 30 9 11 8 5 5 -- 81

GunnersExchange -- -- 10 14 15 -- -- -- 39

Hoyts -- -- 10 13 -- -- -- -- 23
Federal -- -- 23 32 24 16 10 17 122

Wenham -- 9 9 15 -- -- -- 33

Muddy -- -- 15 19 10 -- 44

EastHead 23 29 25 11 10 -- 98
~ Louts -- -- -- 20 6 17 -- 43

Billington Sea -- -- -- 20 11 17 -- 48

Big West 9 10 14 -- -- -- -- 33

Boot 14 20 15 10 -- -- 59

GreatSouth -- -- -- -- 35 24 59

Halfway Island -- 18 -- 18
Halfway -- 24 24

Little Long -- 24 24

WeweanticRiver -- 34 34

Forge -- 13 13

Total 13 39 107 148 137 91 62 107 119 823

Hatchlings(HA) also directly releasedinto CrookedPond: 5 Island PondHA were releasedin 1980, of which3 wereknownto be alive in 1992; also,5 Island PondHA
and10 FederalPondHA were releasedin 1982 (all ~ 50 mm), of which nonewereevercapturedagainandall arepresumeddead.



(non-headstarted)hatchlingsmarkedandreleaseddirectly into FederalPondbetween1984

and 1992havebeenobservedagain(T.E. Grahamunpubl. data). However,researchers

questionwhetheror not the small scutalnotchinscribedin the tiny hatchlingturtles is

detectablein subsequentyears. Theefficacyof a permanentmarkingscheme,suchas an

implant tag, is beingexplored.

The successof theheadstartingprogramwill be gaugedby the establishment(or

enhancement)of self-sustainingpopulations. Basedon acomparisonof the size of nesting

femaleredbellyturtles (definedasfemales> 280 mm straight-linecarapacelength)with the

sizeof headstartedturtlesrecapturedin thefield (range146-186mm), it maybe anotherfive

yearsbeforefemaleheadstartedturtles reachsexualmaturity (Haskell 1993). Three

headstartedmaleturtles releasedin 1980and recapturedin 1992exhibitedsecondarysexual

characteristics(Haskell1993).

As no femaleheadstartedredbellyturtles havereachedsexual(reproductive)maturity

yet, it is prematureto evaluatethe ultimate effectivenessof the headstartingprogram. This

notwithstanding,progresshasbeenmadetowardtheparallelobjectivesof increasingthe

overall numberof Plymouthredbelly turtles,particularly the numberof turtlesin pondswith

small populations,andin establishing“new” populationssuchasthoseat EastHeadPond,

MuddyPond,andHalfway IslandPond.

Throughextensivetrappingefforts (T.E. Grahamunpubl.data),Haskell(1993)

evaluatedboth age-andsize-specificsurvival ratesof headstartedredbelly turtles. Haskell

reportsthat, overall, survivorshipof headstartedturtles in CrookedPondappearsto be lower

during the first yearfollowing release(73%); thereafterthe probabilityof surviving is higher

(> 85%). The lower survivorshipof first-year turtlesappearsto be size-related,with

individualsmeasuring=65 mm carapacelengthhavingsubstantiallylower probabilityof

surviving thanturtles > 65 mm carapacelength in size. This is suspectedto be thecasein

other releasepondsaswell. Headstartedturtles thathavenot reachedreproductivematurity

are exhibitingstrongsite fidelity to their releaseponds(T.E. Grahamunpubl.data,Haskell

1993).
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Populationpressuresmay becomeevidentasthe upperlimit to the numberof

headstartturtlesthat a pondecosystemcansupport is reachedand exceeded.For example,

populationestimatesfor redbelly turtles in CrookedPondduring theperiod 1986 to 1991

remainedrelatively stableat 40 turtles despitethereleaseof 68 headstartedhatchlingsinto

thepondduring the sameperiod. Further,intraspecificcompetitionbetweenredbellyturtles

in CrookedPondis suspectedbecauseof the increasedincidenceof carapacebite wounds

(T.E. Grahamunpubl.data).

TheFederalPondpopulationservesasthe almostexclusivesourceof headstarted

turtlesreleasedin IslandPondand manyotherponds. Theresultantpaucityof geneflow

betweenpondpopulationsmay be detrimentalto thespecies,especiallyif further

mitochondrialgeneticresearchindicatesthat FederalPondturtleshavelower genetic

heterozygositythan IslandPondturtles. The studyby Haskell(1993)and R.A. Browne

(unpubl.data),which examinedvariability betweenthe Massachusettsand New Jersey

redbelly populations,also lookedat the degreeof geneticvariability amongsubpopulationsof

thePlymouthredbellyturtle. In this study,measuresof geneticvariability (%Pand mean

heterozygosity,respectively)were higherfor the Island Pondpopulation(0.250,0.042) than

thoserecordedfor theFederalPondpopulation(0.083,0.002). This suggeststhat

supplementingthe IslandPondpopulation(wheregeneticvariability is higher) with

headstartedturtlescollectedfrom FederalPondcould result in lower geneticvariation.

However,consideringthe limitations of allozymeelectrophoresisin assessinggenetic

variability, further analyses(mtDNA) of Massachusettspopulationsare strongly

recommendedbefore conclusionsare drawn.

Population Monitoring

Redbellyturtle populationsin severalponds(Federal,Crooked,GunnersExchange,

Hoyts, andIsland) havebeenmonitoredto evaluategeneralhealth,relativepopulationsize,

movementof markedturtles,and survivorshipof individuals. Populationestimatesfor these

pondsarepresentedin Table 3. Periodicmonitoringefforts will continuefor selectedponds,

with increasedemphasisplacedon recordingthe trappingeffort, in order to obtainmore

meaningfulcomparisonsand trenddata.
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Table3. Populationsize and recapturesof headstartandextantredbelly turtlesbetween1979 and 1991 at four pondsin PlymouthCounty,
Massachusetts(adaptedfrom Haskell 1993).

Pond PondSize Year (SE)

~ of HS*

Releasedb

~ of Nos.

Captured

Proportionof Total Captures

Headstarted

Turtles New Marksc

Crooked 4ha 1979d 3 e 0 3 0.00 0.67
(9.9 ac) 1986~

1991~
37
40

(5.52)
(1.39)

43
81

27
39

0.89
1.00

0.00
0.00

Island 5 ha 1979d 25 e 0 24 0.00 0.38
(12.4 ac) 1991~ 70 (4.16) 25 60 0.20 0.25

GunnersExchange-
Hoyts

18 ha
(44.5 ac)

1979d

1987k

1991~

12
22
67

(
(2.63)

(13.36)

2
20
62

11
22
24

0.00
0.36
0.70

0.55
0.27
0.06

Federal
52 ha
(128.4ac)

1981d
1991~

158
171

(9.74)
(36.45)

1
105

120
66

0.00
0.20

0.62
0.21

* headstartedturtles

estimatedpopulationsizesin 1979werecalculatedusingthe Schnabelestimator;all otherscalculatedusing programCAPTURE.
b cumulativesumof all headstartturtlesreleasedinto a specificpond by that surveyyear.

proportionof extantturtlescapturedduringthat yearnot caughtin previousyears.
surveyoccurredbeforeheadstartturtleswereintroduced.

datanot available.
surveyoccurredafter headstartturtleswereintroduced.



Only previouslymarkedheadstartedturtleswere capturedin CrookedPondin 1991.

Of 40 animalscaptured,mostappearedto be in goodhealth,andcarapacemeasurements

confirmedthat CrookedPondredbelly turtlesgrew appreciablyduring theyearprior to their

recapture(Graham1992). Thesefindings provide encouragingevidenceof the generalgood

healthand successfulrecruitmentof headstartedturtles into thepopulation(Graham1992).

HabitatManagement

Researchsuggeststhat becauseundisturbednestingsiteswith amplesunlight are

scarcein PlymouthCounty,managementto improveor providenestinghabitatmay benefit

both hatchingsuccessand earlyhatchlingsurvival. However,to datetherehavebeenonly

limited efforts to improveor managehabitatat occupiedponds. In 1985, theYouth

ConservationCorpsclearedasmall area(20 x 60 feet) alongthe shoreof CrookedPondin

the MassasoitNationalWildlife Refuge. Unfortunately,thispond currentlyhasno adult

femaleredbelly turtles,so it is not possibleto evaluatethe potentialeffectivenessof the

managementeffort. Snappingturtles and paintedturtles (Chyrsemyspicta) haveutilized the

site,whichT.E. Graham(pers.comm.) reportsis quickly succeedingto pinescrub.

In somelocationssuchas FederalPond,cranberrygrowersincidentallymaintainopen

nestinghabitat,andredbellyturtles activelyseekout the sandyroads,dikes,and adjacent

uplandsto nest. Brushclearingandoccasionalearthmoving in areasusedby the turtles

seemto enhancethedesirability of theselocations,sincenestingfemalessometimes

demonstratepreferentialuseof recentlygradedsites (T.E. Grahampers.comm.).

Researcherssometimesprovide additionalbaskingsites (logs) during thereleaseof

headstartedturtles by placingfallen treesfound closeto thewater’sedgeinto shallowwater.

Efforts to identify uniquefeaturesof Plymouthredbellyturtle habitathavebeen

inconclusive.Preliminaryresultsof a multivariateanalysisof habitatparameters(primarily

water chemistry)showedno significantdifferencesin habitatcharacteristicsbetweenponds

thatwere inhabitedandpondsnot inhabitedby the turtle (T.E. Grahamunpubi.data).
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RECOVERY STRATEGY

Thefuture emphasisof Plymouthredbelly turtle recoverywill be on habitatprotection

andturtle survival. Efforts will be madeto ensurelong-termgeneticviability by maintaining

geneflow amongthe separatepondsthat comprisethis population’shabitat.

While headstartingwill continueto be usedasameansto bolsterexistingpond

populationsor introduceturtles to additionalponds,the programwill be seenasan integral

componentof amulti-facetedapproachratherthanasthecentralfocusof recovery. Turtles

will not be introducedto additionalrivers unlessand until the implicationsof the initial river

introductionaremorefully understood.

Increasedattentionwill be given to monitoringturtlesduring all life stages,and to

determiningthe significanceof thevariouslimiting factorsdescribedin the precedingsection

of this plan. If evidenceof sufficient recruitmentandsurvival is shownover time, the

Plymouthredbellywill be reclassifiedfrom endangeredto threatenedstatus,andthe recovery

programwill proceedtoward achievingfull recovery.

24



PART II: RECOVERY

RECOVERY OBJECTIVES

Theprimary objectiveof this revisedrecoveryplan is to restoreaself-sustaining

populationof thePlymouthredbellyturtle in southeasternMassachusettsso that protection

under the EndangeredSpeciesAct is no longernecessary.While the reclassificationobjective

outlinedin the 1985 revisedRecoveryPlan (U.S. Fish & Wildlife Service1985) hasnot been

modified in the presentdocument,a newdelisting objectivehasbeenidentified.

Reclassificationto threatenedstatuswill be consideredwhen:

thePlymouthredbellyturtle increasesfrom the currentpopulationlevel of

approximately300 breeding-ageindividuals to a total of 600breeding-ageindividuals

distributedamonga minimum of 15 self-sustainingpopulations.

Although the turtle’s restrictedrangemay remaina limiting factor, delistingwill be

consideredwhen:

the distributionof thespeciesis expandedto 20 or more self-sustainingpopulations

(in lakes,ponds,and possiblyrivers) andnumbersareincreasedto a total of 1,000or

morebreeding-ageindividuals.

Sufficient habitatis protectedto allow long-termmaintenanceof thepopulation.

Knowledgeabouttheir life history, habitatrequirements,andlimiting factorsis

sufficient to effectively protectand managethe turtlesand theirhabitat.

Dueto thedelayedsexualmaturityof this largeturtle, recoverywill be gradual,even

underoptimum conditions. The estimateddatefor reclassificationis the year2000, and the

projecteddatefor delistingis theyear2015.
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RECOVERY TASKS

An outline of the following recoverytasks,which directly addresstherecovery

objectivesstatedabove,is presentedin Table4.

1.Inventory

1.1 Monitor the statusand populationtrendsof knownpopulations. Statusand

populationtrendshavebeenmonitoredat two occupiedpondsalmostannually

since 1979. SinceFederalPondcontainsby far the largestpopulationand

CrookedPondoccurswithin the MassasoitNationalWildlife Refugeandis

the bestprotected,thesetwo siteswill continueto be the focusof monitoring

and researchefforts. Efforts to monitor populationsize and headstartsurvival

in Island,GunnersExchange,and HoytsPondsshould alsocontinue. Other

pondswill be monitoredwith lesserintensity.

1.2 Periodicallymonitor pondsthat are knownto haveformerlybeeninhabited

.

A rangewidesurveywill be conductedeverythreeyearsto assessoverall

changesthat might not otherwisebe evident. Most of thesesiteswill be

visited incidentallyat morefrequentintervals.

1.3 Searchfor additionalpopulations. Efforts to locatepreviouslyunknown

populationswill continue. A numberof newspecimenand locality records

havebeenreportedby the public in recentyearsasa resultof increasedmedia

attention. Thepopulationin FederalPond,which containsapproximatelyhalf

of the total knownindividuals,wasfirst discoveredin 1979 afterthe initial

recoveryplanwasdrafted. Organizedsearcheswill be conductedeveryfive

yearsat a minimum.

1.4 Continueto definethe historicalrangethroughexaminationof archaeological

evidence. Examinationof Indianmiddenscontinuesto providevaluable

insightsinto the historicaldistribution andpre-colonialerahumanuseof the
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Table4. Recoverytaskoutline

1.Inventory

1.1 Monitor thestatusandpopulationtrendsof known populations.
1.2 Periodicallymonitor pondsthat areknown to havebeenformerly inhabited.
1.3 Searchfor additional populations.
1.4 Continueto define thehistorical rangethroughexaminationof archaeological

evidence.

2. Research

2.1 Expandstudiesto determineandmitigatelimiting factors.
2.2 Continuenaturalhistory studies.
2.3 Examinepesticideandheavymetal levelsof salvagedspecimensandsurrogate

speciesfound in the sameponds.

3. HabitatProtectionandManagement

3.1 Protectoccupiedandpotential habitat.
3.2 Improve habitatat pondswith knownpopulationsby clearingor creatingnesting

beachesandproviding baskingsiteswherenecessary.

3.3 Annually locateandprotectnestsat pondswith major populations.
3.4 Enforce all laws protectingthePlymouthredbelly turtle and its habitat.
3.5 Work with the cranberryindustryandotheragriculturalenterprisesto avoid

potentiallyharmful activities andfurther promotethe conservationof the species.

4. PopulationManagement

4.1 Continueto conductandimprove the hatchlingheadstartprogram.

4.2 Evaluatethe statusof eachpond/riverpopulation,andsupplementturtle numbers
if andwherewarranted.
4.21 Continueefforts to establishpopulationsat protectedsites.
4.22 Considerestablishingadditionalpopulationsin suitablepond or river

habitat.

5. Education

5.1 Developslide-tapeprogramsandpresentationson the Plymouthredbellyturtle for
usein local schoolsandwith othergroups.

5.2 Continuepublic educationthrough the newsmedia andotherpublishedmaterials.

5.3 Presentthe resultsof conservationandresearchefforts at scientificsymposiaand
in bothpopulararticlesand scientificjournals.
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turtle. Informationobtainedincidentalto otherinvestigationswill be assessed

for its implicationsregardingthehistorical distributionof this redbellyturtle

population.

2. Research

2.1 Expandstudiesto determineandmitigate limiting factors. Thesestudies

shouldinclude determiningthepost-emergencesurvivalof hatchlings,

identifying the primary sourcesof mortality andpredatorsof hatchlingand

first yearturtles, developingan effectivepermanentmarkingschemefor

trackingnon-headstartedhatchlings,and evaluatingothernaturalor

anthropogenicfactorsaffectingredbellyturtle reproductionand survival.

EventhoughthePlymouthredbellyhasbeenstudiedsince 1905and

intensivelyby Grahamsince 1979, the limiting factorsfor this turtle arestill

largely unknown. Researchdesignedto identify thesefactorsshould remaina

high priority becauseof thefundamentalneedto understandtheselimitations

beforesoundrecoveryactionscanbe implemented.

Haskell(1993andpers.comm.)useda life stage-basedmodel to evaluatethe

long-termstatusof Plymouthredbelly turtles in FederalandIslandPonds.

Haskell’smodel indicatesthat the Massachusettsredbellypopulationis at risk

and maycurrentlybe declining at an annualrateof 2% or greater. Themodel

furthershowsthat thepopulationis stableor slowly increasesonly when

survivalratesof stageI (from egg laying to hatching)are > 0.30,whenstage2

turtles (juvenileswith carapacelength > 45 mm but < 90 mm) are> 0.51,

andwhen90% of femalesnestannually. Theseconditionsmayoccur only

infrequently. Themodelalso indicatesthat increasingsurvivorshipof subadult

(carapacelength90-280mm) andadultturtles (carapacelength > 280 mm)

would stabilizethe populationfasterthan would increasinghatchingsuccess

andjuvenile survival.
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Increasingthe numbersofyoung turtles throughnestprotectionand

headstartingwill accomplishlittle to benefitthe recoveryeffort unlessthese

turtlessurvive and arerecruitedinto thebreedingpopulation,and their

progenysurvive to repeatthis cycle. Determiningthe survivorshipof non-

headstartedhatchlings,aswell astrackingthe survivorshipof headstarted

turtles,will provideimportantinformationon the needto undertakefurther

stepsto protecttheseyoung turtles from predation,environmental

contamination,or othermortality factors.

Determiningthecausesof mortality, the sourcesof environmental

contamination,or predatorson youngturtleswill bevital to accuratelydirect

furtherprotectionefforts,suchaspredatorcontrol. Developingapermanent

and safemarkingschemefor hatchling turtles(suchas implant tags) will

greatlyenhanceresearchefforts to monitorsurvival, movement,and

recruitmentinto the breedingpopulation.

Landusechangesassociatedwith agriculturalandresidentialdevelopment

result in greaterdemandsfor waterwithdrawals,fire suppression,and

transportationcorridors,andcannotbe overlookedaspotential contributing

factorsto this population’sdecline.

2.2 Continuenaturalhistory studies. Thesestudiesshouldinclude determination

of habitatrequirements,nestsite selectionpreferences,the proportionof adult

femaleturtles thatnestannuallyor twice annually(doubleclutching),and the

ageandsize of turtlesat reproductivematurity. Survival ratesof hatchlings

that overwinterin the nestchamber,alongwith environmentalconditionsthat

triggerthis behavior,shouldbe investigated.Theseand otherstudiesshould

continuein orderto providedataneededfor implementationof sound

management.The emphasisof thesestudiesshould evolveas the database

improvesand newresearchgoalsare developed.
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Review of themultivariateanalysisof habitatcharacteristicsconductedby T.E.

Graham(unpubl. data)may provideinsight into additional studiesneededto

identify uniquehabitatrequirements.

2.3 Examinepesticideand heavymetal levelsof salvagedspecimensand surrogate

speciesfoundin the sameponds. Thereis no dataregardingthepossible

effectsof pesticides,heavymetals,or otherenvironmentalcontaminantson

thePlymouthredbellyturtle. Sincemostpopulationsarefound in close

proximity to commercialagriculture,thepotentialimpact of insecticidesor

otherchemicalsusedin agricultureor mosquitoabatementshould be

investigated.Any analysisof redbellytissueswill by necessitybe restrictedto

opportunisticallysalvagedmaterial,but surrogatespeciessuchaspainted

turtles,commonsnappingturtles,and stinkpots(Stemotherusodoratus)that

occurin thesameponds(including eggsand hatchlings)could be

systematicallysampled.

3. HabitatProtectionand Management

Essentialhabitat,includingbut not limited to theareaof designatedcritical habitat,

will be delineatedandassessedwith respectto protectingrequiredhabitat

componentsand supportingaviable metapopulationof the Plymouthredbellyturtle.

3.1 Protectoccupiedandpotentialhabitat. Haskell(1993) examinedtheviability

of the Plymouthredbelly turtle using a stage-basedmodel, andsuggestedthat

the populationis at risk. Increasingsurvivorshipof subadultsandadults

stabilizedthe populationfasterthan increasinghatchingsuccessor juvenile

survivorship. Oneof thefew meansavailableto increasethe survivorshipof

subadultandadult turtles is to protectand enhancecritical andessential

habitat.

Habitat havingexistingor recentPlymouthredbelly turtle populations,aswell

asnearbypotentialhabitat,including corridorsfor interchangeamongpond

populations,will be delineated.Measuresto protecttheseareasmay range

from fee acquisition(from willing sellersonly) and easementsto zoning,
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registryagreements,or othermethodsdeterminedto be appropriateon a case-

by-casebasis.

3.2 Improvehabitatat pondswith known populationsby clearingnestingsites and

providingbaskingsiteswherenecessary.In July 1985,an areaapproximately

20 x 60 feet(6 x 24 m) alongthe shoreof a protectedpondwasclearedto

provide a suitablenestingbeach. This pondhadpreviouslybeencompletely

surroundedby a closedcanopyforest.

Otherpondsshouldbe examinedto assessthe availability of nestingbeaches

andbaskingsites. Efforts to manageor improvethe quality (andnumber)of

baskingsitesandnestingbeachesshouldbepursued.Openingnewbeachesin

closeproximity to pondswill provideadditional nestingopportunitiesand

createa morefavorablemicroclimatefor eggsandhatchlings. Treesremoved

to exposenestingbeachesto sunlightcouldbe limbed andanchoredin shallow

waterto provide additionalbaskingsites.

Suitablenestingareasat FederalPond,which supportsthe largestpopulation

of turtles,continueto be maintainedby grounddisturbanceassociatedwith

surroundingcranberrycultivation. However,careshouldbe takento avoid

crushingof nestexelosuresby trucksandfarm equipmentinvolved in these

operations.

3.3 Annually locateand protectnestsat pondswith maiorpopulations.During

the nestingseason,daily searchesfor turtle nestsareconductedby T.E.

Grahamandhis assistantsat FederalPond. Generally,neststhat arefound in

nearbydirt roadsaremovedto safersites,and all knownnestsare covered

with wire exelosuresto preventpredationandto later retain the hatchlingsso

that they canbemeasuredandindividually marked. To date,few nestshave

beenfoundat otherponds,but this numbermayincreaseas additionalnesting

beachesare maintained.
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3.4 Enforceall laws protectingthe Plymouthredbellv turtle and its habitat. This

turtle is protectedby theFederalEndangeredSpeciesAct (50 CFR23) andby

theMassachusettsEndangeredSpeciesAct (MGL, Chapter131A) and

associatedregulations(321 CMR 10.00). The turtle’s habitatis provideda

degreeof protectionthroughFederaldesignationofcritical habitatandby the

MassachusettsWetlandsProtectionAct (Chap.131, Sections40, 40A, Mass.

GeneralLaws). All of theselawsand regulationswill continueto be fully

enforced.

3.5 Work with thecranberryindustryand otheragriculturalenterprisesto avoid

potentiallyharmfulactivitiesand furtherpromotetheconservationof the

species.FederalPondis a reservoircreatedfor the purposeof providing

waterfor cranberrycultivation. Cranberryoperationsalongthe southshoreof

FederalPondhavepartially createdand sustainperhapsthe bestnesting

habitatavailablefor redbellyturtles in PlymouthCounty. Cranberrygrowers

in PlymouthCounty havecooperatedin theresearchand recoveryprogramfor

this endangeredturtle by grantingresearchersand agencybiologistsaccessto

privatepondshores,storingequipment,and alertingemployeesto watch for

nestingor dispersingturtles andto avoid crushingmarkedor cagedturtle

nestswith farmvehiclesand equipment.

While the activitiesof cranberrycultivation at and adjacentto FederalPond

areof significant benefitto redbellyturtles, someof the agriculturalpractices

associatedwith the industry in general,including waterwithdrawals,drift and

runoff from chemicalapplications,backpumpingofwater from treatedfields

into ponds,destructionor crushingof turtle nests/exelosuresby vehicles,and

theconversionof undevelopedwetlandsor uplandsinto cranberrybogsshould

be assessedfor possibleeffectson thePlymouthCountyturtle population,

with the aim of alleviatingsucheffects. This precautionshould alsobe taken

with any otherlanduse,suchas forestryandotheragriculturalusesas well as

mosquitoabatementprograms,that couldpotentiallyhavea deleteriouseffect

on the turtle population.
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4. Population management

.

4.1 Continueto conductandimprovethe hatchlingheadstartprogram. The

headstartprogramhasbecomewell establishedsince its initiation in 1980.

Annually, a portionof emergedhatchlingsfrom FederalPondnestsare

broughtinto captivity. A groupof 7-10volunteerorganizationsandprivate

cooperatorseachreceiveand raise,for 8-10months,about10 hatchlingsfor

theheadstartreleasein earlyJune. A goalof between100-150hatchlings,for

aminimum of 5-7 groupsof 20+ turtleseach,should beheadstartedand

releasedeachyear (seeFrench1990).

Annual monitoringwill be conductedto determineif releasedheadstart

hatchlingsaresurviving to be recruitedinto thebreedingpopulation. Since

dispersalratesof headstartedturtles andnon-headstartedjuvenilesfrom natal

pondsappearsto be very low, releaseof headstartedhatchlingswill continue

to beusedas a meansof bolsteringthe overall population. Headstarted

hatchlingsshouldbe carefullyexaminedfor thepresenceof infectiousdiseases

prior to release.

4.2 Evaluatethe statusof eachpond/riverpopulation.andsupplementturtle

numbersif andwherewarranted. In orderto ensurepopulationviability and

attain theconditionsrequiredfor reclassifyingand delistingthe species,

approximatelyfive newpopulationsmayneedto be established.Releases

shouldbemadeonly wherehabitatevaluationsuggeststhat targetpondsor

rivers arelikely to supportself-sustainingredbelly turtle populations. If shown

to be warranted,releasesto newpondsand riversshouldbe conductedfor at

leastthreeconsecutiveyearsand shouldtakeinto considerationthe estimated

carryingcapacityof thehabitat.

4.21 Continueefforts to establishpopulationsat protectedsites. Becauseof

therelativesecurityof Myles StandishStateForestpropertyfrom

further adversedevelopment,pondsin the Forestshould continueto

receiveheadstartedturtlesuntil it appearsthat apopulationhas
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becomeestablished.EastHeadPondreceived98 hatchlingsbetween

1987-1991. If additionalsuitablepondscanbe identifiedwithin Forest

boundaries,the establishmentof morepopulationsshould be

considered.Myles StandishStateForestcontainsapproximately17,000

acres(6,880hectares)of land thatlie roughlybetweentwo inhabited

ponds. Populationswithin theForestwould presumablybe easierto

protectthan thoseon privatelands.

4.22 Considerestablishingadditionalpopulationsin suitablepondor river

habitat. Continuedaugmentationof existingpondpopulationsand

introductionof the turtle into availablesuitablepondhabitatmaybe

key to the turtle’s recovery.However,pondsin southeastern

Massachusettsthatprovidesuitablehabitatfor this specieshavebeen

foundto be limited in bothnumberand size.

Headstartedturtleswerereleasedinto theWeweanticRiver in 1993,

and,while it maybecomenecessaryto establishpopulationsin other

nearbyrivers (suchas the Agawam,Taunton,andWankinco Rivers),

additional river introductionswill be delayeduntil the resultsof the

Weweanticintroductionare evaluatedandthe feasibility of otherrivers

to supportredbellyturtles is determined.While turtles in ariverain

populationwould havethe advantageof easymovementand could

potentiallyresultin greaterdispersaland colonizationof newhabitats,

monitoringthe fateof releasedturtles in river systemswill be difficult.

5. Education

5.1 Developslide-tapeprogramsandpresentationson the Plymouthredbelly

turtle for usein local schoolsand with othergroups. A slide-tapeprogram

shouldbe developedby the NongameandEndangeredSpeciesProgramof the

MassachusettsDivision of FisheriesandWildlife. Copiescould thenbe made

availablefor ongoinguseby the local schoolsystemsandfor short-termloans

to othergroupsin the region.
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Numerousslide presentationshavebeengiven to local schoolgroups,and the

Plymouthredbelly turtle is includedin all of the NongameandEndangered

SpeciesProgram’spresentationsstatewide. Theability to reachabroad

spectrumof the public with thesepresentationshas,however,beenlimited by

the time constraintsof researchersandDivision staff. Making thesematerials

availableto teacherswould greatly increasethedisseminationof this

information.

5.2 Continuepublic educationthrough the newsmediaandotherpublished

materials. Frequentmediacoveragehasmadethe Plymouthredbelly turtle

relatively well known to the local public. Thishigh profile hascontributedto

a heightenedenvironmentalawarenessby agrowingsegmentof the

communityandhasresultedin anumberof newspecimenand locality records

that would haveotherwisegoneunreported.This level of coverageand

attentionshouldcontinue. In addition, ownersof pond shoresshould be

contactedandprovidedwith information on what to do if nestingfemale

turtlesareencountered.

5.3 Presentthe resultsof conservationandresearcheffortsat scientificsymposia

and in populararticlesand scientific journals. New scientific informationhas

beenpublishedby Grahamand Iversonfrom recentresearch,but muchof the

informationresultingfrom contractswith the U.S. Fish andWildlife Service

and the Stateof Massachusettshasnot yetbeenreported. Theseand other

data(e.g., Haskell 1993) shouldbe presentedat scientificmeetingsand

publishedin bothpopularand scientific literature.
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PART III: IMPLEMENTATION

The following ImplementationScheduleoutlinesactionsandestimatedcostsfor the

recoveryprogram. It is aguide for meetingthe objectivesdiscussedin Part II of this plan.

This scheduleindicatestask priorities, tasknumbers,taskdescriptionsandduration,

responsibleagencies,andestimatedcosts. It shouldbe notedthat the Implementation

Schedulereflects the total financialcommitment,roughly estimated,for the recoveryof the

Plymouthredbelly turtle.

Key to column 1, TaskPriority:

Priority 1 - An actionthat mustbe takento preventextinction or to preventthespecies
from declining irreversiblyin the foreseeablefuture.

Priority 2 - An action that mustbe takento preventa significantdeclinein species
population/habitatquality, or someother significant negativeimpact shortof
extinction.

Priority 3 - All other actionsnecessaryto meet the recoveryobjectives.

Key to column 5, AgencyRoles:

EPA - Office of PesticideManagementwithin the EnvironmentalProtectionAgency
HSC - Headstartcooperatorssuchas the New EnglandAquarium, Springfield

Museum,Museumof Science,andseveraladditional agenciesandprivate
individuals

MAS - MassachusettsArchaeologicalSociety
MDFW - MassachusettsDivision of FisheriesandWildlife.
MCGA - MassachusettsCranberryGrowersAssociation
ES - EcologicalServicesDivision of the U.S. FishandWildlife Service
LE - Division of Law Enforcementof the U.S. FishandWildlife Service
DRW - Division of RefugesandWildlife of the U.S. Fish andWildlife Service
FWCU - FishandWildlife CooperativeUnit, University of MassachusettsAmherst
TNC - The NatureConservancy
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IMPLEMENTATION SCHEDULE
Plymouth RedbellyTurtle RecoveryPlan, SecondRevision

April 1994

Priority TaskDescription

Task

Number

Duration

(Years)

ResponsibleAgency

USEWS Other

Cost Estimates($000)

FYi FY2 FY3 FY4 Comments

1 Expand studies to determine and

mitigate limiting factors.

2.1 5+ ES MDFW

MCGA

10.0 10.0 10.0 5.0 + 60K total from FY5 on

1 Protectoccupiedandpotential
habitat.

3.1 Ongoing ES
DRW

MDFW
TNC

5.0 3.5 2.5 1.5 +19.5K total for FY5-17.
Land acquisitioncostsnot
included

2 Monitor the statusandpopulation
trendsof knownpopulations.

1.1 Ongoing ES MDFW 2.0 2.0 2.0 2.0 + 63K total in FY5-17
for Tasks1.1-1.3

2 Continuenaturalhistory studies. 2.2 5 ES MDFW 3.0 3.0 3.0 3.0 + 3K in FY5

2 Examinecontaminantlevels of
salvagedspecimensandsurrogate
speciesfound in sameponds.

2.3 3 ES EPA
MDFW
MCGA

3.5 3.5 3.5

2 Improvehabitatat pondswith
knownpopulations.

3.2 3 ES
DRW

MDFW 2.5 2.5 2.5

2 Annually locate and protect nests at
ponds with major populations.

3.3 Ongoing ES MDFW 5.0 5.0 5.0 5.0 + 60k total for FY 5-17

2 Continueto conductandimprove
the hatchlingheadstartprogram.

4.1 7 ES MDFW
HSC

1.0 1.0 1.0 1.0 + 13K for FY5-17
Indicatedcostsare
administrative;largely a
volunteereffort

2 Considerestablishingadditional
populationsin suitablepond and
river habitat.

4.22 Ongoing ES MDFW 2.0 2.0 2.0 2.0 + 26K total for FY5-17

3 Monitor pondsthat areknown to
havebeenformerly inhabited.

1.2 Every 2-3
years

ES MDFW 1.0 1.0 Seecommentfor Task
1.1



Plymouth Redbelly Turtle Recovery Plan, Second Revision, April 1994

Priority

3

Task Description

Search for additional populations.

Continue to define historical range.

Task

Number

Duration

(Years)

ResponsibleAgency

USFWS Other

CostEstimates($000)

FYi FY2 FY3 FY4 Comments

1.3 Ongoing ES MDFW 1.0 1.0 1.0 1.0 See comment for Task 1.1

3 1.4 Indefinite MAS

3 Enforceall laws protectingthe
Plymouthredbellyturtle andits
habitat.

3.4 Ongoing LE MDFW 1.0 1.0 1.0 1.0 + 13K total for FY5-17

3 Work with the cranberryindustryto
mitigate potentially harmfulactivities
andfurtherpromoteconservationof
the turtle.

3.5 Ongoing ES
LE

MDFW
EPA

1.5 0.5 0.5 0.5 + 6.5K total for FYS-17

3 Continueefforts to establish
populationsat protectedsites.

Developslide-tapeprogramsfor use
in local schoolsandwith other
groups.

Continuepublic educationthrough
the newsmediaandotherpublished
materials.

4.21 Ongoing ES MDFW 0.5 0.5 0.5 0.5 + 6.5K total for FYS-17

3 5.1 3 ES MDFW 1.5 1.5 1.5

3 5.2 Ongoing ES MDFW
FWCU

1.0 1.0 1.0 1.0 + 13K total for FY5-
FY17

3 Presentresultsof recoveryefforts at
scientific symposiaandin both
popularandscientific media.

5.3 Ongoing ES MDFW
FWCU

1.0 1.0 1.0 1.0 + 13K total for FY5-17



APPENDIX 1. Recentparticipantsin the headstartingprogramfor

the Plymouth redbelly turtle. ~

LOCATIONNAME

WorcesterStateCollege(DNES)
Tufts University -

Schoolof VeterinaryMedicine
NewEnglandAquarium
Springfield ScienceMuseum
New EnglandScienceCenter
Boston Museumof Science
RogerWilliams Zoo
Franklin ParkZoo
Triton RegionalHigh School
BerkshireMuseum
Alison Haskell

Worcester,Massachusetts

Grafton,Massachusetts
Boston,Massachusetts
Springfield,Massachusetts

Worcester,Massachusetts
Boston,Massachusetts
Providence,RhodeIsland
Boston,Massachusetts
Byfield, Massachusetts
Pittsfield,Massachusetts
Amherst,Massachusetts

Many other individuals too numerousto list have also participatedin the program or
otherwisegenerouslydonatedtime, spaceandotherresourcesto theheadstartingeffort.



APPENDIX 2. List of reviewers.

Thecommentsandsuggestionsreceivedduring the recoveryplanningprocesswere reviewed
and incorporated,to the extentappropriate,into this final plan. Copiesof thesecomments
areon file in the New EnglandField Office of the U.S. Fish andWildlife Service. The
Servicegreatlyappreciatesthe factualcorrectionsandconstructivecommentsreceivedfrom
thefollowing agencies,organizations,and individuals:

Brad Blodgett, StateOrnithologist
Division of FisheriesandWildlife
Field Headquarters
Westboro,Massachusetts01581

JeffreyL. Carlson,ExecutiveDirector
CapeCod CranberryGrowersAssociation
P.O.Box 730
EastWareham,Massachusetts02538

C. Kenneth Dodd, Jr. Ph.D.
HerpetologyProject,NationalBiological Survey
412 N.E. 16th Ave., Rm 250
Gainesville,Florida 32601

ThomasW. French,Ph.D.
AssistantDirector,NaturalHeritageand EndangeredSpecies
Dept. of Fisheries,Wildlife and EnvironmentalLaw Enforcement
100 CambridgeStreet
Boston,Massachusetts02202

Terry E. Graham,Ph.D.
WetlandsandWildlife Associates
209 PommagussettRoad
Rutland,Massachusetts01543

N. Alison Haskell
Dept.of ForestryandWildlife Management
University of Massachusetts
Amherst,Massachusetts01003



JosephC. Mitchell, Ph.D.
Departmentof Biology
Universityof Richmond
Richmond,Virginia 23173

ThomasD. Parks,Trustee
FederalFurnaceCranberryCompany
TremontStreet,RFD 1
Carver,Massachusetts02330


