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SummARY . — The snapping turtle,Chelydra serpentinais a large and familiar freshwater species that

is easily recognized by its large head, long tail, large claws, serrated rear carapace, and reduced
plastron. Itis a widely distributed species that represents an ancient lineage of turtles. We follow the
current taxonomy in recognizing two subspecies in FloridaC. s. serpentinand C. s. osceolaWe
found intergrades of C. s. serpentinaand C. s. osceolan northwestern Florida that showed
considerable overlap in shape of neck tubercles and ratio of the width of the third vertebral scute to
the height of the second pleural scute. We did not find evidence of intergradation in northeastern
Florida, thus the intergrade zone betweelC. s. osceoland C. s. serpentinappears to extend from
coastal southeast Georgia and the Okeefenokee Swamp to the Apalachicola River and northward into
southwest Georgia. Although not abundant in FloridaC. serpentinas found throughout the state
with the exception of the Florida Keys. In Florida,C. serpentinas most abundant in small creeks,
spring fed streams, small ponds (< 5 ha), floodplain swamps, borrow pits, drainage ditches, and other
small fresh waters with soft bottoms and aquatic vegetation. They are also regularly found in cypress
dome ponds and strand swamps in wet pine flatwoods of the Florida panhandle. Overland move-
ments of C. serpentinaare common in Florida and are associated with dispersal, nesting, and
migrations from wetlands during drying or refilling. There are few data on growth ofC. serpentina

in Florida, but growth rates may be higher than in northern populations because of a longer growing
season. In a population from Leon County in northwestern Florida, early growth (1-6 yrs) was
variable among individuals and ranged from 10-30 mm/year; females matured at about 22 cm CL
(6—8 yrs) and males at 18—-19 cm CL (4—6 yrs). In central and south Florida, the nesting season begins
as early as February—March and continues until late June, whereas nesting occurs from mid-April
through June in northern Florida. Aquatic plants and macroinvertebrates are major components of
the diet of C. serpentinain Florida. This species is not currently considered rare or endangered in
Florida, however, it suffers from several threats and populations should be monitored. Habitat loss
and fragmentation are significant threats as Federal and State regulations are insufficient to protect
many of the wetland habitats (e.g., small, isolated, and seasonal wetlands) that supf@rserpentina
populations in Florida. Mechanical removal of organic sediment (“muck”) from lakes and ponds is
an established wetland management technique in Florida and is a type of habitat alteration that is
a serious threat toC. serpentinapopulations. There are currently no regulations in Florida that
protect C. serpentindrom excessive harvestand we lack adequate baseline data on the level of harvest
of this species to properly assess population viability and set sustainable limits on use.

ConservAaTIoN StaTus. —FNAI Global - G5 (Demonstrably Secure), State - S5 (Demonstrably Secure);
ESA Federal - Not Listed; State - Not Listed; CITES - Not Listed; IUCN Red List - Not Listed (LC-
Least Concern).

Species Recognitios- This large species (maximum has large claws, a small plastron, and large head. The neck
size in Florida42.4 cm carapace length (CL); FLMNH s long and can be extended rapidly. The carapace is brown
66157) is recognized by a long tail with a dorsal ridge oto black, relatively flattened and serrated in the rear, with three
large tuberculate scales (Figs. 1-1, 1-2). Average mass phrallel rows of low ridges that become less pronounced with
adultsin anorthern Florida (Leon Co.) population was 5.5 kgge. The carapace of large and presumably old adults is nearly
(n = 43) with the largest individuals weighing 8-11 kg smooth. The carapace of hatchlings and juveniles is darker and
(Aresco and Gunzburger, unpubl. da@elydraserpentina  more rugose than those of adults (Fig).
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Figure 1-1. Adult male snapping turtl&helydra serpentindrom Leon Co., Florida. Photo by Matt Aresco.

The small, hingeless plastron is loosely attached bffommon Snapping Turtle. Crother et al. (2000) recom-
ligaments to the carapace at a narrow bridge (Fig. 1-3). It imended a change in the name to the Eastern Snapping Turtle
cruciform-shaped, resulting in extensive areas of exposduecause the term “common” might be misinterpreted to
skin with all four muscular limbs clearly visible. Skin on the imply abundance.
undersides of the legs has many small tubercles. The plas- Stejneger (1918) described the Florida snapping turtle,
tron of hatchlings is black, often with light flecks (Fig. 1-4), Chelydra osceolaas a separate species from peninsular
but the black fades and the entire plastron becomes ligklorida. He differentiated this species fr@n serpentina
brown, yellow-brown, or gray in adults (Fig. 1-3). based on much wider vertebral scutes (width of the third

Chelydra serpenting frequently mistaken for the alliga- vertebral equal to or greater than one third of the length of all
tor snapping turtléylacrochelys temminckiin contrastt&€C.  five vertebrals combined), knobs on dorsal keels of scutes
serpentinaM. temminckiigrows to a much larger size, has alocated closer to the centers (rather than rear of scutes in
larger head and more pointed snout with eyes facing lateralerpenting, two pairs of small chin barbels (rather than only
rather than dorsolaterally, a strongly hooked beak, a carapacae pair inC. serpentin and pronounced lateral scales on
with three rows of very well-developed longitudinal keelsthe tail. Stejneger (1918) also reported that the more anterior
throughout life, and an extra row of scutes on the carapadecation of the dorsal keel knobs is most visible on the fifth

between the marginals and costals (Figs. 1-1, 1-2). vertebral and arises near the middle of that scut€.in
Taxonomic History— Chelydra serpentinavas first ~ osceolainstead of at the posterior edgednserpentina
described by Linnaeus (1758) asstudo serpentinand Subsequent to its descriptioBhelydra osceolavas

placed in the genuShelydraby Schweigger (1812). Until treated as a subspeci€s, serpentina osceoléBabcock,
recently the common name used for this turtle was th&932; Carr, 1952; Feuer, 1971; Gibbons et al., 1988; Ernst et

Figure 1-2.Hatchling snapping turtl&€helydra serpentindrom Figure 1-3. Adult female snapping turtl&€€helydra serpentina,
Pinellas Co., Florida. Photo by Dick Bartlett. from Leon Co., Florida. Photo by Matt Aresco.
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support any distinction betweé&h s. serpentinandC. s.
osceola They proposed th&. serpentindhad greater ter-
restrial dispersal capability across historical biogeographic
barriers that limit gene flow in other freshwater turtles. Thus,
moderate to high rates of gene flow among populatio@s of
serpentinaprobably reduced phylogeographic structure in
the southeastern USA. However, because several morpho-
logical characters clearly support the current subspecies
designations, we recommend that the current taxonomy
recognizingC. s. serpentinandC. s. osceolde retained
until additional portions of the genome are studied

DISTRIBUTION

Geographic Distribution—Chelydra serpentinaanges
Z v across southern Canada from Nova Scotia to Saskatchewan
Figure 1-4.Hatchling snapping turtl&€helydra serpentindrom and throughout the eaSter_n and central United States,
Pinellas Co., Florida in ventral view. Photo by Dick Bartlett. ~ south to the Gulf of Mexico and west to the Rocky

Mountains, including most of Texas. Populations of

al., 1994). However, Richmond (1958) considélhdlydra  Chelydrain Central America and northwestern South
osceolaa full species based on an analysis of 20 morphologiAmerica previously referred to the subspeciess.
cal and osteological characters from a sample of severabssignoniiandC. s acutirostrisare now considered to
dozen specimens from peninsular Florida that he compardze full species distinct fror€. serpentinaGibbons et
to a large sample from elsewhere in the USA. The primargl., 1988; Phillips et al., 1996).
characters that distinguished the two taxa were the shape of Chelydra serpentinas found throughout Florida
neck tubercles (pointed, papillate tuberclgs.insceoland  with the exception of the Florida Keys. Gaps in the
flattened, rounded tubercles @ serpentina (Fig. 1-5), distribution ofC. serpentindn Florida probably reflect
width of the third vertebral equal to or greater than 33% ofincomplete collecting rather than the absence of this
the total length of the five vertebralsinosceolaand length  species (Fig. 1-6). Richmond (1958) found no inter-
of plastral forelobe < 40% of carapace lengt@imsceola grades in the area between north-central Florida and
Generally, in young turtles, the carapac€o$. osceolés  southeastern South Carolina and recommendedtisat
more rugose than that 6f s. serpentina osceolabe recognized as a full species unless it could be

Walker et al. (1998) and Walker and Avise (1998)demonstrated that it interbreeds with s. serpentina
examined geographic variation in mitochondrial DNA (con-However, Feuer (1971) reported intergradatiorCos.
trol region) in 66 snapping turtles from across the southeasterpentinaand C. s. osceolain the vicinity of the
ern USA. This sample demonstrated virtually no variatiorOkeefenokee Swamp in southern Georgia and northeast-
within or among populations in the portion of the genomeern Florida and, thus, argued for subspecific status for
that they studied. Furthermore, they found no evidence tthe Florida snapping turtle. He also found that variation
in neck tubercles was the best means of distinguishing
the two subspecies and that the ratio of the width of the
third vertebral scute to the height of the second pleural
scute was significantly greater @ s. osceoldmean =
0.973,n=113) thanirC. s. serpentingmean = 0.83&
=1097). Four of seven specimens from the Okeefenokee
Swamp had neck tubercles that were intermediate be-
tween the long, pointed tubercledfs. osceolgand the
rounded, wart-like tubercles @f. s. serpentinaand the
average width of the third vertebral scute/height of the
second pleural scute was intermediate between that in
each subspecies (mean = 0.86855 7). Feuer (1971)
proposed that the morphological variation between the
subspecies likely occurred as a result of inundation of the
northern peninsula of Florida during a Pleistocene inter-

glacial period that isolated peninsular Florida and main-
Figure 1-5. Adult Florida snapping turtleChelydra serpentina |and populations.

osceola from Marion Co., Florida showing the distribution and s : : :
length of tubercles on the neck of this subspecies. Photo by Steve Our examlnatlgn of specimens in th? Florida Mu-
Johnson. seum of Natural History (FLMNH) collections € 70,
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Figure 1-6.Available locality records for the snapping tur@elydra serpentinan Florida. Inset: distribution records from entire range
of C. serpentindadapted from Iverson, 1992; distribution in inset map not current for Florida as presented here).

all >10 cm SCL) has uncovered possible intergradegpalachicola River and northward into southwest Geor-
from Leon Co. (FLMNH 67790), Gadsden Co. (FLMNH gia. An examination of variation in plastral forelobe
66141), Jefferson Co. (FLMNH 65107), and Bibb Co.,length/carapace length to third vertebral width/second
GA (FLMNH 4167). A specimen from Grady Co., GA, pleural height showed considerable overlap in these
also appeared to be an intergrade (Aresco, unpubl. dataharacters betwedd. s. serpentinand intergrades from
Specimens from west of the Apalachicola River in theLeon Co., Florida, but little overlap wit@. s. osceola
Florida Panhandle (Jackson Co., FLMNH 6523; Okaloos#Fig. 1-7).

Co., FLMNH 64730; and Santa Rosa Co., FLMNH 65106)  Ecological Distribution. —n Florida,C. serpentina

all have short, rounded tubercles and appear ©6.l&# is most abundant in small creeks, spring fed streams,
serpentinaAt a pond in Tallahassee, Leon Co., a samplesmall ponds (< 5 ha), floodplain swamp®rrow pits,

of 35C. serpentinahared characteristics of both subspe-drainage ditchesand other small fresh waters with soft
cies suggesting that the population consisted of intebottoms. They are also regularly found in cypress dome
grades ofC. s. serpentinandC. s. osceoldTable 1-1, ponds and strand swamps in wet pine flatwoods of the
Aresco and Gunzburger, unpubl. data). For example, thElorida Panhandle (authors, unpubl.). Given that females
average ratio of the width of the third vertebral scute tdhave frequently nested on Forbes Island and elsewhere
the height of the second pleural scute was intermediat@ong the west bank of the lower Apalachicola River, the
between that reported fd€. s. serpentinaeand C. s.  species appears to be widespread in waters of the large,
osceola(mean = 0.876, SD = 0.057, range 0.78-1r07, wooded floodplain (Ewert and Jackson, 1994 and
= 35). In the lower Apalachicola River (Liberty and unpubl.).In eastern Sarasota Co., Punzo (1975) faind
Franklin Co.),C. serpentinalso shows the influence of s. osceolan swamps, woodland ponds, and streams. In
C. s. osceolavith pointed neck tubercles (although lessthe eastern Everglades (Dade C@.)s. osceolaccurs
pronounced than those in southern Florida) and modemrt least locally in small ditches with clear water and
ately prominent lateral scale ridges on the tail (Ewertabundant vegetation (Ewert, unpublljy. a survey of
unpubl. data); except for one individual from Liberty turtle populations in Leon CoG. serpentinavas most
Co., FLMNH 10189, that exhibited features @f s. abundant in small, eutrophic ponds (0.5-1.5 ha) with
serpentinaWe did not find evidence of intergradation in relatively shallow water, thick muck bottoms (muck
northeast Florida, thus the intergrade zone betWieen depth of 0.5-1.5 m), and an abundance of duckweed
osceolaand C. s. serpentinappears to extend from (Spirodelasp.) and emergent macrophytes (Aresco and
coastal SE Georgia and the Okeefenokee Swamp to tllames, 2005).
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Figure 1-7.Variation in plastral forelobe length/carapace length versus third vertebral width/second pleural heigBt ansengentinéincluding
individuals from northwestern Florida, Georgia, Tennessee, Arkansas, and the CanctirZ®) €. s. osceolgpeninsular Florida)n(= 39), and
intergrades from Leon County, Floriade=( 35). Subspecies and intergrades are assigned based on length and shape of neck tubercles.

In Florida, C. serpentinaappears to occur at lower
densities in large lakes than in small ponds and creeks. For
example, only 9C. serpentinawere found among 4896 Activity. —This species is a “bottom-walker” and prefers
turtles at Lake Jackson, a 1620 ha sinkhole lake in Leon Cashallow water where it can breathe by extending its long neck
during a natural dry-down event (Aresco, 2005). Similarly to the surface. When active, individuals typically move slowly
at Lake Conway in central Florida, only 21 snapping turtlesilong the bottom or remain hidden in dense aquatic vegetation.
were among 4817 turtles captured during a three-year studly Florida, wherC. serpentinas inactive during hot summer
(Bancroft et al., 1983). Recapture of six of these snappingays or winter months, it may hide under submerged logs or
turtles suggested that the population was small. Within Lakbury into deep mud, muck, or leaf litter (Arespers. ob3.
Conway,C. serpentinavas associated with shallow water Chelydra serpentinanay be active during day or
with an abundance of aquatic vegetation and a mud subight (Aresco, unpubl. data). In Tallahassee, Leon Co., a
strate. The physiology d. serpentinancludes apparent 34.7 cm CL male was observed foraging at the edge of a

HABITAT RELATIONS

adaptations for burying in mud and muck and survivingpond in 20 cm of water in mid-morning, an 8.3 cm CL
under low oxygen conditions (Jackson et al., 198d¢lydra

serpentinais also tolerant of brackish water and inhabitsa large adult in shallow water with neck fully extended at

coastal estuaries (Dunson, 1986).
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Figure 1-8.Relationship of size and ageGifelydra serpentingn

=22) in Leon County, Florida. Age was estimated using counts
growth annuli on the 2nd pleural scute and included only thos

turtles with complete sets of clearly visible annuli.

of

juvenile active in shallow water at night (2345 hrs), and

night (2230 hrs), possibly foraging on crayfish
(Gunzburger and Aresco, unpubl. data). Individuals were
observed both basking and crawling slowly through
submergent aquatic vegetation during mid-day on the
Wacissa River, Jefferson Co. (Aresco and Gunzburger,
unpubl. data). At Rainbow Run, Marion Co., this species
is infrequently encountered during daytime surveys (1 of
2500 turtle captures) but is more abundant according to
data from overnight trapping (Meylan, unpubl. data).
Adults have been encountered moving during the morn-
ing and after sundown in ditches in Dade Co. in March
(Ewert, unpubl. data)Chelydra serpentinghas often
been seen moving on land during the day (Aresco, unpubl.
data). At an ephemeral cypress dome pond in Liberty
Co., both juveniles and adults were typically captured at
drift fences in the morning following moderate to heavy
rain during the night (Palis, Aresco, and Kilpatrick,
ynpubl. data). Individuals were observed moving over-
land into a cypress dome pond when it refilled, remaining
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Table 1-1. Variation in morphological features @helydra  migrated from a drying pool at Lake Jackson on 20 April
serpentina serpentineChelydra serpentina oscedia= 35) from ~ 5000 to Little Lake Jackson on the opposite side of U.S.
a population at McCord Pond, Tallahassee, Leon County, Florida., . . .

ighway 27 and was captured migrating back to Lake

Mean % with Jackson on 15 March 2001 as the lake refilled. These
Character (SD, Range) osceolatrait observations suggest that serpentinaas the ability to
vertebral 3 width/ 0.32 (0.02, 0.30-0.37) 12% detect water from relatively long distances and may
total length of vertebrals prefer moving to new water rather than attempting to
plastral forelobe length/  0.40 (0.02, 0.36-0.47) 66% burrow and aestivate in a dry lake bottom. Several juve-
carapace length niles apparently moved overland and quickly re-colo-
vertebral 3 width/ 0.88 (0.06, 0.78-1.07) 31% nized a portion of Lake Jackson, which had recently
pleural 2 height refilled with shallow water after being completely dry
no. pairs chin barbels 9% two paios¢eola for 5-6 months.

Home Range. Home range size has not been deter-

lateral tail scales 11% moderately prominent rid ol . . . .

Z yP _ gssolx mined in Florida. In more northern populations, home range
dorsal keel knobs 100% at rear of sceepienting size may be highly variable among individuals of the same
neck tubercles 100% moderately pointed (intermediate)  S€X in adjacent lakes, even when those lakes have similar

densities and biomass of snapping turtles (Obbard and
Brooks, 1981; Galbraith et al., 1987).
in the pond for relatively short time periods, and leaving  Temperature Relationships.Aerial basking by adutt.
when the pond dried (3—4 wks). serpentinawas observed in April on the Wacissa River in
Seasonality. —From November to early March, Jefferson Co.andin September onthe Sante Fe Riverin Columbia
individuals in a Leon Co. pond were inactive and buriedCo. (Ewert, 1976; Gunzburger and Aresco, unpubl. data).
in a deep muck bottom under shallow water (< 0.5 m)
(Aresco and Gunzburger, 20043helydra serpentina GROWTH AND REPRODUCTION
was captured in baited hoop traps as late as October in
Leon Co. (Aresco, unpubl. data). At Lake Jackson in  Growth.—There are few data on growth@fserpentina
Leon Co., individuals were found moving overland asin Florida, but growth rates may be greater than in northern
early as 15 March and as late as 15 September (Aresqmgpulations because of a longer growing season, depending
unpubl. data). Individuals were found migrating into oron habitat productivity. In a population from Leon County in
out of an ephemeral cypress dome pond located in pim@orthwestern Florida, early growth (1-6 yrs) was variable
flatwoods of the Apalachicola National Forest in Liberty among individuals and ranged from 10-30 mm/year (Fig. 1-
Co. on 2 November (male), 3 March (male), 20 March8) (Aresco, unpubl. data). In contrast, a juvenile from Lake
(adultfemale), 4 April (subadultfemale), 10 April (male), Conway in central Florida grew only 4.3 mm/year (Bancroft et
15 April (2 juveniles), and 25 April (juvenile) (Palis, al., 1983). Jackson and Ewert (1997) suggested that f€male
Aresco, and Kilpatrick, unpubl. data). Seasonal variatiors. osceoldave the potential to grow to large sizes based on a
in activity of C. s. osceolavas not apparent at Lake series of large specimens (e.g., 36.8, 35.2, 34.8 cm CL)
Conway in central Florida (Bancroft et al., 1983). collected from Lake Apopka, Orange County, in 1928-29.
Movements and Terrestrial Activity. -©verland Christiansen and Burken (1979) used growth rings to
movements o€. serpentinare common in Florida and calculate annual growth increments and found tbat
are associated with dispersal, nesting, and migrationserpentinain lowa grew 25-35 mm/yr for the first 3 or 4
from wetlands during drying or refilling. Carr (1952) years. Femal€. serpentinan Ontario grew 15-20 mm/yr
reported that both sexes may move overland betweefor the first 11 years of life (Galbraith et al., 1989). In all
water bodies after emerging from hibernation and covepopulations studied, growth Gf. serpentindegan to slow
distances of > 0.5 km. In northwestern Florida, subadulivhen individuals approached size at sexual maturity and
and adult males and females (independent of nestingost individuals stopped growing once they had attained
movements) are frequently observed moving overland imaturity. For example, a radio-tracked adult male (32.7 cm
pine flatwoods between permanent water in swamps an@L) from Lake Conway in central Florida grew only 1 mm
ephemeral cypress dome ponds (with and without wateiih 15 months and most large adults (> 30 cm CL) from Leon
(Palis, Aresco, and Kilpatrick, unpubl. data). Males,County in northwestern Florida showed no evidence of
females, and immatures are often found attempting teecent growth (Aresco, unpubl. data).
cross roads 0.5 km or more from the nearest wetland. Sexual Dimorphism. 4a a population o€. serpentina
During the dry-down of Lake Jackson, Leon Co., twoin Leon Co., carapace length of males (mean = 29.6 cm,
juveniles (4.0 cm CL) were found at a drift fence movingrange = 18.4-37.0,= 28) was significantly larger than that
directly towards nearby permanent water after apparef females (mean = 26.8 cm, range = 22.0-33.8,25)
ently migrating at least 0.5 km from the nearest remainfAresco and Gunzburger, unpubl. data). The sexual dimor-
ing pool on the lake bottom during the final days ofphism index (SDI) in this population is 1.11. A similar
drying (Aresco, unpubl. data). A large male (34.6 cm CL)pattern of sexual size dimorphism was reported in popula-
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tions outside of Florida, where males typically also growto  Nesting Season. -Nesting begins earlier in Florida
larger sizes than females (reviewed in Gibbons and Lovictthan in states further north, resulting in a longer nesting
1990). In individuals > 20 cm CL, the distance from theseason (reviewed in Iverson etal., 1997). In central and south
plastron to the cloaca is relatively longer in males than ifrlorida, the nesting season may begin as early as February—
females. March and continues until late June. For examfle,

Size and Age at Sexual Maturity.Size and age at serpentinawas observed nesting on 7 February at Lake
sexual maturity o€C. serpentindhas not been well stud- Maggiore in Pinellas Co. (Heinrich, unpubl. data). Nesting
ied in Florida. In a sample &@. serpentindrom Leon probablycommences in February in Dade Co., based on
County, females matured at about 22 cm CL (6-8 yrs)he presence of fresh corpora lutea, shelled oviductal
and males at 18-19 cm CL (4-6 yrs) (Aresco andggs, or both (Ewert, 1976, 2000). Near Gainesville in
Gunzburger, unpubl. data). For example, a road-killedhorth-central Florida, nests were observed on 18 May, 3
gravid femaleC. serpentinafrom Leon Co. measured June, and 9 June (lverson, 1977). At Lake Jackson in
22.5cm CL and 16.2 cm PL with 6 growth rings (Aresco,Leon County, nesting occurs from April-June and nest-
unpubl. data). In a sample from Dade Co., the smalleshg females were observed on 4 April, 28 April, and 14
gravid female was 18.5 cm CL, 13.8 cm PL, 1.4 kg, andune (Aresco, unpubl. data). Also, nesting along the
had 4 large growth rings. Other gravid females in thdower Apalachicola River has occurred mainly from
population had 4 large rings plus a few much smallemid-April to May but extending to mid-May during
ones. This suggests achievement of sexual maturity iseveral years (Ewert, unpubl. data).
less than 6 yrs (Ewert, unpubl. data). In contrast, a Nest Sites and Nesting Behavier Range-wide,
dissected female from the Wacissa River in Jefferson Caest sites foC. serpentinavary from open, sunny sites
was 24.6 cm CL, 17.3 cm PL, and 3.3 kg but had tinyto shaded sites (Ewert, 1976; Ewert et al., 1994; Ernst et
immature gonads and 10 growth rings (Ewert, unpublal., 1994). Along the lower Apalachicola River, only
data). three of 91 nests were fully open to sunlight and 75 nests

Longevity. —n the north, at leasg. serpentindias the  were mostly shaded (Ewert, unpubl. dat@helydra
potential for long life, as some individuals probably exceed 58erpentinamay prefer more shaded nest sites with a
yrsinage (Congdon etal., 1987; Congdon and Gibbons, 198%)ecrease in latitude. Selected sites are often in broad-

Male Reproductive Cycle. e male reproductive cycle leaved forest or under bushes (Ewert, 1976; Ewert et al.,
has not been studied in Florida. In Tennessee and Wisconsit94; unpubl. data). In Sarasota Co., howe¥&rs.

C. serpentindas a post-mating or dissociated spermatic cyclesceolanests were somewhat less shaded (Punzo, 1975).
in which sperm are produced primarily during summer and In Florida, nests are constructed moderately close to
stored until mating in the following spring (White and Murphy, water in some habitats (e.g., lakes, rivers). Along the
1973; Mahmoud and Cyrus, 1992). In Tennessee, spermlswer Apalachicola River, most females nested < 10 m
produced from late June to November with a peak in midfrom water in a high water year (Ewert, 1976) but aver-
September, whereas epididymides are largest from Novembaged about 19 m (range 1.5-50 ms 12 nests) from

to May (White and Murphy, 1973). water in more normal years (Ewert, unpubl. data). In

Female Reproductive Cycle. Fre reproductive cycle Sarasota Co. seven nests ranged from 38-141 m from
of femaleC. serpentinahas not been studied in Florida. In water with an average of 94 m (Punzo, 1975). These
Tennessee, this species has a pronounced ovarian cycle wi¢imales nested between 0600 and 0800 hrs. Further
follicles growing in summer and fall and reaching maximumnorth, in Leon and Franklin Co., females were found
size in May and June of the following year just beforenestinginthe mid-morning (1000—1200 hrs) (Aresco and
ovulation (White and Murphy, 1973). In lowa, ChristiansenEwert, unpubl. data).
and Burken (1979) found that subadult females had enlarged Nest depth to top and bottom eggs in 17 nests along the
follicles which they did not ovulate during the two yearslower Apalachicola River averaged 9.5 and 20.3 cm, respec-
prior to reaching maturity, thus suggesting that the criteriotively, with an overall range of 5-25 cm. In horizontal
for maturity inC. serpentinaghould be either the presence of aspect, seven egg cavities were approximately round and
eggs in the oviducts or corpora lutea in the ovaries. 11.5-16 cm across (Ewert, unpubl. data).

Courtship and Mating. -Mating and copulation may Clutch Size. —€lutch sizes in peninsular Florida are
occur throughout the year in southern Florida. In northermather small for the species (2-28 eggs, Dade Co., Ewert,
Florida, mating has a late fall to early spring hiatus (Ernst €2000; 6—21 eggs, Sarasota Co., Punzo, 1975; 14-20 eggs,
al., 1994). In indoor captivity, one mafe. s. osceola Alachua Co., Iverson, 1977Jackson and Ewert (1997)
(Highlands Co.) mounted introduced females during alfeported “large” clutches f&. s. osceolat 30 and 31 eggs
months. Females attempted to escape by snapping or “buit- Dixie County and 23 eggs in Seminole County. The
ing” with nearly closed mouths. The mounted male rubbed@urrent maximum clutch size in Florida is 54 eggs from a
female heads with its chin and a closed mouth (Ewerfemale found nesting near Goose Pond in Tallahassee, Leon
unpubl. data). Femal€. serpentinaare known to store County (Jackson and Ewert, 1997). A radiographed 36.7 cm
sperm in storage tubules in the posterior albumen region &L C. s. osceolx serpentinafrom the same locality con-
the oviduct (Gist and Jones, 1989). tained 49 eggs (Aresco, unpubl. data). In Leon Co., a
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radiographed 28.5 cm CL femdle s. osceola serpentina  cool temperatures produce mostly females, while those at
contained 34 shelled eggs and a fresh road-killed 22.5 cm Ghoderate temperatures produce mostly males (Yntema, 1976;
femaleC. s. serpentinat the outset of nesting season in earlyWilhoft et al., 1983). This also holds true for the subsp&Zies
April contained only 5 shelled eggs, suggesting that this was. osceolaEwert, unpubl. data). There is no evidence that
a full clutch for this small individual (Aresco, unpubl. data). hatchlingC. serpentinaverwinter on land in Florida.
Along the lower Apalachicola River in Franklin Co., the Hatchlings. —Hatchlings ofC. serpentinafrom the
average size of 46 clutches@fs serpentinaxosceolavas  Gainesville arearanged from 24—30 mm CL (lverson, 1977),
33.2 eggs (range 17-52; Ewert and Jackson, 1994). Cluttlut have frequently measured 35 mm CL from along the
sizes in northern Florida are similar in size to those northlower Apalachicola River and elsewhere in Florida (Ewert,
ward along the Atlantic Coastal Plain into Nova Scotia, butinpubl. data). The fresh mass of a hatchling developed in a
smaller than those in the upper Midwest and northern Plairdamp substrate averages near or slightly over 75 % of the
(reviewed in Iverson et al., 1997). mass of its original egg. There is no indication that hatchlings
Reproductive Potential. Fhis species produces only of C. s. serpentinandC. s. osceoldiffer from each other
one clutch per year in the northern portion of its range anth size. However, hatchlingsGf s. osceolfrom the eastern
females may not reproduce every year (Congdon et alEverglades differ by having neutral gray coloration domi-
1987). Iverson (1977) suggested tRatserpentinan the  nating the carapace, with a few mid-dorsal black marks. The
Gainesville area produced only a single clutch per year, angastron is black with white flecks. From Dixie Co. north-
certain individuals may follow this pattern. However, com-ward, hatchlings of bot@. s. serpentinandC. s. osceolare
bined counts of multiple sets of corpora lutea and enlargeghiformly black except for some white dots on the plastron
follicles indicate that females in Dade Co. can produce tw@Ewert, unpubl. data).
tothree, and possibly four clutches per season (Ewert, 2000).

The estimated annual output was 27.6 eggs (range 19-36) POPULATION BIOLOGY
per female Females in this population tended to be quite
small in size for adul€. serpentingdEwert, 2000, unpubl. Density and Biomass. Bata on population density and

data). Some of the south Florida females retained in a heatbatbmass of this species in Florida are only available from
laboratory produced clutches in the fall as well as two ofour populations in Leon County in the panhandle. They
more in the winter and spring. This observation begs thdemonstrate considerable variation in density among sites
guestion ofvhether the reproductive cycle@ s. osceolss  (Aresco, unpubl. data; Table 1-2). In northern populations,
entrained differently to the annual seasonal cycle than that tis species also shows significant variation in density (0—66
C. s. serpentinaThere are only indirect data to suggestadults/ha) and biomass (9—340kg/ha) (Froese and Burghardt,
multiple clutching in central and northern Florida. In thesel975; Major, 1975; Iverson, 1982; Iverson et al., 2000;
samples, a proportion of dissected gravid females had ma@albraith et al., 1988; Congdon and Gibbons, 1989).
enlarged, perhaps pre-ovulatory, ovarian follicles (Dixie and  From available accounts of commercial harve &l .of
Franklin Co.). Additionally, the broad range in dates of nestingerpentinain the Midwest, this species must have oc-
in northern Florida allows that an early nesting female mighturred at very high densities in Midwestern rivers in the
also produce a late season clutch (Ewert, 2000, unpubl. dataarly 1900s (Clark and Southall, 1920). For example, a
Eggs. —Eggs ofC. serpentinan Florida and elsewhere single fish company at La Crosse, Wisconsin, handled
are approximately spherical and have pliable to rigid eggalmost 30,000 snapping turtles between November 1917
shells that become turgid during early incubation (Ewertand May 1918.
1979, unpubl. data). A sample of 490 normal eggs from 34  Population Dynamics. —Survivorship schedules of
clutches from along the lower Apalachicola River averagea@dult snapping turtles in Florida are unknown.
14.1£ 2.6 g (range 10.1-17.5 g). Smaller normal eggs (to 7.2  Population and Community Structure. Sex ratio of
g) have come from Dade County. Linear measurements afdult males: adult females was not significantly different
eggs have ranged from 23.4 x 23.0 mm to 31.8 x 30.1 miinom 1:1 at McCord Pond, a natural suburban pond/marsh in
(Ewert, unpubl.). Egg masses from Sarasota Co. rangekhllahassee, Leon Co. (25 females, 30 males) (Aresco and
from 5-13 g (Punzo, 1975). Egg diameters from Alachu&unzburger, unpubl. data). Similarly, sex ratios were 1:1 in

Co. ranged from 24.9 to 30.8 mm (lverson, 1977). some northern populations (Lagler and Applegate, 1943;
Incubation and Hatching. ‘Inder identical laboratory Mosimann and Bider, 1960; Major, 1975).
conditions for incubation, the eggs ©f serpentinarom In a determination of absolute abundance at McCord

Florida (Dade, Dixie, Franklin and Seminole Cos.) takePond, turtles were initially trapped with aquatic hoop traps
longer to develop and hatch than similar sized eggs fromrior to a mechanical muck removal project. Then all re-
northern populations (Ewert, 1979, 1985, unpubl. data)maining turtles were hand-collected while heavy machinery
Mean incubation periods of Florida eggs range from 74—78/as removing muck (Aug 1999—-March 2000) (Aresco and
days at 36C to 145 days at 21°6. Probable incubation Gunzburger, 2004). The size distribution was dominated by
times in natural nests would be intermediate, ca. 80 to 10arge adults, but wittsufficient numbers of juveniles and

days.Chelydra serpentinaxhibits a pattern of environmental subadults to indicate low levels of recruitment (Fig. 1-9). In
sex determination where eggs incubated at very warm or vebyeon County,C. serpentinaepresented only 0.18% of the
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Co. contained plant material. A fecal sample of an adult male
= N (31 cm CL) captured in July contained 95% duckweed
L H Juvenile (Spirodela polyrhiza and 5% stems of American lotus
N Male _ (Nelumbo lutep the stomach of a 37 cm CL male found in
[ Female August contained 100% wild tar6¢locasia esculenjaan
I exotic emergent plant, and the stomach of a 28.2 cm CL
- female found in July contained 100% bladderwoltti¢u-
L laria sp.) (Aresco, unpubl. data). Other studies have reported
B herbivory by snapping turtles throughout their range. In
lllinois, Budhabhatti and Moll (1990) observed the same 33
_I | I ] cm adtt:lt grazinlg onlvtljuckwsjede(rlnnAa minoy on 10 occa-
sions between late May and early August.
P 1?@%(30\:;?; f:“ 2:° o \;ﬁ&ﬁ@:&ﬁ“ﬁ“ﬁ“P”::“"’«g Predation. —Depre)c/iation of nésts%)‘. serpentinzan
Size Class (mrm) be significant, especially by mammalian predators such as
) R, _ raccoons and foxes, but also by fish crows. Rates of nest
Figure 1-9. Size distribution ofChelydra serpentinat McCord depredati tobe >90% al thel Apalachicol
Pond, Tallahassee, Leon Co., Florida. predationappearto be oalong thelower Apalachicola
River. When nesting was simultaneous withcrochelys
turtle community at Lake Jackson, whereas it representeéémminckij nests ofC. serpentinahave been depredated
18% of the turtle community at the 1.5 ha muck-bottomedvithin a day, whereas nestsMf temminckihave lasted 1—
McCord Pond (Table 1-2) (Aresco and Gunzburger, 20042 days (Ewert and Jackson, 1994; Ewert, unpubl. data). In

Number of Individuals

= N W b OO O N
I

Aresco, unpubl. data). the northern part of the range, nests are often destroyed
within a few days of oviposition but after two or three weeks
INTERSPECIFIC INTERACTIONS nest survivorship increases to almost 100% (Robinson and

Bider, 1988). Rates of nest depredation may vary among

Diet. — Chelydra serpenting omnivorous and is years at the same site (Hammer, 1969; Congdon etal., 1987)
known to feed on a wide variety of aquatic invertebratessuggesting variation in predator abundance or environmen-
fish, amphibians, and plants. This species can completetal conditions (e.g., nesting during rain).
feeding strike in 78 milliseconds and has the ability to  During the dry-down of Lake Jackson, Leon Co., under
capture fast-moving prey items such as fish, crayfish, ansevere drought conditions, twi. serpentinavere found
amphibians (Lauder and Prendergast, 1992). There is ontlead on the dry lake bottom, a 14.0 cm CL juvenile and 26.8
one quantitative diet study of this species in Florida. Punzom CL adult, both probably killed by raccoons (Aresco,
(1975) examined the digestive tracts of59. osceolrom  unpubl. data). Despite speculation that alligators cause the
several habitats in west-central Florida and found that earttew densities o€. serpentinan Florida lakesC. serpentina
worms, insects, isopods, and plant material were presentwas not reported in a diet study of alligators in north-central
all individuals. The remains of amphibians were present ifrlorida although Florida red-bellied turtlePseudemys
95% of tracts, amphipods in 92% (probably eateiden-  nelson), peninsula cooters?6eudemys floridanastriped
tally with plants), and crayfish in 83%. Bone fragments werenud turtles Kinosternon baurj, and common musk turtles
present in 100% of individuals but most were not identified(Sternotherus odoratlisvere present in alligator stomachs
thus the relative importance of fish, birds, and mammals in the this study (Delany and Abercrombie, 1986).
diet of snapping turtles could not be evaluated in that study. At Parasites and Disease. Leeches Rlacobdella
McCord Pond in Tallahassee, Leon Co. with a high density gfarasiticg are commonly found on the soft parts @f
C. serpentingb.1% of adultyellow-bellied slidersiachemys  serpentina(Brooks et al., 1990, Aresco and Gunzburger,
scripta) and Florida cooter®6eudemys floridanavere miss-  unpubl. data). Plastral shell lesions (shell rot) infected sev-
ing one or more limbs, possibly the result of attacks byeral adultC. serpentindrom a suburban pond in Tallahas-
shapping turtles (Aresco and Gunzburger, unpubl. data). see, Leon Co. (Aresco and Gunzburger, unpubl. data).

Aquatic plants are a major component of the diet of
shapping turtles. Three adGltserpentin@ollected in Leon THREATS

Table 1-2.Variation in density, biomass, and percent composition Documented Threats, Habitat loss and fragmentation
in the turtle colmrlnunlltydthélyy,dr:aserpentma%ong foursngsz]I are significant threats to snapping turtle populations in
Leon County, Florida. Florida. Many small, isolated wetlands that support popula-
_ ) ) tions ofC. serpentinare destroyed or altered because they
Site (ha) n (tl?rﬁgs/'tga) ?ﬁgfﬁ;s %Scigcr;:]po- receive little or no legal protection in Florida. Terrestrial
habitats associated with wetlands that are vital$erpentina

'\HACC,Ofd Pgnd 51-5))5 (ﬁ ‘;3;% Zgé-g ig-g for nesting and linkage to other wetlands are afforded no
Cﬁg;)n%gr:] P%md((i.o)) 3 30 10.6 35 protection as they are outside of the wetland delineation

NW Lake Jackson (405) 17 0.04 0.1 0.2 boundaries (Gibbons, 2003). Direct loss of natural wetlands
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as a result of residential and commercial development anat when adults or juveniles move overland between aquatic
conversion of natural wetlands to stormwater retention pondsabitats. During drought conditions in Florida, lakes, ponds,
associated with urbanization can eliminate snapping turtland swamps may dry completely, causthgerpentindo
populations (Aresco, unpubl. data). migrate in search of water (Aresco, 2005). Thus, roads are
Even without commercial land development, diver-barriers to both normal seasonal movements and mass mi-
sions of natural water flows appear to have adversely afyrations during periodic drought conditions. Highway road-
fectedC. s. osceol@opulations in dedicated natural areas,sides also create artificial disturbed and open habitats that
such as the eastern part of Everglades National Park. Wat@iay be attractive to nesting females but may cause signifi-
diversion has aggravated drought conditions leading toant annual road mortality. In central Ontario, a 3-yr study
deaths following complete drying (Koschman, 1966). found 86C. serpentin&killed on roads during the nesting
Mechanical removal of organic sediment (“muck”) season, of which 24% were mature females (Haxton, 2000).
from lakes and ponds is an established wetland managemeénta 4-yr survey on the 3.6 km Long Point Causeway at Lake
technique in Florida and is a type of habitat alteration that iErie, Ontario, 272C. serpentinawere found road-killed
a serious threat t€. serpentingoopulations (Aresco and (Ashley and Robinson, 1996). Unfortunately, there are few
Gunzburger, 2004). Mechanical muck removal is conducteduantitative data on road mortality @. serpentinain
by the Florida Fish and Wildlife Conservation CommissionFlorida. Smith and Dodd (2003) reportedC8serpentina
(FFWCC) in attempts to enhance sport fisheries and inkilled in oneyear on a 3.2 km section of U. S. Highway
prove boater access, and by local municipalities to increagkt1 at Paynes Prairie. Althou@h serpentinavas at low
stormwater capacity of wetlands that serve as stormwatelensity (0.04 turtles/ha) at Lake Jackson, Leon Co., it
retention ponds in suburban areas. In most cases, the pordsd the greatest level of road mortality relative to abun-
are pumped dry and heavy machinery (large backhoes addnce compared to other turtle species (11 road-killed
bulldozers) remove all organic sediment to a depth at whichndividuals on 1.2 km of U.S. Highway 27 in four years)
sand or clay is reached, or much deeper in the case of ti®resco, 2005). Without careful monitoring of turtle
stormwater ponds. Organic sediment is either piled on thpopulations, the effects of road mortality@nserpentina
shore and allowed to dry before transport to off-site landfillgpopulations might not be detected until after population
or immediately loaded onto trucks as it is removed. In theleclines have occurred.
processC. serpentinaare either killed by suffocation in Potential Threats. —Historically, snapping turtles were
excavated piles of sediment or crushed by heavy machinergarvested for their meat throughout their range (Clark and
with virtually no chance to escape (Aresco and GunzburgeBouthall, 1920; Harding and Holman, 1987). In colder
2004). In some cases, turtles found by workers duringlimates, much of the commercial collecting of this species
pumping or excavating are taken for human consumptiowas done with long, recurved hooks that were used to probe
(Mitchell Brothers Construction Co., Tallahasseeys. muddy bottoms and undercut riverbanks at resting and/or
comm). During cold weather, turtles are inactive and ofterhibernation sites (Clark and Southall, 1920). During World
buried in organic sediment and are incapable of escapingyar Il Americans were encouraged to consider snapping
mechanical excavation or digging themselves out fronturtles as an alternative meat supply (Lagler, 1943). In the
muck piles. For example, at McCord and Harriman Ponds iearly 1970s, commercial harvest®f serpentinan New
Tallahassee, Leon Co., populations of 64 and 11 individual&,ork resulted in an average take of 2.4 adults/hal/year, alevel
respectively, were completely eliminated from these pondsf harvest that was not sustainable and a fourth-year yield
and many additional sediment removal projects are planneatiat was half of that in the first year (Kiviat, 1980).
in the next few years throughout Florida (Aresco and Commercial exploitation of snapping turtles has re-
Gunzburger, 2004). In cases where entire wetlands aently increased in many states because of a new demand
drained and dredged, local extinctiorCokerpentingopu-  from Asian markets (both in the U. S. and in China) for turtle
lations is likely with no foreseeable recovery. In suburbammeat, organs, and bones for food and traditional medicines.
landscapes, the probability of successful recolonization byhe wholesale value of hatchli@g serpentinancreased to
C. serpentinaof stormwater ponds is greatly reduced by a$6 each in 2002-03. Photographs accompanying Internet
road-fragmented landscape (Aresco, 2005). Large-scale sedales clearly show offerings of hatchli@gs.osceolafrom
ment removal operations leave lakes and ponds with a harslputh Florida (Ewertpers. obg. Although turtle farms in
graded sand or clay substrate devoid of any organic materi@hina are attempting to produce their duserpentingP.
and aquatic plants. Therefore, habitat alteration resultintyloler, FFWCC,pers. comn), China continues to import
from sediment removal reduces the likelihood of populatiothem from North America. A turtle trapper in Maine re-
recovery of species such@sserpentindghat are primarily  ported an Asian buyer who had solicited 5,000 pounds of
associated with habitats of thick organic sediment and densenall female snapping turtles. In North Carolina, 23,000
macrophytes. turtles were harvested in 2002, many of which were snap-
Roads built through or near wetlands are significanping turtles that were shipped to China or U. S. Asian
sources of mortality of turtle populations in Florida (Aresco,markets (North Carolina Division of Wildlife Management,
2005).Chelydra serpentine frequently observed attempt- pers. comn). The Maine Department of Inland Fisheries
ing to cross roads when females emerge from water to nesd Wildlife banned commercial harvest of snapping turtles
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in 2002 because of decades of overexploitation and thgonds, sport fish stocks, and waterfowl at both private and
potential increase in harvest from Asian buyers offering higlpublic water bodies continue to employ lethal methods of
prices. In Florida the level of harvest Gf serpentinas  predator control on perceived fish and waterfowl predators
unknown as the FFWCC does not require permits or reporsuch as turtles. Although there is no scientific evidenc€that
ing for turtles harvested for personal consumption and moserpentinareduces populations of fish or waterfowl, this
commercial turtle harvest (65-85%) goes unreported (Engspecies is often trapped and killed for this reason throughout its
1993). Enge (1993) reported that 83 |b (37 kg) of dressednge (J. Birdsleypers. comm Arescopers. obg.

shapping turtle meat was sold to one fish market in the Lake Despite Federal regulations that prohibit sale of turtles
Okeechobee area from 1990-92, prior to the considerabless than four inches in length, hatchling and small juvenile
increase in Asian demand for U.S. turtles in the last sever@l. serpentinare commonly sold in pet stores (e.g., at three
years. Conversations with local turtle trappers in norttpet stores in Tallahassee in 2003) (Arepens. obg. From
Florida indicate thaC. serpentinaare often captured on 1990-92, 26Z. serpentinaaken from the wild were sold in
trotlines, setlines, and bush hooks, both intentionally and gset stores, but clearly the actual numbers collected were far
bycatch while trapping Florida softshellspalone ferok greater than reported (Enge, 1993).

According to trappers, shapping turtle meat is kept for

personal consumption or sold locally. In the 1980s—1990s, STATUS
baited trotlines set to catch Florida softshells were prevalent
on Lake Jackson, Leon Co. (M. Hill, FFWQg&rs. comn). The status ofC. serpentinais unknown in most of

Although C. serpentinanay naturally be less abundant in Florida, but is generally considered secure. The species is
large lakes, long-term exploitation @f. serpentinaboth  not currently listed by CITES, USFWS, FCREPA, or
directly or as bycatch to Florida softshell harvest may at leagtFWCC.
partially explain the very low density of this species at Lake
Jackson compared to nearby ponds, which have relatively CONSERVATION OPTIONS
high densities o€. serpentinébut no harvest pressure. A AND SOLUTIONS
series of very larg€. s. osceolaollected in the 1920s from
Lake Apopka, Orange Co. (FLMNH 53698, 66157, 66158;  Chelydra serpenting not State or Federally listed as
CL’'s 40.5, 42.5, and 39.9 cm) suggests the historic presentereatened or endangered. However, Federal and state regu-
of large individuals in lake populations that are rarelylations are insufficient to protect many of the wetland
observed today. Therefore, although levels of unreportedabitats (e.g., small, isolated, and seasonal wetlands) that
harvest for personal consumption or local sales may bsupport snapping turtle populations in Florida. Therefore,
relatively low, someC. serpentinapopulations may be state legislative regulations should be passed to protect these
adversely affected if population densities are naturally lowvetlands (not connected with U.S. navigable waters) that are
and the same populations are exploited over time. no longer protected due to a recent Supreme Court decision
Population viability models derived for northern popu- (Gibbons, 2003). Additional regulations should extend wet-
lations demonstrate that low levels of harvest (less thaland conservation boundaries to include the terrestrial pe-
10%) of adultC. serpentinacan lead to rapid depletion of riphery and terrestrial corridors between isolated wetlands
populations (Galbraith and Brooks, 1987; Congdon et al(Buhlmann and Gibbons, 2001).
1994), and even light conventional harvestis not sustainable The negative effects of sediment removal on popula-
(Galbraith et al., 1997Without close monitoring of the tions of C. serpentinaand other herpetofauna should be
population status of this species, the effects of overharvestarefully considered prior to the permitting of future projects
ing may not be recognized until they become severe. Cofpy regulatory agencies and, if possible, mitigation efforts
sumption of this species by humans might be tempered ksuch as capturing and relocating turtles to nearby ponds prior
the observation that it is high on the food chain, long livedto and during these projects should be undertaken.
and has been shown to concentrate organochlorine toxicants Reducing or eliminating road mortality dZ.
(e.g., from pesticides in agricultural areas) to a degreserpentinacan be accomplished by constructing diver-
considered unsafe for humans under USDA standards (Stos®n fencing or barriers along the road in combination
et al., 1980; Golet and Haines, 2001). with under-highway culverts at key crossing locations
Incidental killing of all species of turtles, includi@y  (Dodd et al., 2004; Aresco, 2005; M. Papin, NYDOT,
serpentina by bank fishermen continues in north Floridapers. commn). Areas where road-kills are concentrated
and is especially problematic during drought conditionsalong defined stretches of road, such as where highways
when turtles become concentrated in relatively small aredsisect wetlands or at important nesting sites, should be
(Aresco,unpubl. data). Turtles are killed due to a misconcepidentified for mitigation (Aresco, 2005). In Florida, such
tion that they compete with humans for fish and because thgyojects typically originate at the county level (e.qg.,
may take bait (e.g., worms, chicken parts) or tackle thatletropolitan Planning Organization) and involve coop-
fishermen retrieve by destroying the turtle (Arepens. obg.  eration with the Florida Department of Transportation
Juvenile snapping turtles are more vulnerable to thisthreatthfRDOT), with potential funding sources such as Federal
adults. Some government and private managers of fisherigmnsportation enhancement funds under TEA-21 (Trans-
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portation Equity Act for the 21st Century) or FDOT Ponds and Dale Jackson for field assistance along the lower
environmental mitigation funds (Transportation Researci\palachicola River. David Auth, Max Nickerson, and Kenny
Board, 2002). New road projects should be carefullyKrysko provided access to the FLMNH collection. Carla
evaluated for their environmental impacts during thevan Ness, Audrey Owens, and Laura Wewerka provided
PD&E phase (Project Development and Environmentalpassistance during examination of museum specimens. Whit
and wildlife crossing and diversion structures designedibbons, Judy Greene, and Francis Rose provided prompt
into such projects beforehand. FGr serpentinaand  reviews of a draft of this chapter.

other turtles with good climbing ability, diversion struc-

tures should be at least 1 mtall, have an inward facing lip, LITERATURE CITED

and buried to at least 30 cm. Wire exclusion fencing

typically installed along major highways in Florida to Arescq M. J. 2005. Mitigation measures to reduce highway mortal-

prevent wildlife-vehicle collisions does not work for all ity of turtles and other herpetofauna at a north Florida lake. Journal

size classes of turtles. There are numerous large gag\sof Wildlife Management 69:549-560.

. . Rescq M. J.,anp GunzuRGER M. S. 2004. Effects of large-scale
under fencing, especially at watercourses and wetlands, __ . . :
sediment removal on herpetofauna in Florida wetlands. Journal of

and standard wire size qnly excludes larger turtles (greater Herpetology 38:275-279.
than 4/, inches shell width, Arescpers. obg. Arescq M. J.,anp F. C. dues. 2005. Ecological relationships and
There are currently no regulations in Florida that abundance ofturtlesin north Florida lakes: a study of omnivory and
protectC. serpentindrom excessive harvest and we lack an analysis of the trophic structure of a whole lake food web. Final
adequate baseline data on the level of harvest of this Report. Florida Fish and Wildlife Conservation Commission,
species to properly assess population viability and set Tallahassee, Florida, 66 pp. _ _
sustainable limits on use. We recommend that the Florid@SH-eY, E. tp_l-AND RSB':‘SON J|d1|—f 1993-] Rfad rgor_ti"ty of amphlf-k
Fish and Wildlife Conservation Commission consider a 'a1S: fépties and otherwiidite on the Long Foint causeway, Lake
. . . . Erie, Ontario. Canadian Field Naturalist 110, 403-412.
moratorium on harvest d€. serpentinauntil baseline

d I d. If oth foll h Caroli Bascock, H. L. 1932. The American snapping turtles of the genus
ata are collected. If other states follow Nort arolina Chelydrain the collection of the Museum of Comparative Zool-

and ban commercial turtle harvest, commercial turtle gy ‘Cambridge, Massachusetts, U.S.A. Proceedings of the Zoo-
trapping will probably increase in Florida over the next |ogical Society of London 4:873-874.

several years. At a minimum, all turtle harvest (personaBancrort, G. T., GopLey, J. S., @oss D. T., Roiag N. N., SITPHEN,
and commercial) should require a specific trapping per- D. A., ano McDiarvip, R. W. 1983. Large-scale operations
mit and mandatory reporting of size, sex, and number of management test of use of the white amur for control of problem
harvested turtles. This strategy should be implemented 2quatic plants. The herpetofauna of Lake Conway: Species ac-
immediately in order to closely track the status of har- Counts. Misc. Paper A-83-5. U. S. Army Engineer Waterways
vested pOpUIatlonS and the activities of turtle trapperﬁROOKS R. J., GueraitH, D. A, anD LayrELD, J. A. 1990. Occurrence of
throughout the sta’[e.. . PlacobdellaparasiticéHirudinea) on snapping turtl€helydraserpentina
Fishermen and fisheries and waterfowl managers i, southeastemn Ontario. Journal of Parasitology 76:190-195.
should be educated th@t serpentinadoes not signifi-  Buprasrar, J.,an0 Mo, E. O. 1990Chelydra serpentinicommon
cantly affect fish and waterfowl populations, but in fact, snapping turtle). Feeding behavior. Herpetological Review 21:19.
provide important ecological functions as scavenger8urivann, K. A.,anp Gissons, J. W. 2001. Terrestrial habitat use by
and herbivores. Needless eradicationCofserpentina aquatic turtles from a seasonally fluctuating wetland: implications
from public and private ponds and lakes should be spe- fBo_r\lNetIaZ(i;:-gnfze;vation boundaries. Chelonian Conservation and
. i iology 4:115-127.
glflcally prOhlb.lted by Fhe FFWCC. In gre.as where bankCARR, A. F., & 1952. Handbook of turtles. The turtles of the United
fishermen continually kill turtles that are incidentally caught

fishi i h individual hould b d States, Canada, and Baja California. Comstock Publ. Co., Cornell
on fisning lines, those Individuals shou e prosecute University Press, Ithaca, New York.

under the FFWCC general regulation prohibiting “Wantonc,gistianson, J. L..anp Burken, R. R. 1979. Growth and maturity of
and willful destruction of wildlife.” Trotlines, setlines, and  the snapping turti€helydra serpentinin lowa. Herpetologica
bush hooks should be prohibited in Florida as they indis- 35:261-266.

criminately capture non-target species and incidental mofsLark, H. W.,anp SoutaLL, J. R. 1920. Fresh water turtles: A source
tality of turtles can occur from abandoned bush hooks in of meat supply. U.S. Bulletin Fish Doc. 889:3-20.

Panhandle rivers (e.g., Ochlockonee River, Apalachicol&°NePon, J.D.,anp Giesons, J.W. 1989. Biomass productivity of
River, and Wacissa River) turtles in freshwater wetlands: A geographic comparison. In:

Sharitz, R. R., and Gibbons, J. W. (Eds.). Freshwater wetlands and
wildlife, pp. 583-592. DOE Symposium Series No. 61.

Conepon, J. D., BRermensacH, G. L., Van Losen SeLs, R. C.,AND
Tinkee, D. W. 1987. Reproduction and nesting ecology of snap-
We thank the sediment removal crews that assisted in ping turtles Chelydra serpentinain southeastern Michigan.

our collection efforts at sites in Leon Co., and Michael Hill, Herpetologica 43:39-54.

Jesse Sasser, Joseph Daltry, and Curtis Watkins for permi$sncoon, J. D., lunHam, A. E.,AND VAN Logen SeLs, R. C. 1994.
sion to access sediment removal sites. We especially thankDemographics of common snapping turt@sglydra serpentina
Dean Hansen for field assistance at Harriman and McCord Implications for conservation and management of long-lived or-

Experiment Station, CE, Vicksburg, Mississippi.

ACKNOWLEDGMENTS



56 Biology and Conservation of Florida TurtlesChelonian Research Monographs, No. 3 — 2006

ganisms. American Zoologist 34:397-408. ings: Conservation, Restoration, and Management of Tortoises and
CroTHER B. L., Bounpy, J., GwpeeLL, J. A., [k QuiEroZ K., FRrosT, D., Turtles, pp. 186-194. New York Turtle and Tortoise Society.

Green, D. M., HeHTON, R., MERSON J. B., MeDiarRMID, R.W., MEYLAN, Gieeons, J. W. 2003. Terrestrial habitat: a vital component for

P.A., Reper T.W., Si0EL, M. E., StES, J.W., TLLY, S. G.AND WAKE, herpetofauna of isolated wetlands. Wetlands 23: 630-635.

D. B. 2000. Scientific and standard English names of amphibians ar@leeons, J. W. AND LovicH, J. E. 1990. Sexual dimorphism in turtles
reptiles of North America north of Mexico, with comments regarding with emphasis on the slider turtiérachemys scripyaHerpeto-
confidence in our understanding. Society for the Study of Amphibians logical Monographs 4:1-29.

and Reptiles Herpetological Circular No. 29. Giseons, J. W., Mvak, S. S.anp Ernst, C. H. 1988Chelydra serpentina

DeLany, M. F.,anp Asercromeig C. L. 1986. American alligator Catalogue of American Amphibians and Reptiles 420:1-4.
food habits in north-central Florida. Journal of Wildlife Manage- Gist, D. H.,anp Jones J. M. 1989. Sperm storage within the oviduct
ment 50:348-353. of turtles. Journal of Morphology 199:379-384.

Dobp, C. K., &., W. J. BRricHivicH, anD L. L. SwitH. 2004. Effectiveness  Goter, W. J.,anp Hanes, T. A. 2001. Snapping turtle€ijelydra
of abarrier wall and culverts in reducing wildlife mortality on a heavily ~ serpentingas monitors for mercury contamination of aquatic environ-
traveled highway in Florida. Biological Conservation 118:619-631.  ments. Environmental Monitoring and Assessment 71:211-220.

Dunson, W. A. 1986. Estuarine populations of the snapping turtleHamver, D. 1969. Parameters of a marsh snapping turtle population,
(Chelydrg as a model for the evolution of marine adaptations in Lacreek Refuge, South Dakota. Journal of Wildlife Management
reptiles. Copeia 1986:741-756. 33:995-1005.

Encg, K. M. 1993. Herptile use and trade in Florida. Final Perfor-Harbing, J. H. anD Howman, J. A. 1987. The paleohistory of turtles:
mance Report, Nongame Wildlife Program, Florida Game and a brief history. Bulletin Chicago Herpetology Society 22:109-116.
Fresh Water Fish Commission. Haxon, T. 2000. Road mortality of snapping turtl€3helydra

ErnsT, C. H., LovicH, J. E.AND BarRBOUR, R. W. 1994. Turtles of the serpentinain central Ontario during their nesting period. Cana-
United States and Canada. Smithsonian Institution Press, Wash-dian Field Naturalist 114:106-110.
ington, D. C. Iverson J. B. 1977. Reproduction in freshwater and terrestrial turtles

EwerT, M. A. 1976. Nests, nesting and aerial baskindadroclemys of north Florida. Herpetologica 33:205-212.
under natural conditions, and comparisons withelydra  Iverson J. B. 1982. Biomass in turtle populations: A neglected
(Testudines: Chelydridae). Herpetologica 32:150-156. subject. Oecologia 55:69-76.

Ewert, M. A. 1979. The embryo and its egg: development and naturdierson J.B. 1992. A Revised Checklist with Distribution Maps of
history. In: Harless, M., and Morlock, H. (Eds.). Turtles: Perspec- the Turtles of the World. Richmond, IN: Privately printed, 363 pp.
tives and Research. John Wiley & Sons, New York, pp. 333-413verson J. B., Heacins, H., SrRuNik, A., AND GRIFFITHS, C. 1997.

Ewert, M. A. 1985. Embryology of Turtles. In: C. Gans, F. Billett, Local and geographic variation in the reproductive biology of the
and P.F.A. Maderson (Eds.). Biology of the Reptilia 14, Wiley- snapping turtle@helydra serpentinaHerpetologica 53:96-117.

Interscience, New York, pp. 73-267. IvErson J. B., HARNE, D., WATTERS, J., RosHAW, D., AND LARSON,
EwerT, M. A. 2000.Chelydra serpentina oscedl@lorida snapping J. 2000Chelydra serpentinecommon snapping turtle). Density
turtle). ReproductiorHerpetological Review 31:172 and biomass. Herpetological Review 31:238.
Ewert, M. A, anDp Jackson, D. R. 1994. Nesting ecology of the Jackson, D. C., Hreert, C. V., anp ULtscH, G. R. 1984. The
alligator snapping turtleMacroclemys temminckiialong the comparative physiology of diving in North American freshwater

lower Apalachicola River, Florida. Florida Game and Fresh Water turtles. 1l. Plasma ion balance during prolonged anoxia. Physi-

Fish Commission, Nongame Wildlife Program Report NC89-020, ological Zoology 57:632-640.

Tallahassee, Florida, 45 pp. Jackson, D. R.,anp EwerT, M. E. 1997 Chelydra serpentinésnap-
EwerT, M. A., Jackson, D. R.,anp NeLson, C. E. 1994. Patterns of ping turtle). Reproduction. Herpetological Review 28:87.

temperature-dependent sex determination in turtles. Journal éfiviat, E. 1980. A Hudson River tidemarsh snapping turtle popu-

Experimental Zoology 270:3-15. lation. Transactions of the Northeast Section of the Wildlife
Feuer R. C. 1971. Intergradation of the snapping tudhbslydra Society 37:158-168.

serpentina serpentina serpentifiannaeus, 1758) anGhelydra  Koschman, G. 1966. Turtles and the Everglades water problem.

serpentina osceoldlerpetologica 27:379-384 International Turtle and Tortoise Society Journal 1:21-22, 36, 47.
FroEesg A. D.,anD BurcHARDT, G. M. 1975. A dense natural popula- LacLER, K. F. 1943. Turtle: an unrationed ration. Michigan Conser-

tion of the common snapping turti€Helydra s. serpentina). vation 12:6-7.

Herpetologica 31:204-208 LAGLER, K. F,aND APpPLEGATE, V. C. 1943. Relationship between the

GaLBrAITH, D. A., anD Brooks R. J. 1987. Survivorship of adult length and the weight in the snapping tu@tteelydra serpentina.
females in a northern population of common snapping turtles, American Naturalist 77:476-478.
Chelydra serpentin&anadian Journal of Zoology 65:1581-1586. LAubER, G. V.,AND PRENDERGAST, T. 1992. Kinematics of aquatic prey
GaLBrAITH, D. A., GHanDER, M. W., AND Brooks R. J. 1987. The fine capture in the snapping turtiehelydra serpentinalournal of
structure of home ranges of m@lkelydra serpentinare snapping Experimental Biology 164:55-78.
turtles territorial? Canadian Journal of Zoology 65:2623-2629. Linnagus, C. 1758. Systema Naturae" &@. Holmiae, Sweden. 1:1-824.
GaLBRAITH, D. A, BisHop, C. A., BrRooks R. J., 81ser, W. L., AND Manmoup, I. Y., anp Cvrus, R. V. 1992. The testicular cycle of the
Laveman, K. P. 1988. Factors affecting the density of common common snapping turtl€Chelydra serpentinain Wisconsin.
snapping turtlesthelydra serpentina serpentin€anadian Jour- Herpetologica 48:193-201.
nal of Zoology 66:1233-1240. MaJor, P. D. 1975. Density of snapping turtil€selydra serpentina,
GaLBrAITH, D. A., Brooks R. J.,anp OsBarD, M. E. 1989. The in western West Virginia. Herpetologica 31:332-335.
influence of growth rate on age and body size at maturity in femal®losivann, J. E.anp BiDer, J. R. 1960. Variation, sexual dimorphism, and
snapping turtlesGhelydra serpentifaCopeia 1989:896-904. maturity in a Quebec population of the common snapping turtle,
GaLeraITH, D. A., Brooks R. J.anp Brown, G. P.1997. Canmanagement  Chelydra serpentin&Canadian Journal of Zoology 38:19-38.
intervention achieve sustainable exploitation of turtles? In: Proceed®searp, M. E.,aND Brooks R. J. 1981. A radio-telemetry and mark-



Chelydridae- Chelydra serpentina 57

recapture study of activity in the common snapping t@tie]ydra snapping turtles. New York Fish and Game Journal 27:39-50.
serpentinaCopeia 1981:630-637. TrANSPORTATIONRESEARCHBOARD. 2002. Interaction between roadways
PriLLips, C. A., Dmmick , W. W.,anD CaRR, J. L. 1996. Conservation and wildlife ecology: A synthesis of highway practice. National
genetics of the common snapping turthélydra serpentina Cooperative Highway Research Program, Synthesis 305, Transporta-
Conservation Biology 10:397-405. tion Research Board of the National Academies, Washington, D.C.
Punzo, F. 1975. Studies on the feeding behavior, diet, nesting habii#/aker, D. ano Avisg, J. C. 1998. Principles of phylogeography as
and temperature relationships ©helydra serpentina osceola illustrated by freshwater and terrestrial turtles in the southeastern United
(Chelonia: Chelydridae). Journal of Herpetology 9:207-210. States. Annual Review of Ecology and Systematics 29:23-58.
Richvonp, N. D. 1958. The status of the Florida snapping turtleWaLker, D., MoLER, P. E., BHLvANN, K. A., AND Avisg, J. C. 1998.
Chelydra osceol&tejneger. Copeia 1958:41-43. Phylogeographic uniformity in mitochondrial DNA of the snap-

Roginson, C.,AND BIDER, J. R. 1988. Nesting synchrony — a strategy  ping turtle Chelydra serpentiaAnimal Conservation 1:55-60.
to decrease predation of snapping tur@dlydra serpentifa ~ WHiTE, J. B.,anD MurpHY, G. G. 1973. The reproductive cycle and

nests. Journal of Herpetology 22:470-473. sexual dimorphism of the common snapping tudbelydra
ScHwEIGGER A. F. 1812. Monographiae Cheloniorum. Kénigsberg.  serpentina serpentindlerpetologica 29:240-246.

Arch. Naturwiss. Math. 1:271-368, 406-458. WitHorT, D. C., Hbrauing, E., anp Franks, P. 1983. Effects of
SwitH, L. L., anp Dopp, R., C. K. 2003. Wildlife mortality on U.S. temperature on sex determination in embryos of the snapping

Highway 441 across Paynes Prairie, Alachua County, Florida. turtle,Chelydra serpentinalournal of Herpetology 17:38-42.

Florida Scientist 66:128-140. YntEmA, C. L. 1976. Effects of incubation temperatures on sex
Sreanecer L. 1918. Description of a new snapping turtle and a new differentiation in the turtleChelydra serpentinalournal of Mor-

lizard from Florida. Proc. Biol. Soc. Washington 31:89-92. phology 150:453-462.

Srong, W. B., Kviat, E., anD Butkas, S. A. 1980. Toxicants in



