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ABSTRACT

The reproductivehabits of the Florida east coast terrapin, Malaclemys
terrapintequesta were studied from 1977to 1979 at the MerrittIsland National WildlifeRefuge, Brevard County, Florida. Nesting occurred only on
dike roads, in contrast to other subspecies of Malaclemys which normally
nest on sand dunes. Nesting occurred from April to July, during daylight
hours, and reached a peak duringperiods of high air temperaturesand clear
skies. Mean clutch size was 6.7, and up to three clutches may be laid each
year. The clutch size of M. t. tequesta is considerably smallerthan that of
northernpopulations of Malaclemys. Small clutch size is apparentlycorrelatedwith an increase in egg and hatchlingsize, which may result in higher
survivorshipof offspringin southern populations.

The diamondbackterrapin,Malaclemysterrapinis one of the most widely
distributedspecies of turtles in North America, extending from Cape Cod
southwardto the Florida Keys, and as far west as the Gulf coast of Texas.
Such a wide-rangingspecies might be expected to show considerable variation in its reproductivebiology. Unfortunately,field studies of the reproductive habits of Malaclemys have been limitedto the northernsubspecies,
M. t. terrapin (Finneran, 1948;Reid, 1955;Burgerand Montevecchi, 1975;
Montevecchi and Burger, 1975;Burger, 1976a,b, 1977).Informationregarding reproductionin other subspecies is confined to captive specimens (Hildebrand, 1929, 1932;Burns and Williams, 1972);the usefulness of this informationis limited (Carr, 1952;Burnley, 1969).
The Florida east coast terrapin, M. t. tequesta has the southernmost
distribution of any Malaclemys with the exception of M. t. rhizophorarum.

Recent papers have dealt with mortality (Seigel, 1978), predation (Seigel,
1 Present address: Museum of Natural
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Fig. 1. Merritt Island National Wildlife Refuge. Shaded areas represent lagoonal waters.
Study area for nesting habits is shown by cross-hatching.
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1980a),and matingbehavior(Seigel, 1980b),but nothinghas been published
concerning reproductionin this subspecies. The purpose of this paper is to
compare the nesting habits, clutch size, and reproductive potential of M.
t. tequesta to those of other subspecies.
MATERIALS AND METHODS

My investigationswere conducted from January1977to April 1979at the
MerrittIsland National Wildlife Refuge, Brevard County, Florida (Fig. 1).
The refuge consists of three large brackishwater lagoons, each surrounded
by a series of dikes and brackish water impoundments,built in the late
1950's. The construction of these dikes resulted in the eliminationof virtually all of the salt marsh on the refuge, so Malaclemys at MerrittIsland
are confined to the lagoons, or to the brackish water impoundmentswhich
surroundthem. A more detailed descriptionof the study site is given elsewhere (Seigel, 1979).
Informationconcerningnesting habits was collected by walkingtwo standardized 1.6 km census routes along a dike road on the northernboundary
of the refuge (Fig. 1). Each route was checked 3-5 times daily duringAprilJuly, from 0700-0100. Turtles were collected by hand as they nested along
the sides of the dike. Additional specimens were collected from a narrow
canal borderingthe study area. Straight-linecarapace and plastron lengths
(to the nearest 0.1 cm), and body weights (to the nearest 10g) were recorded
for each individual. Cloacal, substrate and shaded air temperatureswere
measuredto the nearest0.1 C with a Schultheisquick-readingthermometer.
All turtles were markedand released at point of capture. Clutch size was
determinedby direct counts in naturalnests, examinationof corporalutea,
enlarged follicles and oviducal eggs, and by X-ray examinationof gravid
females (Gibbons and Greene, 1979). Eggs were incubatedon moist soil in
an open house traileron the refuge. Eggs and hatchlingswere measuredto
the nearest 0.1 cm with dial calipers, and weighed to the nearest 0.1 g on
a Mettler balance.
All means are followed by ? one standarddeviation. Student'st-tests were
used to compare sample means.
RESULTS AND DISCUSSION

Nesting habits. Although numerous areas, including sand dunes, spoil
islands, and the borders of the lagoons were surveyed for signs of nesting
activity, nesting was observed only on dike roads. In contrast, other subspecies of Malaclemys nest almost exclusively on sand dunes, or in areas
where sand dunes were historicallypresent (Carr, 1952;Reid, 1955;Burger
and Montevecchi, 1975;R. Wood, pers. comm.). Why MerrittIsland terrapins do not nest on sand dunes is unknown. Distance from the water is
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not an importantbarrier,since at least one lagoon (Fig. 1) is borderedquite
closely by sand dunes. Conceivably, the soil of the dunes on the refuge is
unsuitablefor nesting. The only suitable nesting areas before the construction of the dikes in the late 1950's would have been the sandy borders of
the lagoons. Althoughno nesting occurred in those areas duringmy study,
it is likely that nesting was confined to those areas prior to 1960.
Gravid females were found from 6 May to 1 July in 1977(57 days), and
from 28 April to 18 June in 1978 (52 days). Malaclemys t. terrapin from

New Jersey had a 44 day nesting season, extending from early June to late
July (Burgerand Montevecchi, 1975).All nesting in Floridaoccurredduring
daylighthours, from 1040to 1610.Althoughair temperaturesduringsurveys
ranged from 24.4 to 36.2 C, nesting occurred only at temperaturesof 28.0
to 36.0 C (v = 31.0 + 1.9), and 83% of all nesting occurred between 29.0
and 33.0 C. Turtles also showed a significantpreferencefor nesting during
fair weather, ratherthan during periods of cloudy or overcast skies (X2=
5.11, d.f. = 1, P < .05). Other turtles, including M. t. terrapin (Burger and

Montevecchi, 1975)and Trionyxmuticus (Plummer, 1976) also have been
found to nest primarilyduringfair weather.
Clutch size and reproductive potential. The mean size of 14 clutches,

taken from naturalnests, oviducal eggs, and X-ray examination,was 6.7 ?
1.4 (range5-10). There was a significantpositive correlationbetween female
plastronlength and clutch size (r = .53, P < .05). Montevecchiand Burger
(1975)found a similarcorrelationfor M. t. terrapin.Of eight Floridafemales
examinedfor corporalutea, two showed evidence of havinglaid two clutches, and one probablylaid three. Multipleclutches have also been noted for
M. t. terrapin (Hildebrand, 1932; R. Wood, pers. comm.) and M. t. ma-

crospilota (D. Jackson, pers. comm.).
Eggs and hatchlings. Measurementsof eggs and hatchlingsare presented
in Table 1. No significantcorrelationswere found between clutch size and
egg size, nor between female size and egg size. Montevecchi and Burger
(1975) also found no correlationbetween these parameters.
Mean incubationtime for five clutches incubated under temperaturesof
20.0-34.0 C was 65.6 ? 5.3 days (range 60-73). Burger (1977) reported a
mean incubationtime of 76.2 days for M. t. terrapin eggs incubatedunder
naturalconditions. The lack of adequatetemperaturecontrols in this study
make meaningfulcomparisons of these figures impossible. Of 31 eggs incubated, 29 (93.5%)hatched successfully.
Geographic variation in reproduction. Montevecchi and Burger (1975)

suggested that Malaclenmysshowed considerable geographic variation in
clutch size, and my data support that speculation. Available information
concerning clutch size in Malaclemys is presented in Table 2. Clutch size
varies from 9.7 eggs/clutch in New Jersey terrapins, to 6.7 eggs/clutch in
M. t. tequesta. Similarreduction in clutch size in southern populationsof
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Table 1. Statistical data for 31 eggs and 29 hatchlings of Malaclemys terrapin tequesta.
Length in cm, weight in g.
x + SD

Parameter

3.90
2.23
12.48
3.19
2.79
8.83

Egg length
Egg width
Egg weight
Carapace length
Plastron length
Hatchling weight

+
+
+
+
?
-

Range

.13
.12
.73
.15
.14
.15

3.61-4.08
1.90-2.40
11.20-13.20
2.88-3.40
2.42-3.02
6.00-10.80

turtles has been reported for Sternotherus odoratus (Tinkle, 1961), and
Chrysemyspicta (Powell, 1967; Christiansenand Moll, 1973; Moll, 1973).
The significanceof this trend in Malaclemys is in part reducedby the small
numberof populationsexamined, and by the fact that considerablevariation
in clutch size can occur between local populationsof some species (Gibbons
and Tinkle, 1969). More populations of Malaclemys need to be studied to
confirmthis trend.
Perhapsa more significantgeographictrend is that for egg size (Table 3).
Eggs of Florida terrapinsare significantlylarger in both length and weight
than eggs of M. t. terrapin or M. t. pileata (t-test, P < .01). Florida hatch-

lings were also significantlylarger than their northern counterparts, but
since these measurementsmay be affected by soil moisture duringincubation (Marionet al., 1979;Packardand Packard,1980),they are not compared
here. Although it is conceivable that egg size could vary as greatly between
populations as does clutch size, no such variation has been reported, and
in general, mean egg size appears to be fairly uniformwithin a subspecies
(Christiansenand Moll, 1973; Iverson, 1979), although individualegg size
may vary widely (Ewert, 1979).
Table 2.
Malaclemys.

Comparison of clutch size and reproductive potential in various subspecies of

Subspecies

Locality

terrapin

New Jersey

terrapin
terrapin x centrata*
pileata*

Virginia
N. Carolina
Louisiana

tequesta

Florida

* Captive specimens.

Authority

Montevecchi and
Burger (1975)
Reid (1955)
Hildebrand (1932)
Burns and Williams
(1972)
This study

x clutch
size (range)

# of
clutches

N

9.7 (4-18)

1

40

7.0 (-)
8.0 (-)
8.5 (5-12)

1
1-5
1

11

6.7 (5-10)

1-3

14

1
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Table 3. Mean sizes of Malaclemvs terrapin eggs from various parts of the range. Measurement ranges are given in parentheses.
terrapin (I)

Locality
Authority
Egg length
Egg width
Egg weight
N

terrapin (II)

New Jersey
Maryland
Montevecchi and McCauley (1945)
Burger (1975)
3.11 (2.85-3.50)
3.16 (2.60-3.65)
1.97 (1.59-2.19)
2.12 (2.00-2.25)
7.7 (5.0-11.0)
-12.48
336
12

pileata

Louisiana
Burns and Williams
(1972)
3.73 (3.40-4.01)
2.39 (2.19-2.70)
95

tequesta

Florida
This study
3.90 (3.61-4.08)
2.23 (1.90-2.40)
(11.20-13.20)
31

It has been suggested (Tinkle, 1961; Tinkle et al., 1970; Pianka, 1970) that
because of high abiotic mortality in northern climates, selection there might
favor increased fecundity. In southern or tropical areas, where abiotic mortality may be less important and populations may approach the carrying
capacity, selection might favor increased survivorship and competitive ability among offspring, while reducing fecundity. The apparent shift in Malaclemys from large clutch size/small egg size in the north, to small clutch
size/large egg size in the south, appears to conform to these ideas. Moll and
Legler (1971) reported similar trends in egg size in Kinosternon. Large egg
size may result in higher offspring survivorship by providing greater food
reserves during development (Moll and Legler, 1971), by decreasing incubation time and thus increasing the amount of time available for hatchling
growth (Burger, 1977), and by producing a larger hatchling which may be
less vulnerable to some predators (Moll and Legler, 1971). Higher survivorship among larger offspring has been reported for some lizards (Derickson, 1976; Ferguson and Bohler, 1978) and for one turtle (Swingland and
Coe, 1979).
Moll (1979) suggested that reproductive strategies in turtles may be divided into two types: Type I-large clutches of small eggs laid in a welldefined area and nesting season; Type II-small clutches of large eggs laid
continuously and apparently at random. Type I is characteristic of temperate
species, while Type II is more characteristic of tropical areas. Considerable
overlap may occur however, so the above dichotomy is not complete. Moll
also suggested that the Type II pattern may result in increased survivorship
of offspring while sacrificing fecundity, the opposite of the Type I pattern.
Florida Malaclemys may be intermediate between the two types, laying
small clutches of relatively large eggs in a well-defined area, and in a definite, if elongated nesting season. It is possible that this strategy represents
an adaptation to the subtropical environment of M. t. tequesta.
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