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ABSTRACT
Natural history data were collected from popula-

tions of Graplemys ouachitensis and C psemlogeo-

graphica on the Mississippi River, Vernon County,
Wisconsin, from 1972-1978. Clutches of eggs were

incubated in the laboratory and field under various

temperature regimens. Hatchlings were maintained

in the laboratory for six years to study growth rates,

size at reproductive maturity and sex ratio within

clutches.

Examination of reproductive tracts of 50 females

suggest that they lay two clutches of eggs annually.

The average clutch size for G. pseudogeographica
was 14.1 and for G. ouachitensis, 19.2. The court-

ship displays of male G. ouachiiensis and G. pseu-

dogeographica involve the drumming of the fore-

claws against the ocular regions of the female. The
two species differed in the number of contacts per
"titillation" bout.

Nesting was observed from 18 May to 26 July.

Nest temperatures were monitored continuously for

one month in 1972. Incubation temperatures in the

laboratory were shown to affect hatching success,

number of scute anomalies, size of vellow head

blotches, and sex determination in both species. A
skewed sex ratio of five females per male was cal-

culated from trapping results.

Stomach contents of adult females suggested that

the food resources are being partitioned. Females

do not begin feeding until after laying their first

clutch of eggs for the season.

The primary function of basking is thermoregu-

latory, no aggressive interactions were observed be-

tween basking Graptemys. Crackles, Quiscalus

quiscala. were observed removing leeches, Placob-
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della parasitica, from basking Graptemys. Nest pre-
dation by red fox, raccoon, and otter was observed.

INTRODUCTION
The false map turtle complex. Grapt-

emys p. pseudogeographica, G. o. ou-

achitensis, G. o. sabinensis and G. p. koh-
ni has perplexed taxonomists and con-

fused ecologists since the time of the orig-
inal descriptions ( Vogt, in press). Ecologi-
cal data involving Graptemys have often
been based on populations that were in-

accurately identified. I realized this prob-
lem while attempting to determine which

species of this group occurred in Wiscon-

sin. Specimens collected from the Missis-

sippi River near Stoddard, Vernon Coun-

ty, indicated that all taxa listed above

occur sympatrically in Wisconsin. In 1971

at the same locality I collected 26 clutches

of eggs from unknown females. Labora-

tory incubation yielded hatchlings with

morphological characteristics of each,

suggesting that pseudogeographica, koh-

ni, ouachitensis and sabinensis have been

described from individuals of a single

highly polymorphic species. Smith (1961:

150-151) suggested this as one hypothe-

sis, having been confronted with the same

problem with false map turtles in Illinois.

These species and subspecies have

been defined primarily on differences in

head markings (e.g. Cagle, 1953; Ernst

and Barbour, 1972); using these criteria
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all "forms" were found to have emerged
from the 26 clutches of eggs, in some

cases more than one "species" or "sub-

species" from a single clutch. Study of this

taxonomic perplexity was begun in 1972

at the Stoddard site where the population
of Graptemys is large, and accessible. Be-

tween June and August of that year a

mark and recapture study was begun.

Subsequent trips were made intermit-

tently between April and November of

1972-1978. Although I was concerned

primarily with systematics of the G.

pseudogeographica complex, various as-

pects of the natural history of Graptemys
were observed. The field study was com-

plemented by a five year laboratory study

wherein eggs were incubated and young
raised. Courtship behavior, reproductive

potential and growth rates were studied

in both the field and laboratory. This pa-

per deals primarily with the natural his-

tory of G. ouachitensis and G. pseudo-

geographica. Detailed analysis of the sys-

tematics, courtship behavior and re-

source partitioning are presented else-

where (Vogt, 1978).

SYSTEMATIC RELATIONSHIPS
AND DISTRIBUTION

Graptemys pseudogeographica was de-

scribed by Gray (1831) from the Wabash

River at New Harmony, Indiana. Grapt-

emys pseudogeographica is found pri-

marily in large stream systems of the Mis-

sissippi drainage and occurs from the St.

Croix and Wisconsin rivers in northern

and central Wisconsin and the upper Mis-

sissippi River in Minnesota southward

through Louisiana and eastern Texas

(Vogt, Bull. Carnegie Museum, in

press).

Cagle (1953) described two new sub-

species of Graptemys pseudogeographica
from the southern United States: ouachi-

tensis from the Ouachita River of Louisi-

ana and sabinensis from the Sabine River

on the Louisiana-Texas border. My stud-

ies (Vogt, 1978) show that these two sub-
\,

species constitute a separate species, G.

ouachitensis, which occurs from the Mis-

sisisppi and St. Croix rivers in Wisconsin

and Minnesota, south through the Missis-

sippi River basin into Louisiana, west to

Lake Texoma, Oklahoma and east into

Indiana and West Virginia.

THE STUDY AREA

My study area, referred to as Missis-

sippi River Pool 8, extends 37.5 river km !|

north of a dam at Genoa, Vernon Coun-

ty, Wisconsin, to a point north of La-

Crosse (43^40' N latitude, 93^13' W Ion-
*

gitude). The Root and Lawrence rivers

are the main tributaries of this impound-
ment. Before construction of the lock and

dam in 1930, the main river channel com-
,

prised the bulk of the water surface area:

12,597 ha of channel, 2,764 ha of slough,

4,606 ha of marsh and 1,383 ha of pond.

Since the dam was closed in 1937, water

in the channel rose 3.5 m creating 27,481

ha of open pool and 2,873 ha of feeder

channels; the marshland was increased to

9,435 ha (Claflin, 1973). Much of the pool

area was taken from what previously had

been river bottom forest (Curtis, 1959),

stumps of which still remain provide ex-

cellent basking site for the turtles and

attachment sites for invertebrates. Tim-

ber-meadow in the study area was 56,810

ha in 1930, but in 1970 only 25.396 ha

remained (Claflin, 1973).

Within this general area, study was

concentrated on 230 ha within the per-

imeter defined by the intersection of

Crosby Slough and the main channel to

the north, Crosby Slough and Cook

Slough to the south and the main channel

to the west. Most nesting observations

were made on two islands which border

the main channel (Fig. 1).

The islands are characterized by ex-

panses of open sand surrounded by trees
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[Populus deltoides Marsh., Fraxinus

pennsylvanica var. subintegerrima (Vahl)

Fern., Acer negundo L., A. saccarinum

L., Betula nigra L. and Ulmus americana

L.] and shrubs [Salix sp., Amorpha friiti-

cosa L., Parthenocissus inserta (Kerner)

K. Fritsch, Vitis riparia Michx. and Cor-

niis obliqua Raf.]. The trees and shrubs

are essential in maintaining the integrity

of the island by limiting wind and water

erosion.

Open sand is sparsely covered with a

variety of herbs, the most common in the

open sand being Sporobolus cryptandrus

(Torr.) Gray, Carex sp., Bromiis tector-

um L., Tradescantia ohiensis Raf., Ver-

basciim thapsiis L. ,
Oenothera biennis L.,

and Lepidiiim densifloriim Schrad. Grap-

temys frequently dig nests adjacent to th-

ese plants. Along the border of the sand

and edge of the woods Asclepias syriaca

L., Barbarea vulgaris R. Br., Saponaria

officinalis L., Mollugo verticillata L. and

Cycloloma atriplicifoliiim (Spreng.)

Coult. were common. Some plants occur

primarily in the woods but were found at

the open sand-woods interface: Rhus ra-

dicans L., Laportea canadensis (L.)

Wedd., Urtica dioica L., Solanum dul-

camera L., Lynchnis alba Mill., Polygo-

num convolvulus L., Erigeron annuus

(L.) Pers., Equisetum arvense L. and

Galium obtusum Bigel. Phalaris arundi-

nacea L. occurs along the edge of the

water.

The shrubs and trees along the pe-

riphery of the islands as well as the her-

baceous plants on the open sand help pre-

vent the wind from eroding the sand and

exposing nests, and provide cover for

hatchling turtles as they move to the

water.

The turtles feed on and in the common
marsh aquatic plants found in shallow wa-

ter. Near the nesting islands these are

Scirpus validus Vahl, 5. fluviadlis

(Torr.), Sagittaria latifolia Willd., Ziza-

nia aquatica L., Phalaris arundinacea L.,

Phragmites communis Trin., Sparganium
americanum Nutt. and Carex sp. In deep-

er water near the islands and in the feed-

ing areas near the stumps Potamogeton
nodosus Poir., P. crispus L., P. ameri-

canus C. & S., P. foliosus Far., Heteran-

thera dubia (Jacqu.) MacM., Vallisneria

americana Michx., Elodea sp., Nym-

phaea tuberosa Paine, Nelumbo lutea

(Willd.), Spirodela polyrhiza (L.), Lem-

MISSISSIPPI RIVER - POOL 8

LA CROSSE

Figure 1 . Topographic map of study area showing location of trap sites.
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na minor L., Wolffia columhiana Karst.,

Ceratophvllum sp. and Myriophyllum sp.

provide both food and shelter.

MATERIALS AND METHODS

Turtles were collected in fyke nets with

leads, gill nets, and trammel nets and by
hand capture (Vogt, Copeia, in press).

Fyke nets varying in diameter from 61 cm

to 90 cm and in mesh size from 2.54 cm to

5.08 cm were set in 1-1.5 m of water with

the leads parallel to the shorelines of

nesting beaches, between feeding

grounds and deep water, or between

basking logs and deep water. Graptemys

was not attracted to bait, therefore fyke

nets were baited with fresh dead carp on-

ly when turtles other than Graptemys

were desired.

Local commercial fishermen, when

setting gill nets in the study area, saved

Graptemys that became entangled in the

12.5-17.5 cm mesh gill nets. Many of

these were freshly drowned specimens

from which eggs could be removed and

incubated. These dead specimens were

also used for stomach content analysis

and skeletal preparation.

Trammel nets (5.08 cm mesh, 17.8 cm

outer walling) were used primarily near

basking logs or wing dams during hiber-

nation periods (October, November, Ap-

ril). Turtles were driven into the nets by

the use of a "carphorn" (Vogt, 1978).

Female turtles were hand captured on

nesting beaches and by snorkeling while

they were feeding. Hatchlings were col-

lected in shallow water by hand and dip-

net. Seining with a 60 m, 2.54 cm mesh

bag seine proved to be ineffectual for ob-

taining young or adults.

During the first summer of studv

(1972) clutches of eggs from known fe-

males of G. ouachitensis and G. pseiido-

geographica were collected for taxonom-

ic study. All six nesting beaches on the

island were monitored each morning

from 0500-0830 hrs (Central Standard

Time) to obtain females and their recent-

ly laid egg clutches. Eggs from known

females were measured by use of dial cal-

ipers accurate to 0. 1 mm and incubated in

the laboratory at 280C. Each clutch was

labeled and kept in a separate glass bowl

containing moist spaghnum moss; and

the entire bowl was enclosed in a clear

plastic bag to prevent desiccation.

Following morning surveillance of

nesting beaches, the 12 to 18 fyke nets,

set at various localities within the study

area, were checked (Fig. 1). All G. psen-

dogeographica and G. ouachitensis were

brought back to camp for marking, and

recording of data.

Each turtle was weighed, measured,

photographed and marked; notes were

made on shell injuries, abnormalities,

color patterns and location of capture.

Females were palpated for the presence

of shelled eggs. Weight was determined

to the nearest gram. The turtles were

weighed under field conditions; upon

handling Graptemys usually void their

bladder. Injection of pilocarpin (Doran-

do, 1979) to induce voiding of all bladder

water was not feasible or desirable since

the inherent error was shown to be only

2.43% and any lasting effects on physiol-

ogy or behavior of the turtle have not

been studied. Maximum straight line car-

apace length, width and height were mea-

sured to the mm by use of a turtle measur-

ing board (Cagle, 1946). Plastral mea-

surements were taken either with dial cal-

ipers accurate to 0. 1 mm or with a flexible

ruler (nearest mm). Plastron width was

taken at the suture between the axillary

and pectoral scutes where it meets the 5th

and 6th marginals. Straight line plastron

length was taken from the farthest exten-

sion of the gular and anal scutes. During

the summer of 1972 only carapace length

and width were recorded. Both sides,

dorsum, and venter of the head of each
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turtle were photographed. Each turtle

was individually marked with colored

plastic plugs inserted with a "Dennison

Buttoneer" through a 2 mm hole drilled

through the center of one of the 7th-12th

marginals on each side of the carapace.

The marked turtles were then released at

the site of capture the following day. Fe-

males were sacrified from April-Novem-
ber to obtain eggs and fresh reproductive

tracts for determining reproductive con-

dition. Notes were made concerning the

number of growth rings on an abdominal

scute when discernible. A ring was mea-

sured from the edge of the areola to the

first deep groove in the scute. In agree-

ment with Moll and Legler (1971) the

term annulus is not used since it implies

yearly rings and no proof exists to show if

rings actually represent only one year.

Eggs were obtained by induction of

oviposition by oxytocin injections (Ewert

and Legler, 1978) during May and June of

1976 and 1977. If shelled eggs could be

discerned by palpation, the females were

taken back to the laboratory and injected

intramuscularly with 10 units of oxytocin,

then placed in a container of clean water,

25 cm deep at 28°-32°C and kept under

bright lights with minimal disturbance. If

eggs were not laid within one hr an addi-

tional injection of 10 units was given.

Weights were taken before and after egg

laying. The eggs were then weighed,
measured and placed in moist vermiculite

in incubators set at 25°, 30°, or 350C or

placed in a laboratory room where tem-

perature was maintained at 32°C with a

14 hr light cycle. In 1977, individual eggs

of seventeen clutches were incubated at

these different temperatures.

Young from the 1972 year class have

been reared in the laboratory to October

1978 (48 surviving) on a prepared diet of

agar, gelatin, trout pellets, bone meal,

oyster shells, cod liver oil, and multiple

vitamins. This was done to compare

growth rates between males and females

and to determine if any changes in head

color patterns occurred. They have been

kept on a 14 hour light cycle at 32°. "Vit-

alities" (Durotest) were used to provide
ultraviolet light. Blocksof plaster of Paris

and copper tubing were kept in each tank

to assist shell development. All the young
hatched in 1972 were measured,

weighed, marked and photographed in a

manner similar to that used with adults.

In addition, photographs were taken of

the carapace and plastron. Measure-

ments were repeated at least once a year.

After the second year of growth, when
external sex characteristics became appa-

rent, males and females were placed in

separate containers.

Analysis of feeding preference was

made by examination of the stomach con-

tents of freshly sacrificed or drowned in-

dividuals. Stomach flushing (Legler,

1977) was used during the 1977 season.

Stomach contents from females were

sorted and the components identified.

Volume of the sorted contents was then

determined by water displacement

(Vogt, 1978). Feeding behavior of fe-

males was observed through a 30X spot-

ting scope, or by snorkeling in their feed-

ing areas.

Nest and body temperatures were ta-

ken with a Schultheis quick reading ther-

mometer. An Easterline-Angus six-

channel recorder with six thermistors was

used for continuous recording of the

temperature in four nests and the sand

and air surface from July 16, 1972

through August 17, 1972.

All turtles sacrificed or drowned in the

nets of commercial fishermen were either

fixed in 109"^ formalin or skeletonized by

dermestid beetles and deposited in the

University of Wisconsin Zoological Mu-

seum, Madison. Hatchlings from 1971,

1972, 1976 and 1977 were also preserved

and deposited there.
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Table 1 = Measurements (cm) of carapace length (CL), carapace width (CW), cara-

pace height (CH), and weight (g) of male and female Graptemys from

Stoddard. (Range above; mean below)

Species Sex n CL CW CH WT (g)

G. ouachitensis

G. geographica

G. ouachitensis

d

G. psueodgeographica d

d

G. pseudogeographica +

G. geographica

68 10.9-13.7
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er female provides a higher than average

reproductive input into the population.
In addition the larger size of the females

may afford greater protection from avian

and mammalian predators when they
venture ashore to nest.

Reproductive cycles

Females begin the reproductive cycle

from late June to mid-July after laying

their last clutch of eggs for the year. From
then until early September females feed

and bask, converting the energy obtained

into enlarged ovarian follicles. They en-

ter hibernation with the coelomic cavity

encroached upon by enlarged ovarian fol-

licles. They do not feed in the spring until

the first clutch has been laid. Mating

probably takes place either in October or

April while the turtles are congregated at
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tured in October, November and April
courted and attempted copulation when
returned to an outside enclosure at the

laboratory.

Courtship by laboratory raised males
and males caught in the wild was ob-

served in the laboratory (Vogt, 1978),
and high speed motion pictures were
made to analyze differences among the

three species. Males identify conspecific
females by both visual and olfactory cues.

Specific odors appear to be associated

with the cloacal region of females since a

male, after placing his nostrils in close

proximity of the cloaca of a conspecific

females, often swims rapidly to her head
and begins courting; however, evidence

for long distance pheromones has not

been substantiated (Vogt, 1979).

Courtship in G. ouachitensis and G.

pseudogeographica also seems to be in-

itiated by visual cues. Males have been
observed to court conspecific females and
often other males after orienting towards
the head without initial cloacal contact.

Once a turtle is suspected to be a con-

specific female, males may immediately
try to mount or they may begin courtship.
The courtship displays of the three spe-
cies differ significantly and are probably

responsible for maintaining genetic isola-

tion between species pairs.

The aquatic displays of G. ouachitensis
and G. pseudogeographica are remarkab-

ly similar. The male approaches the fe-

male anteriorly with his forelimbs raised

above his head and arched laterally. Only
the hindlimbs are used to bring him into

position. When nose to nose contact is

nearly made, (within 3 mm) the forelimbs
are brought down, the venters of the fore-

feet are rotated laterally and the fore-

claws are simultaneously drummed
against the ocular region of the female
head. The duration of the drumming does
not differ significantly between the two
species but the frequency does. Jackson

and Davis (1972) described this as the

"titillation" phase of the courtship be-

havior in Pseudemys scripta. The length
of the titillation phase was highly variable

in both species of Graptemys ranging
from 280-750 ms (mean 454) in 23 G.

ouachitensis and 344-834 ms (mean 470)
in 13 G. pseudogeographica. The mean
number of contacts per bout, however,
was different for the two species. The
mean number of contacts for G. pseudo-

geographica, 10.3, was nearly twice that

of G. ouachitensis, 5.2.

In addition G. pseudogeographica dif-

fers by bobbing its head up and down
while G. ouachitensis holds its head sta-

tionary and vibrates the foreclaws.

Mounting is attempted whenever the fe-

male is almost motionless and does not

seem to be dependent on the number of

courtship bouts.

Courtship in G. geographica differs in

that no vibration of the forelimbs has ever
been observed. The male may attempt to

mount after cloacal contact. Or, after

cloacal contact, the male has been ob-

served swimming to the head of the fe-

male and, after making snout to snout

contact, bobbing his head rapidly in the

vertical plane. This is similar to the court-

ship behavior of G. pulchra (Shealy,

1976).

Mounting is facilitated in all three spe-
cies by the male hooking the tip of his tail

around that of the female to maintain

balance and to pull her cloaca into posi-
tion to allow intromission. Once intro-

mission is achieved the pairs have been
observed in coitus from 15 sec to over
four hrs. During this time the male re-

mains in a passive state floating at ap-

proximately a 45° angle upon the cara-

pace of the female. His forelimbs are usu-

ally arched above his head and held mo-
tionless.

Reproductive potential

Detailed reproductive data were only
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Table2. Relationship of both carapace length (CL)andaveragenumbcr of eggs perclutch(n = #
of clutches measured) and how they relate to size and weight of eggs in Graptemvs
pseudogeographicii.
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'

Table 3. Relationship of both carapace length (CL) and number of eggs per clutch (n = number of

clutches measured) and how they relate to size and weight of eggs in Graptemvs
ouachitensis.

Ave. no. Ave. egg Ave. no. Ave. egg Ave. no. Ave. clutch Ave. egg Ave. no.

CL ofeggs(h) length (cm) eggs (n) width (cm) eggs (n) wt. (g) wt. (g) eggs (n)

17-18
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since trapping did not start until 6 June,

many of the turtles could already have

laid their first clutch.

Eggs were obtained from 16 G. pseu-

dogeographica and G. oiiachitensis fe-

males which were injected with oxytocin

and released between 23 May and 2 June

1977. None of these was recovered during

a five day trapping period, 9-14 June 1977

in an attempt to document the laying of

more than one clutch in a season. How-

ever, two G. oiiachitensis were observed

to have double clutched in 1978.

Twenty-four adult females collected on

15 October 1976, and maintained in the

laboratory at 13^C were found to have

atretic ovarian follicles upon dissection in

January. The livers were distinctly

marked with yellow suggesting eggs were

being reabsorbed. Atresia has not been

observed in freshly caught Graptemys

during any season. Atresia of small or

medium-sized follicles in Pseiidemys

scripta in Panama was reported by Moll

and Legler (1971) and by Webb (1961) in

Oklahoma. Occurrence of atretic follicles

is also known from several other species:

Chrysemys picta (Powell, 1967), Terra-

pene ornata (Legler, 1960) and Terrapene

Carolina (Atland, 1951). The magnitude
of atresia occurring in the 24 Graptemys
maintained in the laboratory suggests

that they are capable of complete atresia

of all enlarged follicles if they are under

environmental stress.

NESTING

Females emerge from hibernation and

begin basking in early- to mid-April. The

warmer the temperatures in April and

May, the higher the metabolic rate of the

turtles; thus the shell may be laid around

the eggs more rapidly, allowing the clutch

to be laid earlier. This was demonstrated

by a female G. geographica collected at

the Crosby Slough hibernaculum on 5

November and brought into the labora-

tory and artificially hibernated at 3°-5°C

until 10 January. She was gradually

brought to 32^0 over a 24 hr period.

Within 10 days shelled oviducal eggs were

present. She was stimulated to oviposi-

Table 5. Relationship of clutch size to egg weight, length and width regardless of the

carapace size in G. pseudogeographica (n = number of clutches measured).

Clutch
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tion by oxytocin injection on 25 January.

After 2 months incubation at 25*^0 the

eggs hatched. The onset of nesting ap-

pears to be determined by spring tem-

peratures. During the seven years of this

study, the earliest first nesting observed

was 18 May and the latest 10 June: the last

known nesting occurred on 1 1 July.

Females with shelled oviducal eggs

have been found as late as 26 July (1972).

Nesting was not observed in 1972 until 9

June, and 95*^ of the females caught af-

ter 10 July did not contain oviducal eggs.

This corresponds roughly with the length

of laying period in 1977 when the earliest

nest was recorded 18 May and laying was

nearly finished by 14 June. Temperatures
in April and May, 1977, were higher than

in the same period in 1972, and may ac-

count for the earlier onset of egg laying in

1977 than in 1972 (Table 6). Although the

1977 turtles conceivably could have laid a

third clutch in late June or early July,

none appeared to have done so since all

eggs in the 128 nests examined on 19 Au-

gust had hatched and only six had young

remaining in the cavity.

Map turtles have been found construct-

ing nests from 0545-2030 CST under vari-

ous weather conditions. The majority of

nestings occurred between 0630 and

lOCX). Later in the day, air and sand tem-

peratures and sun intensity became too

great for turtles to leave the water. Dur-

ing overcast days nesting occurred

throughout the day. Cool nocturnal air

temperatures may also inhibit females

Table 6

Temperature dal a ( C) from LaCrosse Weather Bureau

(approximately 16 km north of study area)

Month AP-^^I May June

Year
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slapping the sand with it.

The female leaves the nesting beach

and returns to the water usually through
the same break in the vegetation that was

used in coming from the water. Fresh

nests can be readily distinguished by the

striking difference in sand particle size

between the nest and the surrounding

sand surface. The surrounding sand has a

coarse mosaic of small pebbles created by
wind erosion of the lighter sand while the

nest has a rather uniform small-grained

appearance. If found within an hour of

nesting, the nest area is moist due to void-

ing of bladder water and thus darker than

the surrounding sand. Nests remain obvi-

ous for a week or longer depending on

rain and wind erosion. Settling of sand

between recently laid eggs and after the

eggs hatch forms a shallow crater making
the nest even more easily distinguishable.

Some of the nesting beaches are so

crowded that nests may overlap.

Areas where dredge spoil has been

dumped in the last four years are not used

for nesting. No plants grow on those sand

piles and the water table is too low for the

turtles to reach moist sand. Many at-

tempts to excavate nests in dredge spoil

banks were noted; digging was apparent-

ly abandoned when the cavity failed to

hold its form. Abandoned holes were also

observed on other nesting areas. Other

authorities (Legler, 1960; Shealy, 1976)

refer to these as "test holes," implying

that the turtle is testing the substrate be-

fore laying. This may be the case in some

instances, but it is also just as probable

that the turtles were disturbed by weather

conditions before egg laying commenced,
and abandoned the nest. Turtles did not

return to complete or lay in these aban-

doned cavities.

Nest temperatures were monitored

continuously from 16 July to 17 August
1972 (Table 7). Thermistors were placed

in the center of four nests. Two (a) were

10 cm beneath the surface and two (b)

were 14 cm beneath the surface. Two ad-

ditional thermistors were placed outside

of nests: one 1 cm below the sand surface

(c), the other 10 cm above the surface in a

slatted wooden container shaded by a

tree (Betula) (d). Daily temperature fluc-

tuations ranged from 2.2 to 12.20C in the

nests. The average daily fluctuations for

two nests for 28 days was 6.7^0. The

incubation period in nature ranged from

60-75 days (14 nests). Hatching success in

nature was approximately 95% in 285

nests, (1972-77) that were excavated after

hatching. Hatchlings usually remain in

the nest until the yolk is completely ab-

sorbed.

Table 7. Nest, substrate and air mean temperatures (^C) from 16 July 1972 to 17

August 1972.



30 Tulane Studies in Zoology and Botany Vol. 22

No positive evidence of hatchling over-

wintering in the nest has been document-

ed for any of the species at this site. Over

500 nests have been examined from mid-

September through November without

finding young which might yet overwinter

before emergence. On 9 June 1972, one

hatchling was found crawling across the

center of nesting beach no. 5 at 0930

hours. The umbilical scar was dry and

crusted and appeared as if the hatchling

had not spent the winter underwater.

This early sighting is the only evidence

suggesting the possibility of occasional

overwintering. Overwintering in the nest

has been observed for other species

Pseudemys scripta (Cagle, 1944), Chrys-

emyspicta (Hartweg, 1946; Sexton, 1957;

Ream, 1967; Vogt, 1978), and Graptemys

spp (Newman, 1906).

The head and limbs of the hatchlings of

all three species are marked similar to

those of the adults, but the carapace and

plastron tend to be lighter and more bold-

ly marked than in adult. Ontogenetic dif-

ferentiation and pattern variation among
species is discussed elsewhere (Vogt,

1978).

Laboratory incubation

One to two days prior to hatching in the

laboratory, droplets of liquid condense

on the surface of the egg. The egg by this

time has expanded greatly in width and is

reduced in length. Within 48 hours one or

two longitudinal slits 5 to 20 mm in length

appear. Presumably these are cut by the

caruncle. These slits increase in length

over the next few hours and the hatchling

will force its head through the opening. In

the laboratory hatchlings will often pull

themselves out of the egg with their fore-

limbs and bury themselves in the sub-

strate. Usually, however, the hatchling

will remain in the egg shell for 3-6 days

until the yolk sac is nearly absorbed. The

caruncle is shed or absorbed within three

weeks of hatching.

The temperature at which the eggs are

incubated has a dramatic effect on head

patterns, scute anomalies, and sex deter-

mination. Each of 11 clutches of G. ou-

achitensis and six clutches G. pseudoge-

ographica were divided equally between

incubators set at 25° and 35°C. Sixty-six

eggs were incubated at 25°C, 54 hatched

in 66-70 days, six died during develop-
ment and six did not develop. Seventy

eggs were incubated at 35*^C, 17 hatched

in 49-54 days, 24 died during late stages of

development and 29 failed to show any

development. The low success at 35*^C

can be attributed both to temperature
and insufficient humidity. The eggs incu-

bated at 35°C often became dented be-

fore water was added to the substrate.

Five percent of the 60 that developed at

25°C had scute anomalies while 29% of

the 41 that incubated at 35°C had them.

Another effect of incubation tempera-
ture was the size of the yellow blotches on

the head of both G. pseudogeographica
and G. ouachitensis. Ewert (pers comm)
noted that postorbital yellow "crescents"

were formed in G. ouachitensis hatch-

lings when eggs were incubated at low

temperatures (25°C), but not at high

temperatures (30°C). He did not notice

this effect in G. pseudogeographica from

Wisconsin. Measurement of the indivi-

dual area of 13 of the yellow head blotch-

es on hatchlings of both G. pseudogeo-

graphica and G. ouachitensis showed sig-

nificant differences between eggs of the

same clutch incubated at 25°C and 35°C

(Vogt, 1978). A greater percentage of

larger yellow blotches were formed at the

lower temperatures.

Besides the phenotypic effects of incuba-

tion temperature, the sex of the hatchling

seems to be influenced by incubation

temperature. All of those that hatched at
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25^C were male and all that hatched at

35°C were female. The probability that

54 of the 66 incubated at 25°C being male

as a result of random sampling is very

small (< .05 probability in Chi'- test).

Bull and Vogt (1979) showed that sex is

environmentally determined under both

field and laboratory conditions. Yntema

(1976) and Pieau (1971, 1972, 1973) sug-

gested a similar phenomenon for Che-

lydra serpentina and Emys orbicularis.

The likelihood of the environmental

determination of sex may help to explain

the ratio of 5 females per male in the

population. The collecting techniques

used were sexually unbiased (Vogt, Co-

peia, in press). Such skewed sex ratios

have been reported for other populations

of G. pseudogeographica (Timken,

1968). He found a 4:1 sex ratio in favor of

females in the Missouri River in South

Dakota. Hildebrand (1929) found a sex

ratio of 4.4 females per male for captive

raised Malaclemys terrapin. Most other

turtle studies have found sex ratios which

do not differ significantly from 1:1 (Gib-

bons, 1970). My observations and collec-

tions made of Graptemys ouachitensis

and G.p. kohni in the White River, De-

Vairs Bluff, Arkansas from 1975-1977

show the opposite trend. About four

times as many males as females are seen

and caught. Tinkle (pers comm) found

the same to be true in Louisiana popula-

tions of these species.

The shorter testes can be distinguished

at hatchling from the ovaries by the abs-

ence of oviducts. Ovaries also have small

white spots on the surface. The sex of a

turtle apparently is determined prior to

hatching, since no sex reversals have

been noted from 30 hatchlings main-

tained in the laboratory for nine months.

Hatchlings that were maintained in the

laboratory for 5.5 years showed no ten-

dency toward sex reversal once secon-

dary sexual characters became apparent.

Growth in laboratory reared hatchlings

So few yearling and immature turtles

were discovered in the study area that

hatchlings had to be reared under artifi-

cial conditions to answer several ques-

tions concerning growth and demograph-

ic phenomena, such as: What is the sex

ratio at hatching? Is the differential sex

ratio in the adult population an index of

the sex ratio at hatching or is differential

mortality occurring? Do male turtles

grow more slowly than females and thus

are they more susceptible to predation

for a longer period of time, or do male

and female turtles grow at equal rates

initially, following which males slow in

growth upon reaching a specific size (sex-

ual maturity)? When do the external sex-

ually dimorphic characters appear?

When is sexual maturity reached?

A total of 197 hatchlings consisting of

65 G. ouachitensis from 17 clutches and

132 G. pseudogeographica from 19

clutches were reared in the laboratory.

At hatching both species were of similar

size (Table 8).

Growth of 86 turtles was measured

through 10 March 1975, but 47 of these

died in the fall of 1975 due to a virulent

infection of the bacteria Citrobacter

freundii. The 39 that survived after treat-

ment with Chloromycetin were main-

tained through 25 October 1978.

During the first three years males and

females increased in mass and shell prop-

ortions at nearly the same rate (Figs. 4-9).

Male growth began tapering off between

March 1975 and June 1976, at 3-4 years of

age. Females, however, continued grow-

ing up to the present.

Table 9 summarizes the change in the

mean monthly increment of growth for

males and females in 1975 and 1978 and

the effect these differences had on total

mass and shell measurements. Monthly

increase in carapace length of males and
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Table 8. Measurements of hatchling G. ouachitensis and G. pseudogeographica in-

cubated in the laboratory in 1972. (mean above; range below)

Species

# of clutches

# of hatchlings
Ave. wt. (g)

Carapace length (cm)

Carapace width (cm)

Plastron length (cm)

Plastron width (cm)

G. ouachitensis
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Figure 8. Plastron length changes in captive raised

hatchlings.

merous authors {Graptemys pulchra,

Shealy, 1976; Terrapene ornata, Legler,

1960; Pseudemys scripta, Cagle, 1946;

1950; Moll and Legler, 1971; Chrysemys
picta. Sexton, 1959; Gibbons, 1967;

Ernst, 1971; G. ouachitensis, Webb,
1961; Pseudemys rubriventris, Graham,
1971; Gophenis agassizi, Patterson and

Brattstrom, 1972).

Counting of growth rings gives a rough
estimate of the age of the turtle, but can

be used reliably only if the areola (hatch-

ling scute) is present. In the Stoddard

population of Graptemys (all 3 species)
the maximum number of rings observed
is six in males and up to twelve in females

(Table 10). After that time earlier rings
become worn off, and growth is so limited

that new rings are difficult to distinguish.
As the turtles continue to shed epidermal
scutes the rings become less and less visi-

ble, until the shell is relatively smooth.
Thus reliable estimate of the ages of most
males over 6 and females over 12 years

was impossible. A Graptemys pseudoge-

ographica survived 32 years captivity

(Bowler, 1977). Cagle (1950) suggested

that Pseudemys scripta elegans were re-

productively active for 40 to 50 years, and

that natural longevity extended from 50

to 75 years. Moll and Legler (1971), how-

ever, were more conservative, estimating

30 years longevity for tropical Pseudemys

scripta under natural conditions. Gib-

bons (1968) estimated some Michigan

Chrysemys picta to be nearly 40 years old.

Judging from the size and age structure of

the Stoddard population, and the degree

to which shells of some individuals are

worn, 30-50 years seems a reasonable es-

timate for the present age of many indivi-

duals.

Natural Growth

The smallest sexually mature male G.

ouachitensis caught in the wild was 7.48

cm in carapace length. Wild caught G.

geographica, G. ouachitensis and G.

pseudogeographica males were not re-

productively mature in their 3rd year, but

did mature in four to six years.

gov
72
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The youngest mature female G. ou-

achitensis and G. pseudogeographica, as

evidenced by the presence of shelled

eggs, were in their eighth year. Female

G. geographica that were in their tenth

and twelfth years had not yet matured

(based on a lack of enlarged ovarian fol-

licles).

Figures 10 and 11 and Table 10 show

the relationships between the number of

growth rings and the weight and carapace

length respectively for G. ouachitensis fe-

males from the wild. The growth rate pat-

tern of wild females is similar to that

shown for captive raised hatchlings (Figs.

4 and 5). The curve (Fig. 10) shows a

trend in which carapace length levels off

and growth slows. Like the males, fe-

males appear to level off in carapace

growth once reproductive maturity is

reached.

Recapture of nine G. pseudogeo-

graphica and six G. ouachitensis adult fe-

males between one and five years after

first marking showed very little increase

in carapace length, 1.1 mm per year

(Table 11). Two individuals decreased

slightly in length, which could be due to

carapace wear or original measurement
error or shrinkage. Ream (1967) also re-

ported loss in carapace length in Chrys-

emys picta. Although increase of the

carapace length slows after maturity, 13

individuals exhibited an increase in body
weight. The average change in weight for

the 15 females (both species) was +49.2

g/yr. Laboratory raised females gained

nearly twice as much in body weight in

their fifth year of growth, 96.06 g/yr.

Changes in carapace cross section to ac-

commodate more eggs continue after ma-

Table 10. Number of growth rings and size of wild caught G. ouachitensis'^ s.

Age Wt. (g) CL (cm) CW (cm) CH (cm) PL (cm) PW (cm) Maturity
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traditional mark and recapture index

would tend grossly to overestimate the

number of turtles actually present. Even
in the fall when they are at the overwin-

tering site turtles are moving to different

locations (Table 12). This was evidenced

by the capture and release of 131 Grapt-

emys on 13 October 1977 at the "hiber-

naculum" in Crosby Slough. On 11 No-

vember 1977, 113 Graptemys yfjQXQ cdiXighi

at the same site, but only two of these

were turtles that were marked on 13 Oc-

tober.

From 3 June through 13 August 1972,

stationary fyke nets were set, and usually

checked daily, at 15 localities at Stoddard

(Fig. 1). During that period, 326 G. pseu-

dogeographica (299 females and 27

males) and 168 G. ouachitensis (167 fe-

males and one male) were captured.
The highly skewed sex ratio apparent

in these totals was biased by extensive

trapping adjacent to nesting beaches

where females were usually abundant.

Traps adjacent to the beaches caught 257

females and only two males. Traps set

away from beaches and sloughs, in shal-

low weedy areas caught 196 females (156
G. pseudogeographica, 40 G. ouachiten-

sis) and 26 males (25 G. pseudogeograph-
ica, one G. ouachitensis). This was still an

overestimate of females since male G.

ouachitensis were found primarily along
the sloughs in moving water. Female G.

ouachitensis were found primarily in the

backwater areas adjacent to islands and

Table 1 1 . Growth of marked turtles in the wild.

# CL (cm) A CL (cm) A Wt. (g) Time after marking
Female G.
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Figure 12. Weight and carapace length classes of G. pseudogeographica females captured.

sloughs and were less abundant in shal-

lows away from islands or in moving wa-
ter.

Gill nets set by commercial fishermen

adjacent to the nesting beaches of the

main island caught nearly equal numbers
of female G. ouachitensis (44) and G.

pseudogeographica (45), but more fe-

male G. pseudogeographica (142) than

G. ouachitensis (1 15) were caught in fyke

nets adjacent to the nesting beaches. Fe-

male and male Graptemys ouachitensis

outnumbered G. pseudogeographica
when trammel nets were set in the

sloughs near overwintering sites. In the

fall of 1976 and again in 1977, 239 G.

ouachitensis (191 females and 48 males)
and 67 G. pseudogeographica (45 females

and 22 males) were captured. Since males

of both species are found primarily in the

G ouachitensis ?

0-500

i60r
n = 521

1000 1500

WEIGHT (g)

2000 0-15 16 18 20 22 24

CARAPACE LENGTH (cm)

Figure 13. Weight and carapace length classes of G'. ouaclutensis females captured.
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Table 12. Turtles caught at Crosby Wing Dam overwintering site.

Date

Oct. 1. 1976

Oct. 13. 1977

Nov. 11. 1977

G. geographica G. ouachitensis G. psendogeographica

Cf 9 Juv. cf 9 Juv. cf 9 Juv. Total
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release was not recorded since release

was made near the trap site increasing the

probability of it being caught in the same

trap as it attempted to escape.

MOVEMENTS

During 1972 marked turtles moved dis-

tances as far as 4 km. Recapture intervals

for females adjacent to nesting beaches

ranged from three to 11 days. Since all of

these had shelled oviducal eggs upon first

capture I assumed that they stayed near

the beaches in preparation for laying.

Turtles which were caught near the

beaches without shelled eggs were never

recaptured in the same area in 1972.

Twelve were recaptured between 0.4 km
and and 1.6 km north of the island from

three to 41 days later. Once a female had

laid her eggs she vacated the area adja-

cent to the island and moved into a regu-

lar feeding area. Sixteen turtles were re-

captured in the same backwater feeding

areas 4 to 35 days apart suggesting a regu-

lar home range. One female G. pseudo-

geographica first caught after nesting was

recaptured three days later 1.6 km north

of the island.

Three gravid females caught near the

island in 1972 were recaptured near the

same beaches in May, 1977. This suggests
that an individual turtle may return to the

same area to nest year after year. Two
females marked near the nesting beaches
in June, 1972, were found in October of
the same year 4 km north in Crosby
Slough in a communal hibernaculum.
Nine more recaptures from 1972 were
made there in 1976 and 1977. Two turtles

hibernating in Crosby Slough in 1976
were recaptured there in fall 1977.

A female G. pseudogeographica found
on the nesting island 14 June 1976, was
released at the boat landing at Stoddard,
15 June 1976. She was recaptured at the

Crosby Slough hibernaculum 13 October
1977. This is approximately 8 km from

her point of release. Shealy (1976)

showed that female G. pulchra were cap-

able of homing up to 15 km both up and

downstream from points of release to

points of original capture, but displaced

males tended to be recaptured near the

release point. He suggested that this

could be because only males have a de-

fined home range. A male G. pseudoge-

ographica caught at Crosby Slough wing
dam 14 October 1972, was recaptured at

the same place 13 October 1977. It had

been released at the Stoddard landing in

May, 1973, so, like females, males pos-

sess homing ability; however, if males

regularly travel long distances is not

known. The long distances regularly

moved by the females from overwinter-

ing areas, to nesting grounds, to feeding

areas and back to overwintering areas

suggests that females have a large irregu-

lar activity area defined by the pool itself.

FOOD AND FEEDING

Detailed analysis of food partitioning

and feeding behavior is reported in Vogt

(1978). The stomach contents taken dur-

ing June, July, and August from 21 fe-

male G. geographica, 54 female G. ou-

dchitensis and 35 female G. pseudogeo-

graphica were quantitatively analyzed by

volume. Female Graptemys geographica

were shown to be mollusk specialists,

mollusks made up 66% by volume of all

their food. Insect larvae and fish carrion

comprised most of the remainder. Mol-

lusks were also important in the diet of

female G. pseudogeographica (19% by

volume). In G. ouachitensis
, however,

mollusks made up only 2.8% of the vol-

ume.

Vegetation comprised only 3.9% of the

volume of material consumed by G. geo-

graphica, whereas G. ouachitensis and G.

pseudogeographica consumed 31.5% and

42.4% respectively. Algae, Potamoge-

ton, Lemna and Vallisneria were the
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plants most frequently eaten.

Insects (caddisfly cases, mayfly larvae,

damselfly larvae) comprised 519^ by vol-

ume of foods eaten by G. oiiachitensis

females; while only 21.9*"^ and 15.3'^f in

C pseiulogeographica and G. geograph-

ica respectively.

No differences in food habits among
the males of the three species could be

determined. Mayfly larvae, damselfly

larvae, caddisfly cases, beetles, flies,

other insect larvae, moUusks and fish car-

rion were eaten by males of all three spe-

cies but only trace amounts of vegetation

were found to have been eaten.

ACTIVITY

Seasonal

Map turtles become active in western

Wisconsin in April when they begin dis-

persing from their overwintering sites

while the water temperature is still A-l^C

(Fig. 16). Mating presumably takes place

while the turtles are still concentrated

around the hibernaculum. but due to wa-

ter opacity, courtship has never been ob-

served in the wild. I have observed spe-

cies such as Emydoidea hlandingi, Chrys-

Seosonal Activity Patterns

Fiiiurc 16. Generalized seasonal activity patterns i)t'

Ci. Oiiachitensis and C pseitdogeograpfiica. 1.

Emergence from overwintering sites. 2. Disper-

sal from o\ervvintering sites and basking. 3. Egg

laying. 4. Feeding. 5. Hatchling emergence. 6.

Backing and movements to overwintering sites.

7. Agereeatine at overwintering sites.

emvs picta and Chelydra serpentina mat-

ing and courting at this time both north

and south of this site in Wisconsin, thus

water temperatures are not too cold to

allow turtles to breed at this time.

During May females move out of the

channels and toward the nesting islands.

They concentrate to bask by the dozens

on the few available emergent logs near

the nesting beaches. Male G. ouachiten-

sis remain along the channels and

sloughs, but during the summer many
male G. geographica and most male G.

pseiidogeographica move into the quiet

backwaters to forage. This is evidenced

by the summer fyke net catches in 1972,

in which 27 male G. pseiidogeographica

and two male G. oiiachitensis were cap-

tured in the shallow, weedy area, 0.4 - 2.4

km north of the island. Many male G.

geographica were also caught in this area,

but were not marked.

Earliest documented feeding by fe-

males occurred on 26 May. There are

several possibilities why feeding does not

commence until this time: (1) there is not

enough room in the body cavity for the

stomach or the intestine to expand with

food until the first clutch of eggs is laid;

(2) the aquatic vegetation and insect lar-

vae on which they feed have not grown to

harvestable quantities; or (3) tempera-

tures are not high enough to allow effl-

cient digestion.

All of these ideas are plausible for fe-

males of both G. oiiachitensis and G.

pseiidogeographica, but females of G.

geographica feed nearly exclusively on

mollusks which are abundant throughout

the year. They do not consume as large a

volume of food as do the other two spe-

cies, so do not have as great a problem

with limited gut space. The earliest G.

geographica with food in its stomach was

located 26 May, only 4 days before the

first G. pseiidogeographica and G. oiia-

chitensis. Why feeding is postponed until



42 Tulane Studies in Zoology and Botany Vol. 22

such a late date is unclear.

In late May or early June (23 May-10
June) the turtles lay their first clutch of

eggs and then move away from the nest-

ing islands to feed for two to three weeks

while shell is being deposited around the

second clutch of enlarged ovarian folli-

cles. Graptemys geographica and G. pseu-

clogeographica move far into the back-

waters where there are patches of Pota-

mogeton and Vallisneria and many
stumps available for basking. Though
some females of G. oiiachitensis also

move into the backwater areas, many
stay near the nesting islands to feed and

bask or move to the vegetation patches

immediately adjacent to the river chan-

nel.

After laying their second clutch of eggs

the females return to the feeding

grounds. Most female G. oiiachitensis

then move away from the nesting islands

to the vegetation patches adjacent to the

sloughs or channels.

Feeding continues until the first week

of September. The turtles then spend the

next two months basking, during which

time their guts are evacuated presumably
so that they can enter hibernation with an

empty gut cavity. Turtles which were not

allowed to clear the gut cavity before they

were artificially hibernated in the labor-

atory died in 1-2 months, whereas those

that were allowed to, lived until Spring.

By October map turtles begin moving
to the wing dams along the sloughs and

channels. Here they are able to lodge

themselves within the rock piles, so not to

be carried away by the current and are

supplied with a constant flow of well-ox-

ygenated water. They are not totally dor-

mant throughout the winter as commer-

cial fishermen occasionally catch them in

their nets while gill netting under the ice.

The seasonal activity patterns of G. ou-

achitensis and G. pseudogeographica are

generalized graphically in Figure 16.

Basking activity

The functions of basking behavior in

turtles have been discussed at length by
other investigators (Cagle, 1950; Boyer,

1965; Moll and Legler, 1971 ; Auth, 1975;

Shealy, 1976). The primary function of

basking is thermoregulatory in nature.

On 14 June 1977, between 1545 and

1550 hours, six female G. oiiachitensis

and one male G. oiiachitensis were

chased from a basking log into a trammel

net. The air temperature (sky partially

overcast) was 21.5^C and the water,

22.5°C. Cloacal temperatures of the six

females ranged from 23.8°C to 27°C

(mean 25.8°C); the male was the same

temperature as the water - 22.5°C. No
other data were obtained on internal

temperatures of basking turtles. Since

they bask for hours even at ambient tem-

peratures above 350C, on sunny days

their body temperatures must reach con-

siderably higher. Moll and Legler (1971)

reported voluntary core temperatures in

basking Pseiidemys scripta as high as

35.7°C. As temperatures approach the

critical thermal maximum, basking tur-

tles begin gaping (Moll and Legler,

1971). Male Graptemys were observed

gaping more frequently than females.

Basking activity was observed between

0900 and 1800. Throughout the day a tur-

tle would alternate between basking,

feeding or other activity in the water.

Basking sites were at a premium in the

study area. Turtles used partially

emerged logs, stumps, rock piles, musk-

rat houses, and sand bars as basking sites.

Logs or stumps that were not adjacent to

a shoreline were used more frequently

than any other type of basking site.

Many, particularly males, would often

climb onto the highest limbs of a basking

log, often 2 m above the water. As turtles

climbed onto basking logs they would

usually become oriented in an anterior to

posterior or posterior to posterior direc-
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tion with respect to nearest neighbor. Not

only would this reduce the possibility of

aggressive interactions by avoiding head
to head contact, but also allowed for clos-

er packing on the log by allowing a turtle

to crawl partially upon the carapace of

another turtle. I did not observe any tur-

tles basking with the plastrons resting
over the anterior end of the carapace of

another turtle. Up to 47 adult Graptemys
were observed basking simultaneously on
a 6 m log with no aggressive interactions.

Chrysemys picta belli, Trionyx muticus

and T. spiniferus were also observed us-

ing the same basking logs as the Grap-

temys. Male T. spiniferus were observed

biting male Graptemys that moved into

the proximity of the head region on two
occasions.

Basking turtles were more prone to dis-

turbance by passing boats within the first

5 min of emergence. The diving of one

turtle into the water often triggered the

entire log of turtles to slip in. After look-

ing in several directions the turtles would
all resume basking within 5 to 10 min.

Individuals were noted to remain on a

basking log for over 100 min before being
disturbed. They occasionally lost their

balance and fell into the water, precipi-

tating sudden evacuation of the entire

log.

Throughout the time Graptemys are

basking they are extremely alert to and

wary of the slightest disturbance. Ap-
proach within 30 meters without disturb-

ing them is difficult unless the observer is

snorkeling in the water. Communal bask-

ing may be advantageous for the sighting
of potential predators and also attracting

grackles.

Once a turtle became stationary on a

basking log it would stretch out the hind-

legs to their fullest extent and spread the

webbing between the toes. The neck and

forelimbs would also be extended. Pre-

sumably this position functions to dry out

the skin and increase the surface area

exposed to solar radiation. But it also has

another purpose; to expose the areas un-

der the limbs where leeches attach. Com-
mon grackles (Quiscalus quiscula) were

observed on 10 June and 14 June remov-

ing leeches (Placobdella parasitica) from

the leg and neck cavities of basking Grapt-

emys (Vogt, 1979). The grackles moved

along the basking log inspecting each tur-

tle, often walking around inspecting all

leg cavities of an individual turtle. The
turtles seemed to be oblivious of the

grackle, even when the turtle was rocked

back and forth on the log by the bird

pulling at a particularly tenacious leech.

Both male and female turtles allowed

grackles to hunt for leeches on their bod-

ies. The only two instances of grackle

grooming were on basking logs contain-

ing over 20 adult turtles. At what size

turtles no longer view the grackle as a

potential predator and allow cleaning
would be interesting to learn.

Predation

No predation upon basking turtles was

noted. Nests and eggs were destroyed by
red fox (Vulpes fulva), raccoon (Procyon

lotor), and otter {Liitra canadensis).

Most {90^c ) of the nests on beaches 2 and

3 were destroyed within 24 hours after

laying. If the nest was not raided within

48 hours it was usually not bothered.

During 1977 raccoon predation was

responsible for the destruction of over

90% of the nests on both ends of Browns-

ville Island. No nest predation was ob-

served on the main nesting island in 1976

or 1977. Otters excavated nests and con-

sumed eggs during June, July, and Au-

gust. Adult map turtles appear to have

few potential predators in the study area.

In August, when the hatchlings move
to the water, flocks of ring-billed gulls

(Larus delawarensis), crows {Corvus

brachyrhynchos), grackles, and red-

winged blackbirds (Agelaius phoenice-
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us), have been observed covering the

beaches. On one occasion crows were

found excavating a nest where hatchlings

were emerging. Redwinged blackbirds

and grackles were observed eviscerating

hatchlings, leaving only the shells on the

beach. Great blue herons {Ardea herodi-

as) were also seen walking on the nesting

beaches from 0600-0700, when hatchlings

were leaving the nest, but no predation

was observed. Many turtles are found

with the carapace gashed, presumably by

outboard motors. Individuals missing

one forelimb, two forelimbs, or one hind-

limb seemed to be able to function ade-

quately, and were found laying eggs. An
adult female G. ouachitensis collected in

1972 had recently suffered severe injury

to the anterior part of the carapace and

had lost half of the mandible. She was

recaptured in 1976 still able to function

with only half the mandible, and her shell

was not completely healed after four

years.

SUMMARY
Detailed analysis of the systematics of

the false map turtle complex indicates

that Graptemys ouachitensis and Grapt-

em\s pseudogeographica are separate

species (Vogt, 1978). Natural history

data were gathered from populations on

the Mississippi River, Vernon County,
Wisconsin from 1972 through 1978. Tur-

tles were collected in a 230 hectare area

by using fyke nets with leads, gill nets,

trammel nets and hand captures. Clutch-

es of eggs were collected from females

and incubated in the laboratory under

various temperature regimes. Hatchlings

were maintained in the laboratory for six

years to study differential growth rates of

males and females, and to determine the

time at reproductive maturity and the sex

ratios at hatching.

Examination of reproductive tracts of

50 females suggests that they annually lay

two clutches of eggs. Eight females per-

haps laid three clutches. The average

clutch size of 40 G. pseudogeographica

was 14.1 and for 65 G. ouachitensis was

10.2. There is a direct correlation be-

tween clutch size and female carapace

length. The mean clutch weight and mean

egg length increase with an increase in

female carapace length and also the

clutch size.

Females begin developing enlarged

ovarian follicles in mid-July and enter hi-

bernation with the body cavity packed
with enlarged follicles in October (Fig. 16

shows the occurrence of major seasonal

activity patterns). Mating probably oc-

curs either in October or April while the

turtles are congregated around hibernac-

ula.

The courtship displays of male G. ou-

achitensis and G. pseudogeographica in-

volve drumming of the foreclaws against

the ocular region of the female. There

was a mean of 10.3 (n
= 26) contacts per

"titillation" bout for G. pseudogeograph-

ica and only 5.2 (n = 24) for G. ouachi-

tensis. Graptemys pseudogeographica al-

so differs by bobbing its head in a vertical

plane while G. ouachitensis holds its head

stationary while vibrating the foreclaws.

Fresh nests were found from 18 May to

1 1 July, but females with shelled oviducal

eggs were found as late as 26 July. How-

ever, 95% of females captured after 10

July lacked oviducal eggs.

Nest temperatures, monitored contin-

uouslv from 16 July to 17 August 1972,

fluctuated from 2.20C to 12.20C daily.

The mean daily fluctuation for two nests

for 28 days was 6.70C. Natural incuba-

tion periods ranged from 60-75 days.

Hatching success is approximately 95%
in both laboratory and nature.

Incubation temperature in the labora-

tory was shown to affect hatching success,

number of scute anomalies, size of yellow

blotches on the head, and sex determina-
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tion in both G. ouachitensis and G. pseu-

dogeographica. More scute anomalies oc-

curred at 350c than 250C. The yellow
blotches on the head were larger on sibl-

ings incubated at 25^0 than on those at

350c. All eggs that hatched at 25^0 (54
of 66) were male. All eggs that hatched at

35^C (n = 17) were female. These results

strongly suggest that, at least in the lab-

oratory, sex can be determined by early

developmental temperatures. A sex ratio

of 5 females per male was calculated from

trapping results. Sex determination by

developmental temperature may help to

explain the skewed sex ratio in both G.

ouachitensis and G. pseudogeographica.

Sixty-five G. ouachitensis and 132 G.

pseudogeographica hatchlings from 1972

were raised in the laboratory. During the

first three years male and females (n =

86) increased at nearly the same rate in

mass and shell proportions. Male growth
slowed between March 1975 and June
1976 while females continued to grow at

the initial rate. Males attained sexual ma-

turity in their fourth year, as evidenced

by secondary sexual characteristics, and
the slowing of their growth rate is appa-

rently correlated with this. Wild male

Graptemys of all three species were ma-
ture when four to six years old.

No females had matured sexually by

April 1978. The youngest wild-caught
mature female G. ouachitensis and G.

pseudogeographica were in their eighth

year. Growth rings were used reliably to

estimate age only during the first six years
in males and up to 12 years in females.

Mature male and female G. pseudogeo-

graphica and G. ouachitensis recaptured
after one to five years showed little in-

crease in carapace length (less than 1.1

mm per year).

In 1972 a total of 802 G. ouachitensis

and G. pseudogeographica were cap-
tured. Both male and female G. pseudo-

geographica are able to return to their site

of original capture after being displaced
downstream as far as 8 km. The long dis-

tances regularly moved by females from

hibernating sites to nesting grounds, to

feeding areas and back to hibernating
sites precludes the use of the term home
range.

Stomach contents of 21 G. geograph-
ica, 54 G. ouachitensis and 35 G. pseudo-

geographica females were quantitatively

analyzed by both volume and frequency
of occurrence. Graptemys geographica is

a mollusk specialist, mollusks composed
66% of the volume of food consumed.
Mollusks are also important in the diet of

G. pseudogeographica females (19% by
volume), but they make up only 2.8% of

the diet of G. ouachitensis. Vegetation
makes up a large proportion of the diet of

G. ouachitensis (31.5%) and G. pseudo-

geographica (42.4%). Insects composed
51% of the volume of food eaten by G.

ouachitensis while only 21.9% and 15.3%
in G. pseudogeographica and G. geo-

graphica respectively.

No differences in food habits were

noted among the males of the three spe-
cies. All consumed insect larvae, mol-

lusks and fish carrion. Female G. ouachi-

tensis were observed to be primarily sur-

face feeders. Graptemys geographica and
G. pseudogeographica feed mostly un-

derwater. Map turtles become active in

April and begin dispersing from the hi-

bernacula while water temperatures are

4*^-7^C. During May females move out of

the channels toward nesting beaches

where they congregate to bask, but have

not been observed feeding until 26 May;
presumably they do not feed until after

laying their first clutch of the year.

In late May or early June map turtles

lay their first clutch of eggs and then

move away from the nesting islands to

feed for two or three weeks while shells

are being deposited around their second

clutch of eggs. Feeding continues until
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the first week of September. By October

all three species are moving toward com-

munal overwintering sites. Up to 131

Graptemys have been caught in 30 mi-

nutes behind a wing dam in October.

Basking activity was observed primar-

ily between 0900 and 1800 hrs. Through-

out the day turtles alternate between

basking, feeding or other activity in the

water. Basking sites are used commun-

ally. Up to 47 adult Graptemys were ob-

served basking simultaneously on a 6 m
log. No aggressive interactions were ob-

served between basking Graptemys. On
two different occasions a common

grackle Quiscalus quiscula removed

leeches {Placobdella parasitica) from

basking Graptemys.
Nest predation by red fox, raccoon and

otter was observed. Hatchlings were con-

sumed as they emerged from the nest by

ring-billed gulls, crows, grackles and red-

winged blackbirds. Outside of man, aduU

map turtles have few potential predators

in the study area.
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