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Abstract—1. Survey of androgens and estrogens in serum, liver and testes of male yellow-bellied slider
turtles, Trachemys (= Pseudemys) scripta, a species exhibiting dissociated gametogenesis age-dependent
melanism, revealed the presence of numerous androgen precursors, androgens, androgen metabolites, and
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estrogens in quantities varying with season, tissue, and male coloration.
2. The most commonly found and abundant androgens in all males were dehydroepiandrosterone
(DHEA) and androstenedione, which were present at significantly higher levels in testes than in serum

or liver.

3. Epitestosterone was found in the serum and liver of only melanistic males; testosterone was only

rarely recovered.

4. Behavioral testing of castrated male turtles implanted with various androgens, as well as intact and
sham-operated controls, revealed that melanistic males courted more frequently than nonmelanistic males,
and that exogenous testosterone was most effective in inducing courtship behavior in castrated males.

INTRODUCTION

Older male Trachemys scripta are distinctive, so
much so that they were originally considered to be
a separate species. While male 7. scripta undergo
spermatogenesis and exhibit androgen-dependent
secondary sexual characters earlier and at a smaller
body size than that at which females mature (Cagle,
1948a,b, 1950; Evans 1946, 1952; Gross, 1986), they
become melanistic at a body size equivalent to the
minimum size at sexual maturity for females (Lovich
et al., 1990). In the course of studies attempting to
determine the reproductive significance of melanism
we discovered a number of biochemical differences
between nonmelanistic (younger) and melanistic
(older) males (Lovich et al., 1990), including that
serum cholesterol was nearly three times higher in
nonmelanistic than melanistic males during the April
breeding period while April testicular cholesterol was
nearly 10 times higher than in melanistic males
(Lovich et al., 1990). Because cholesterol is a precur-
sor of the sex steroid hormones, this suggested to us
that the pattern of steroid biosynthesis might differ
between nonmelanistic and melanistic males and that
steroids might be elevated (at least in melanistic
males) during the breeding season.

If courtship behavior by melanistic or nonmelanis-
tic male 7. scripta was found to be stimulated by
steroids present at elevated concentrations during the
breeding season, this would present a different situ-
ation than is seen in garter snakes, the most studied
species with dissociated gametogenesis, where neither
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the testes nor testosterone are seen to affect sexual
behavior and where measured androgens are not
elevated during the breeding period (Crews, 1984;
Crews et al., 1984; Garstka and Crews, 1982).

Recent studies with reptiles (Bourne, 1981, 1984;
Bourne and Licht, 1985; Bourne et al., 1985)
have shown that the proportional concentrations
of various steroids may differ markedly between
reptilian and mammalian species, among reptiles, and
seasonally (Bourne and Seamark, 1978; Courty and
DuFaure, 1980). However, in many previous studies
of vertebrates having a dissociation of breeding and
gametogenesis, especially the critical studies with
garter snakes (Camazine et al., 1980; Crews et al.,
1984; Garstka et al., 1982), generalized conclusions
regarding androgens and their effect have been based
on radioimmunoassays sensitive primarily to testos-
terone and dihydrotestosterone. This raises the possi-
bility that the dissociated breeding pattern seen
in numerous species (Crews, 1984) and attendant
general conclusion that steroids are ineffective in
stimulating courtship in these species (Crews, 1984;
Crews et al., 1984; Crews and Moore, 1986; Garstka
et al., 1982) may be an artifact of failure to examine
the effective steroids.

Our goals in this present study were (1) to identify
the steroids present in serum, liver, and testis of male
yellow-bellied slider turtles, (2) to quantify any sea-
sonal variation by examining tissues sampled at times
of emergence from hibernation, breeding, and testic-
ular recrudescence, and (3) to test the ability of the
important steroids detected to stimulate courtship
behavior in castrated males. These data allowed
characterization of seasonal changes in steroids and
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examination of the hypotheses that (1) steroids other
than testosterone might regulate courtship behavior
in male 7. scripta and (2) that the steroid cycles,
courtship intensity, and steroidal stimulation of
courtship might differ between age classes of males as
evidenced by melanism.

MATERIALS AND METHODS

Animals, housing and maintenance

For steroid determinations, male turtles were collected
monthly, except December, from the White Springs Unit
of Wheeler National Wildlife Refuge, Limestone County,
Alabama. Turtles were collected with drag seines or trammel
nets, were killed rapidly by decapitation upon collection,
and were exsanguinated. Blood was reserved on ice and
allowed to clot at 5°C overnight before the serum was
separated. Tissues (liver and gonad) were dissected and
reserved on ice until 1:5 homogenates in phosphate-buffered
0.9% saline with 0.01% sodium azide could be prepared.
Blood serum and low-speed supernatants of homogenates
were stored at —20°C until the assays could be performed.

Turtles for the behavioral experiment were collected
from McElmurray’s Pond, Aiken County, South Carolina
with baited hoop traps. All males were sexually mature
(Gibbons er al., 1981), and ranged in size from 136 to
202mm plastron length (X =162 mm). Melanistic males
were significantly larger (X = 165 mm) than nonmelanistic
males (X =157 mm: 1 = 2.23,df=54, P < 0.025). Females
ranged from 175 to 252 mm plastron length, with a mean of
206 mm. These turtles were initially housed in a 15 x 22 m
artificial pond at the Savannah River Ecology Laboratory,
Savannah River Plant, South Carolina. This pond, and the
stock tanks for behavioral assay, were supplied with flow-
through water directly from a well, which maintained the
waler temperature at 18-21°C. Turtles were marked for
individual identification by either drilling coded holes in the
shell margin or by attachment of a numbered plastic tag
(Ferner, 1979). Once per week, turtles were fed a modified
Purina Turtle Breeder Chow # 35 containing 2% dry-
weight stable calcium. Basking sites were provided (Lovich,
1988). Following random assignment to treatment group
and any necessary surgical procedures (see below), male and
female turtles were housed separately in 2 m diameter stock
tanks. Each tank had a sand bottom and 25 cm of water,

Hormone assay

Samples had to be pooled to obtain sufficient volume to
complete the extraction and assay. Each pooled sample
consisted of 3ml each of serum, testis homogenate super-
natant, or liver homogenate supernatant of the same three
males; each pool was thus 9.0 ml. Four pooled samples for
nonmelanistic males were made for the emergence-from-
hibernation period (January and February), two for the
breeding period (April), and five during testicular re-
crudescence (August-November). For melanistic males one
pooled sample was made for the emergence period, two for
breeding, and five for recrudescence.

Solvent extractions of the steroids were made using a
variation of the method of Chattoraj (1982). Briefly, each
9-ml sample with Sx-cholestane (a non-biological steroid)
added as an internal standard was extracted twice with
25-ml volumes of diethyl ether and the ether volumes
pooled. The ether extracts were partitioned into acidic and
neutral/basic fractions. I N NaOH was used to recover a
phenolic (acidic) fraction. The phenolic extract was then
made acidic with 1 N HCI and extracted with ether. Both the
phenolic ether fraction (containing estrogens) and the non-
phenolic ether fraction (containing androgens) were washed
several times with dH,O until the pH of the water wash was
neutral. The ether extracts were dried with anhydrous
Na, S0, and filtered into tubes with teflon-lined screw caps.

Next, Se-cholestane was quantitatively added to the estro-
gen extract. The solvent was evaporated under N,.

Each of the extracts (an estrogen and an androgen extract
for each pooled sample) was treated with trimethylchloro-
silane and hexamethyldisilazane in chloroform at 60°C for
60 min to produce volatile trimethylsilylether derivatives of
the relatively non-volatile steroids (Chattoraj, 1982). Sol-
vent and excess reactants were evaporated under N,. Only
those samples to be assayed on a day were silane treated that
day.

To the dried sily! residue, 50 ul of tetrahydrofuran was
added and 2ul were injected onto a 30-m fused silica
capillary column (1 gm ID) in a Hewlett-Packard 5890 Gas
Chromatograph. A temperature program of 225°C for
1 min, then 5°C/min to 280°C for 15 min was used to elute
the steroid derivatives. An analog strip as well as digitized
column retention times and peak areas were recorded.
Identification of steroids was made by comparison of rela-
tive retention times to the Sa-cholestane internal standard.
A mixed extracted androgen or estrogen standard was run
with each daily batch to assure uniformity of relative
retention times for identification and to provide relative
peak areas for each lot of extracted samples for quantifi-
cation of the steroids.

Steroid standards for comparison included: (1) androgen
precursors: pregnenolone (5-pregnen—3/3-01-20—one), proges-
terone (4-pregnen-3,20-dione), 17a-hydroxypregnenolone
(5-pregnen-34,17a-diol-20-0ne), 17a-hydroxyprogesterone
(4-pregnen-17o¢~ol-3,20-dione), as well as 20x-dihydroxy-
progesterone (=20-hydroxyprogesterone; 4-pregnen-20a-
ol-3-one; see Bourne, 1984), (2) androgens: dehydro-
epiandrosterone  (=DHEA; S-androsten-38-ol-17-one),
androstenedione (4-androsten-3,17-dione), testosterone (4-
androsten-178-o0l-3-one), epitestosterone (=cistestosterone;
4-androsten-17x-o0l-3-one; see Bourne et al., 1985), and
dihydrotestosterone (=DHT:; Sa-androstan-17B-ol-3-one),
(3) androgen metabolites: etiocholanolone (5f-androstan-
3x-0l-17-one), androsterone (Sa-androstan—3fx~ol—l7~one),
and epiandrosterone (5«-androstan-3f-ol-17-one), and
(4) estrogens: 17B-estradiol (1,3,5(10)-estratrien-3,17ﬂ-diol),
estriol (1,3,5(10)-estratrien-3,I6oc,17/3-triol), estrone (1,3,5-
(10)-estratrien-3-ol-17-one, epiestradiol (1,3,5(10)-estratrien-
3,17a-diol), 16a-hydroxyestrone (1,3,5(10)-estratrien-3,16a-
diol-17-one), 2-hydroxyestrone (1,3,5(10)-estratrien-2,3-
diol-17-one), 16-epiestriol (l,3,5(10)—estratrien—3,16/3,17,3-
triol), and 17-epiestriol (1,3,5(10)—estratrien-3,16a,l7a-
triol). Terminology used here is that of the source of our
hormone standards, Steraloids Inc.

The assay conditions used were able to separate
these androgens and estrogens. While the list of tested
steroids is not exhaustive it does sample the major pathways
of androgen and estrogen biosynthetic activity (see
Fig. 1).

Surgery and hormone treatment

Groups of male turtles were castrated or sham-operated
under Brevital anaesthesia (Wang et al., 1977; Camazine
et al., 1981; Lawson and Garstka, 1985). An area of about
1.5 x 1.5 cm was opened on each side of the carapace lateral
to the dorsal attachment site of the peritoneal musculature
using a small circular saw. The muscle layer of the peritoneal
wall was teased apart and the testes either removed or
tugged. The muscle was sutured and the shell replaced and
covered with epoxy sealant.

Silastic capsules for hormone treatment were made of
2.0-cm lengths of silastic tubing (2.3 mm OD 1.0 mm ID)
with 1.5cm of packed hormone filling (Dziuk and Cook,
1965). Capsules were implanted intraperitoneally during
surgery. Several males treated with epitestosterone received
additional implants anterior and lateral to the hind limb
beneath skin and connective tissue and alongside peritoneal
muscle and lymphatics.
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Fig. 1. Steroid hormone metabolic pathway—synthesis and breakdown of androgens. Trivial names are
used; see text (Materials and Methods—Hormone assay) for alternative trivial names and chemical names
of the steroids. Pathways are after Eik-Nes (1969), Feder (1981), and Freedman and Freedman (1970).
Each steroid analysed is indicated with an asterisk. Conversion of androgens to estrogens is not shown.
However, testosterone is aromatized to 17f-estradiol, androstenedione to estrone, and dehydroepiandro-
sterone to estriol (Callard et al., 1977, 1978; Feder, 1981; Grodin et al., 1973; Hemsell et al., 1974).

Behavioral testing regimen and design

Eight treatment groups of male 7. scripta were used:
(1) sham-operated controls, n =5; (2) castrated controls,
n =5; (3) intact controls, n = 5; (4) castrated and choles-
terol-treated controls, n = 5; (5) castrated and testosterone-
treated, n = 10; (6) castrated and epitestosterone-treated,
n = 10; (7) castrated and androstenedione-treated, n = 5;
(8) castrated and dehydroepiandrosterone-treated, n = 10.
During the 1-month period after surgery and before behav-
ioral testing, two epitestosterone-treated males died as did
two testosterone-treated, one androstenedione-treated, one
intact, and two cholesterol-treated males.

Courtship tests were conducted between 22 September
and 6 October 1987. While no fall matings have been
observed in the Alabama population sampled (no evidence
of cloacal sperm in 36 females sampled September and
October 1986; Garstka, pers. observ.), they have been
occasionally observed in other populations under natural
and laboratory conditions, including in the South Carolina
population (Cagle, 1950; Jackson and Davis, 1972; Lovich
et al., 1990; Moll and Legler, 1971).

Courtship tests were independent: each male was tested
once with one female and no female was used as a stimulus
more than once. All stimulus females used were reproduc-
tively mature (greater than 160 mm plastron length; Cagle,
1948a,b, 1950; Gibbons er al., 1981; Gross, 1986). For each
test, the test male and stimulus female were placed into a
2.1-m diameter stock tank at approximately 0830 hr. They
were observed from an elevated blind from 0900-1000 hr
and from 1600-1700 hr; preliminary observations revealed
little social activity at mid-day. After the test both were
removed and the test tank was allowed to flush overnight
with the flow-through water supply.

Courtship was scored in the following manner, based on
both literature (Cagle, 1950) and personal observations:
0 =no courtship, | = trailing—the male swims after the
female, 2 = orientation—the male swims in front of the
female and faces her, swimming backwards, 3 = titillation
the male rapidly waves his foreclaws in front of the female’s
head, 4 = positioning—the male moves behind and dorsal to
the female, 5 = mounting or attempting to mount—the male
attempts to swing his tail under that of the female, and
6 = intromission. Morning and afternoon tests were given
separate scores, the higher of which was used in the
statistical analyses.

Statistical analyses

Statistical tests for steroid assays were non-parametric
due to wide departure from normality produced by a high
frequency of nondetectable steroid levels. Frequency differ-
ences were examined using Fisher’s Exact Test. Ordinal data
were tested using the Mann-Whitney U for independent
groups and Friedman Two-Way ANOVA for repeated
measures which included multiple comparisons of pooled
samples across tissues (Hollander and Wolfe, 1973).

Fisher’s Exact Test was used to calculate probabilities
associated with results of courtship trials (Siegel, 1956). All
tests were l-tailed because androgens were predicted to
increase the intensity of courtship. A Mann—Whitney U Test
on courtship intensity was conducted using rank courtship
scores for the combined DHEA and androstenedione-
treated groups versus combined intact and sham-operated
groups. No other such tests were done because only in this
case were results likely to differ from those of Fisher’s Exact
Tests.

RESULTS
1. Steroid analyses

Numerous androgen precursors, androgens, an-
drogen metabolites, and estrogens were detected in
quantities varying with season, tissue, and male
coloration (Tables 1-4). Among androgen pre-
cursors, pregnenolone was detected in only two of the
nine pooled samples from the emergence and breed-
ing periods (one each) and only in serum, but in seven
of the 10 pooled samples from recrudescence, dis-
tributed among serum, testis, and liver (Table 1).
Thus, pregnenolone was present more frequently
during recrudescence (P = 0.05). No other differences
in pregnenolone among groups, times, or tissues
approached significance. Progesterone was detected
in all tissues in most pools in all seasons. Its concen-
tration differed among tissues (x?=7.45, df=2,
P <0.05, 2-tailed), the only significant difference
being a higher level in the testes than in serum
(P < 0.05). The only significant seasonal difference in
progesterone concentrations was that it was lower in
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Table 1. Androgen precursors recovered from the tissues of male yellow-bellied slider turtles, Trachemys scripta

170 -hydroxy 17x-hydroxy 20x-dihydroxy
Pregnenolone Progesterone pregnenolone progesterone progesterone
Serum (ng/ml):
Emergence:
nonmelanistic 6 112 ND 66 ND
melanistic ND 12 ND ND ND
Breeding:
nonmelanistic 39 213 ND ND ND
melanistic ND 24 26 ND ND
Recrudescence:
nonmelanistic 42 142 ND S11 ND
melanistic 7 47 ND 23 ND
Testes (ng/g):
Emergence:
nonmelanistic ND 682 ND 7730 ND
melanistic ND 408 ND 12,960 ND
Breeding:
nonmelanistic ND 2454 ND 48,100 ND
melanistic ND 298 ND 2360 2
Recrudescence:
nonmelanistic 534 842 ND 7800 ND
melanistic 95 444 294 470 ND
Liver (ng/g):
Emergence:
nonmelanistic ND 170 ND 330 ND
melanistic ND 170 ND ND ND
Breeding:
nonmelanistic ND 39 ND ND ND
melanistic ND 475 ND 2155 ND
Recrudescence:
nonmelanistic ND 118 ND ND ND
melanistic ND 178 ND ND ND

Steroids were extracted from blood serum or tissue homogenates pooled from three males. Volatile trimethylsilyl ether derivatives
were prepared and analysed by gas chromatography. Steroids were identified by relative retention time by comparison with
Sa-cholestane, the internal standard. Quantification was by digitzed peak areas relative to a known amount of Sa-cholestane.
Results are expressed as ng/ml serum and ng/g wet wt tissue. Values shown are mean values of the pooled samples run. ND
indicates none detected.

Table 2. Androgens detected in blood serum, testis, and liver of male yellow-bellied slider turtles, Trachemys scripta

Dehydroepi- Dihydrotes-
androsterone Androstenedione Testosterone Epitestosterone tosterone
Serum (ng/ml):
Emergence:
nonmelanistic 205 40 12 ND ND
melanistic 100 ND ND 88 ND
Breeding:
nonmelanistic 1830 84 ND ND ND
melanistic 1216 6 ND 370 ND
Recrudescence:
nonmelanistic 1529 62 ND ND ND
melanistic 105 ND ND ND ND
Testes (ng/g):
Emergence:
nonmelanistic 41,280 1024 372 ND 682
melanistic 59.180 1189 ND ND ND
Breeding:
nonmelanistic 245,900 17,590 ND ND 818
melanistic 27,740 28 ND ND ND
Recrudescence:
nonmelanistic 23,920 1404 394 ND ND
melanistic 2519 51 ND ND ND
Liver (ng/g):
Emergence:
nonmelanistic 3983 679 ND 104 ND
melanistic 1719 ND ND ND ND
Breeding:
nonmelanistic 4180 113 ND ND ND
melanistic 4096 545 ND 2155 ND
Recrudescence:
nonmelanistic 885 14 ND ND 115
melanistic 328 2 ND 20 46

Steroids were extracted, analysed, identified, and quantified as in Table 1. The same pooled samples were used to identify androgens.
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scripta
Etiocholanolone Androsterone Epiandrosterone Dihydrotestosterone
Serum (ng/ml):
Emergence:
nonmelanistic 34 191 ND ND
melanistic ND ND ND ND
Breeding:
nonmelanistic 335 1056 ND ND
melanistic 14 10 3 ND
Recrudescence:
nonmelanistic 307 69 ND ND
melanistic 11 ND ND ND
Testes (ng/g):
Emergence:
nonmelanistic 8938 11,040 ND 682
melanistic 2411 ND ND ND
Breeding:
nonmelanistic 11,618 16,690 ND 818
melanistic 229 ND ND ND
Recrudescence:
nonmelanistic 3069 10,994 506 ND
melanistic 55 ND ND ND
Liver (ng/g):
Emergence:
nonmelanistic 984 1087 28 ND
melanistic 160 ND ND ND
Breeding:
nonmelanistic 39 2021 ND ND
melanistic 1595 ND ND ND
Recrudescence:
nonmelanistic 331 1456 20 115
melanistic 47 ND ND 46
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Androgen metabolites were extracted, analysed, identified, and quantified as in Table 1. The same pooled samples of the
same males were used in these assays as in Tables 1 and 2.

the liver during recrudescence than for the combined
pools from emergence and breeding seasons (U = 0;
n=35, 6; P<0.036, 2-tailed). Concentrations of
the remaining important androgen precursor,
172 -hydroxyprogesterone, differed among tissues
(x}=14.00, df = 2, P < 0.005, 2-tailed). Testis con-
centrations were significantly greater than those in
liver (P <0.005) and serum (P < 0.025). Concen-
trations were undetectable in all but a few liver and
serum pools (2 each). 17¢-hydroxypregnenolone and
20a-dihydroxyprogesterone (Bourne, 1984) were only
detected once each.

The androgens DHEA, androstenedione, testos-
terone, epitestosterone, and DHT were detected
(Table 2). Among these, DHEA was present most
consistently and at the highest concentrations. Con-
centrations of this steroid varied among tissues
(x2=29.37, df =2, P <0.001). Levels were signifi-
cantly greater in the testes than in serum (P < 0.001)

Table 4. Estrone recovery from blood serum, testis, and liver of male
yellow-bellied slider turtles, Trachemys scripta

Serum Testis Liver
(ng/ml) (ng/g) (ng/g)
Emergence:
nonmelanistic 74 1142 102
melanistic ND 2106 ND
Breeding:
nonmelanistic 12 2210 ND
melanistic 1 4963 150
Recrudescence:
nonmelanistic 82 1102 207
melanistic 34 167 116

The same pooled samples of the same males as in Tables 1, 2, and
3 were used here.

and liver (P < 0.005). Concentrations in liver and
serum did not differ. Androstenedione showed no
consistent significant seasonal trend in ali tissues, but
was significantly more concentrated in serum during
the breeding season than during recrudescence
(Fisher P = 0.0256, 1-tailed) and was less likely to be
detectable in the other tissues during recrudescence
than at other times, but not significantly so. The
concentration of androstenedione varied among
tissues, being greatest in the testes (2 = 23.41, df = 2,
P < 0.001). The testis concentrations, although sub-
stantially greater, were not significantly greater than
those in serum and liver by the stringent multiple
comparison tests used. However, testis concentration
exceeded that in serum according to the Sign Test
(P =0.05). Surprisingly, testosterone was detectable
in only three pooled samples, two at emergence and
one during recrudescence. Testosterone was absent
during the breeding season; breeding is dissociated
from high testosterone levels. Epitestosterone was
present in three serum pools, one at emergence and
two during the breeding season. It was also detected
in two liver pools during emergence and two during
recrudescence. No epitestosterone was detected in the
testes. DHT was found only in testis and liver, being
detected in the testis in two pools during emergence
and one during breeding, and in the liver in two pools
during recrudescence.

Androgen metabolites observed were etiochol-
anolone, androsterone, epiandrosterone, and DHT
(Table 3). Etiocholanolone occurred in most pools in
all tissues at all seasons; it showed no significant
overall seasonal or tissue differences. Androsterone
levels varied significantly among tissues (3 = 10.04,
df =2, P <0.01). The only significant pairwise



276 WiLLIAM R. GARSTKA et al.

comparison was a greater concentration of andros-
terone in testis than in serum (P < 0.005). There were
no differences in androsterone levels among seasons
for the entire data set. Results for DHT are presented
above.

Two of the estrogens studied, estrone and 178-
estradiol, were detected, but estrone was found more
frequently and at higher concentrations (Table 4).
Estrone concentrations varied significantly among
tissues (y? = 15.50, df = 2, P < 0.001). Testis concen-
trations of estrone were significantly greater than
those in liver and serum (both P < 0.005), but those
of liver and serum did not differ. In all three tissues,
estrone concentrations differed significantly with
seasons. Estrone levels were higher in the testes
during the combined emergence and breeding seasons
than during recrudescence (U=11; n =28, 11;
P <0.02, 2-tailed). In the serum and liver, estrone
levels were higher during recrudescence than during
the combined earlier periods (U=19; n =38, 11;
P <0.05 and U=18; n =38, 11; P <0.05, respect-
ively; both 2-tailed). 17f8-estradiol was detected in
only three pools.

Melanistic and nonmelanistic males differed in
tissue concentrations of certain androgen precursors,
androgens, androgen metabolites, and estrogens.
Among androgen precursors, melanistic males
differed from nonmelanistic males in patterns of
progesterone and 17x-hydroxyprogesterone concen-
trations. Melanistic males had higher liver concen-
trations of progesterone during the combined
emergence and breeding periods than during re-
crudescence (U=0; n =15, 6; P =0.036, 2-tailed).
Concentrations of 17x-hydroxyprogesterone were
greater in the testes of nonmelanistic than of melan-
istic males for the entire study (U =18; n =8, 11;
P =0.05, 2-tailed) and during recrudescence (U = 3;
n=25; P =0.05, 2-tailed).

Melanistic and nonmelanistic males differed in
the levels and distribution of three androgens:
DHEA, androstenedione, and epitestosterone. Con-
centrations of DHEA were greater in melanistic
males during combined emergence and breeding than
during recrudescence, in the testes and liver (each
U=7, n=35, 6; P=0.036, 2-tailed). During re-
crudescence, DHEA levels were significantly greater
among nonmelanistic than melanistic males in all
three tissues combined (U =18; n =8, 11; P <0.05,
2-tailed) and in the testis (U=0;n =5, 5; P < 0.008,
2-tailed) and liver (U=2; n=35, §; P <0.032, 2-
tailed). In the serum, a similar, but not significant,
difference was observed (U=4; n =5, 5; P =0.096,
2-tailed). Androstenedione concentrations were sig-
nificantly greater in nonmelanistic than melanistic
males in the serum (U=7; n =8, 11; P <0.002,
2-tailed) and testis (U=10; n =8, 11; P <0.02,
2-tailed) but not in the liver. Epitestosterone was
detected in a significantly higher frequency of melan-
istic than nonmelanistic males during the combined
emergence and breeding seasons (Fisher P = 0.024,
2-tailed). Also, this androgen was detected more
frequently among melanistic males during the com-
bined emergence and breeding period than during
recrudescence (Fisher P = 0.036, 2-tailed).

Melanistic and nonmelanistic males differed in
certain respects in levels of the androgen metabolites

etiocholanolone and androsterone. Nonmelanistic
males had greater serum and liver concentrations
of etiocholanolone during recrudescence than did
melanistic males (Fisher P = 0.048, 2-tailed). Non-
melanistic males also had higher levels for the same
comparison in testes, but the difference was not
significant (U=4; n =5, 5; P =0.096, 2-tailed). Ad-
ditionally, serum etiocholanolone concentration was
higher at all times in nonmelanistic than melanistic
males (U=9;n =8, 11; P <0.01). Androsterone was
at slightly higher concentration in nonmelanistic
males in all tissues than in melanistic males (serum:
U=3;n=28,11; P <0.001; testis, liver: U = 0,n =8,
11; P < 0.001 for each). Androsterone was undetect-
able among melanistic males except in one serum
pool sampled during the breeding season. However,
it was detected in all pools from nonmelanistic males
except in one serum pool during recrudescence. An-
drosterone was also significantly more concentrated
in nonmelanistic than in melanistic males in each of
the tissues in the combined emergence and breeding
samples (U=0; n =3, 6; P =0.024 for each tissue)
as well as during recrudescence (U=0; n =35, 5;
P =0.008 for each tissue). Among nonmelanistic
males, androsterone levels varied significantly
among tissues during emergence (32 = 8.00, df =2,
P =0.009, 2-tailed), being greater in the testis than in
the liver (P < 0.05, 2-tailed). Androsterone levels also
varied substantially among tissues in nonmelanistic
males during recrudescence, but not significantly
(xf=6.20,df =2, P =0.10, 2-tailed). Although pair-
wise comparisons are not usually made without a
significant main effect, a large difference between
testis and serum levels suggests that an exception
might be appropriate. Considered separately, testis
levels were significantly higher than serum levels
(P <0.02, 2-tailed).

The only notable difference in estrogen concen-
trations between melanistic and nonmelanistic males
was a higher testicular estrone level in nonmelanistic
than in melanistic males during recrudescence, but
this difference was not significant (U=4; n =5, 5;
P =0.096, 2-tailed).

2. Behavioral studies

Results of the behavioral studies are summarized in
Table 5. Males that were castrated or castrated and
treated with cholesterol did not court, whereas sev-
eral males in the combined intact and sham-operated
groups did. However, with the small sample sizes and
low frequencies of courtship by intact males, this
difference did not attain significance (P = 0.124).

Testosterone significantly increased the frequency
of male courtship behavior. Testosterone-treated
males courted more frequently than combined cas-
trates and cholesterol-treated males (P = 0.013).
Epitestosterone, the only androgen found at a sub-
stantial level in breeding season males, did not stimu-
late courtship; there was no difference in frequency of
courtship between the combined castrated control
groups and the epitestosterone-treated group
(P > 0.10). Neither DHEA nor androstenedione sig-
nificantly affected male courtship behavior. Although
at least one male treated with each of these hormones
courted, neither courtship frequencies nor intensities
for their combined treatment groups differed from



Table 5. Courtship behavior of male yellow-bellied slider turtles, Trachemys scripta

Treatment Groups

Castrated/
androstenedione

Castrated/

DHEA

Castrated/
epitestosterone

Castrated/

testosterone

Castrated/
cholesterol

Sham-

operated Castrated

Intact

Number of melanistic

males tested

Number of nonmelanistic

males tested

Number of melanistic
males courting

Courtship scores of
melanistic males

2,2,2,3

3.3

Number of nonmelanistic

males courting
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Courtship scores of

nonmelanistic males

Courtship was scored using an ordinal system of 0 =no courtship to 6 = intromission (see Materials and Methods for full description and justification). Each test was independent:

each male was tested once with two observation periods, the higher score of which was used.

those for males of the combined control groups
(Fisher P =0.170; z score corrected for ties for
Mann—Whitney Test was z= —1.55, P = 0.06).

Melanism appears to affect courtship behavior. In
normal males, i.e. in the combined intact and sham-
operated controls, melanistic males were significantly
more likely to court than were nonmelanistic males
(P =0.048). A similar difference did not occur in the
combined data for hormone-treated groups in which
one or more males courted (P > 0.10), but the rela-
tive frequency of courtship by melanistic males
differed somewhat among androgens. Among testos-
terone-treated males, nearly the same proportions of
melanistic and nonmelanistic turtles courted as in
the combined control groups (P >0.25 each). A
somewhat different pattern occurred in the combined
DHEA- and androstenedione-treated groups, in
which only one of five melanistic males and three of
six nonmelanistic males courted. Although the differ-
ences are not significant (P > 0.05), they hint that
melanistic and nonmelanistic males might respond
differently to various androgen treatments. For
the DHEA-treated group a higher proportion of
nonmelanistic males courted than for the combined
controls; this difference is suggestive, but not signifi-
cant (P = 0.083).

DISCUSSION
1. Steroids

High levels of androgen precursors are expected to
occur during recrudescence, and were observed in the
case of pregnenolone. With progesterone, concen-
trations were lower in the liver, but not in the serum
or testes, during recrudescence, suggesting that pro-
gesterone may be more efficiently converted to other
steroids in the testes during recrudescence. The testis
was presumably a major source and/or binder of
progesterone and 17«-hydroxyprogesterone, both of
which were more concentrated in the testes than in
other tissues. The findings that progesterone and
17a-hydroxyprogesterone were present on emergence
from hibernation and during breeding were expected
because these steroids occur early in the biosynthetic
path leading to the androgens (refer to Fig. ).

Although numerous androgens were detected, the
pattern of concentrations was surprising. DHEA, the
androgen most prevalent and present in the highest
concentrations, was presumably of testicular origin
or was efficiently taken up by the testes as indicated
by its relatively high concentration there. The same
applies to androstenedione. The more frequent pres-
ence of androstenedione in serum during breeding
than during recrudescence is only marginally signifi-
cant, but is consistent with findings in the cobra (Tam
and Phillips, 1969). Its biological importance, if any,
is unclear. That DHT levels were low or undectable
at all times agrees with the findings of several workers
on other reptiles (Callard, 1967, Camazine et al.,
1980; Lofts and Choy, 1971; Tam and Phillips, 1969).

The absence of detectable testosterone in most
males was both unexpected and troubling, especially
given its reported presence in other emydid turtles
(e.g. Silva et al., 1984; Licht et al., 1985). Possible
explanations for this discrepancy are: (1) that
T. scripta differs from its relatives in this respect,
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(2) that in vivo there is very rapid turnover of
testosterone, (3) that biosynthesis may lead to
alternative isomeric forms such as epitestosterone,
(4) that our assays are incorrect, or (5) that previous
reports are misleading. There are difficulties with any
single assay system. Neither our assays nor those of
most previous workers were confirmed with alter-
native test methods; we used GLC exclusively, relying
on retention times of silyl ether derivatives to identify
unknowns, while others have used either radio-
immunoassay or recovery of labeled hormones in
in vitro systems treated with radioactive precursors.
RIA can be misleading because of cross-reactivity
unless highly specific antibodies are used (as by
Wiebe et al., 1988). GLC can be misleading as well,
especially if either unextracted or otherwise un-
processed samples are used. Clearly, the best and
most reliable analysis would include confirmation of
results by an entirely different chemical method—in
our case mass spectrometry or specific RIA.

If our results are accurate, a possible explanation
for the low levels of testosterone appears in our
estrogen assays. While our methods allowed us to
identify eight estrogens, only estrone was identified
regularly; male slider turtles exhibited substantial
levels of estrone but not 17B-estradiol, which is
usually considered the most common vertebrate
estrogen (Hadley, 1984; van Tienhoven, 1983). 178-
estradiol is the aromatization product of testosterone
while estrone is aromatized androstenedione (Callard
etal., 1977, 1978; Feder, 1981). 178 -estradiol can also
be synthesized from estrone, and in mammals most
estrone is so converted (Hadley, 1984; Feder, 1981).
The enzyme to convert estrone to estradiol (17f-ol-
dehydrogenase) is the same enzyme that converts
androstenedione to testosterone (Feder, 1981). There-
fore, a deficiency of that single enzyme in male
T. scripta would be consistent with both the lack of
testosterone and 17f-estradiol and the presence of
estrone in our results.

Elevated tissue concentrations of steroids during
the emergence and breeding periods prior to re-
crudescence could be due to adrenal steroids that
might then be taken up by the testes and acted upon
by testicular biosynthetic enzymes (as described by
Eik-Nes, 1969) or aromatized peripherally to estrone
(Callard et al., 1977, 1978; Grodin et al., 1973;
Hemsell ez al., 1974) which in turn might be taken up
from the blood by testicular binding proteins. In the
male cobra (Naja naja), which also exhibits dis-
sociated gametogenesis, the testes are small but the
adrenals enlarge during the breeding season (Lofts et
al., 1971; Tam and Phillips, 1969). Any conclusions
with regard to the role of the adrenal must await
our further studies of adrenal suppression and
stimulation.

2. Attempts at hormonal induction of courtship
behavior

No hormones reliably induced intense courtship in
male T. scripta. These findings could have been a
result of either a male effect or a function of female
quality. We made no attempt to control female
stimulus quality; proximal stimuli necessary for in-
tense courtship and copulation are unknown in these
turtles and may have been lacking in the present
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study. If female attractivity or behavior are under
endocrine control and are important elements stimu-
lating or maintaining male courtship behavior,
our experiments may have given only a minimal
indication of androgenic effects. Further, we pur-
posely chose the fall of the year for our tests. While
courtship has been described in the fall in this species
little is known of its significance or extent. We felt
that if we could reliably induce courtship in the fall
we would have a more robust effect.

Based on the finding of high concentrations of
epitestosterone in male lizards (Bourne et al., 1985),
we hypothesized that this androgen might be present
in male 7. scripra. This would have explained the
difficulty some other workers have had in using
traditional androgens to induce sexual behavior in
some reptiles, especially those having dissociated
gametogenesis. We found epitestosterone in substan-
tial concentrations in the serum of melanistic males
during the breeding season, but the concentration
was much lower than that of DHEA. Further,
epitestosterone did not affect courtship of male 7.
scripta; it has no known function. Only testosterone
significantly increased the frequency of courtship.

The increased courtship induced by testosterone
seems paradoxical given that we did not detect it in
our breeding season samples. This may simply indi-
cate that testosterone is not a primary hormone
normally stimulating courtship but that the turtles
have a very high sensitivity to it. Alternatively, it may
be that blood, testis, and liver levels are low because
of high turnover and efficient binding to target
tissues. Testosterone also stimulates courtship in
male musk turtles, Sternotherus odoratus under
some environmental conditions (Mendonga, 1987),
suggesting that androgens may have important effects
on courtship in male turtles but do not elicit strong
courtship in the absence of appropriate physical
and social stimuli, probably including reproductively
active females.

3. Relationship of male melanism to hormones and
behavior

Males of the two colour patterns differed both
hormonally and behaviorally. The pronounced differ-
ences between melanistic and nonmelanistic males in
the relative concentrations and seasonal cycles of
androgen precursors, androgens, and androgen
metabolites demonstrate that steroid production and
utilization by these male groups differ profoundly.
When sampling animals from wild populations it
is thus very important to note age in addition to
reproductive condition and time of year. Nonmelan-
istic males had higher levels of several steroids, in part
due to differences during recrudescence. The higher
17a-hydroxyprogesterone and DHEA levels suggest
higher activity in nonmelanistic males of the early
stages in the biosynthesis of androgens and account
for their higher levels of androstenedione and of
androgen metabolites. The only androgen for which
melanistic males had higher levels, epitestosterone,
was present at low concentrations and only during
emergence and breeding. Its source is unknown.
These numerous differences suggest that steroidal
regulation of breeding might be different in non-
melanistic and melanistic males.




Androgens and courtship in a turtle 279

Further evidence supporting a difference in
steroidal reproductive mechanisms is provided by
seasonal differences in steroid production between
melanistic and nonmelanistic males. The finding
among melanistic males of higher levels of two
androgens, DHEA in the liver and epitestosterone in
liver and testes during emergence and breeding than
during recrudescence is expected for a species with
dissociated gametogenesis if either of these androgens
is important to breeding.

The finding that melanistic males courted more
frequently than nonmelanistic males is consistent
with findings that in many species larger, older males
mate more frequently than do smaller, younger
males. Because there were no copulations or indi-
cations of female choice favoring melanistic male 7.
scripta it is not clear whether melanistic males have
any advantage over nonmelanistic males in obtaining
mates. Our data do not reveal any androgen that
both elicits courtship and is significantly more con-
centrated in melanistic males. Nevertheless, the com-
bined higher frequency of courtship and elevated
steroid levels, particularly of DHEA and androstene-
dione, suggest that the differences in courtship
between melanistic and nonmelanistic males could be
steroidally mediated.

4. Conclusions and implications for studies of dis-
sociated gametogenesis

We are left with but a fragmentary understanding
of the control of courtship behavior in T. scripra. It
appears that sex steroid hormones may play a role,
but we have not demonstrated unequivocally that
they normally do. Given our minimal understanding
of the roles of hormones in turtle reproductive behav-
ior, it is premature to state that the hormones which
were not effective or were only minimally effective are
unimportant. While it is apparent that a range of
androgenic steroids are present in these turtles and
may affect their sexual behavior, further study is
needed to determine their functions and significance.
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