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Abstract

Male slider turtles (Zraahem1s scripta) undergo dramatic
melanic changes as they become larger and older. This trans-
formation occurs well past the size at which most attain sex-
ual maturity. However, the process is not strictly size-
dependent. The mean body size of melanistic males varies
concordantly among populations in the same region as a
function of growth rate . Additionally, data do not necessarily
support an age-related explanation for the phenomenon, ex-
cept as predicted under population-speci{ic growth rates.
The advent of melanism is coincident with population-
specific female size at maturity and with rnaximal develop-
ment ofmale foreclaw length, a secondary sexual characteris-
tic. Melanistic individuals generally form a small portion of a
given population but typically predominate within larger
size classes. Physiological, histological, and hormonal differ-
ences between melanistic and nonmelanistic males are dem-
onstrated. Behavioral diflerences also exist and may be due
to intersexual or intrasexual selection.

Introduction

The phenomenon ofmelanism is well known in adult male
slider turtles (Trachemys scripta; Table l9.l). In most pop-
ulations that have been studied, sexually mature males
undergo dramatic melanic changes involving the shell
and, later, the soft parts of the body. In spite of the famil-
iarity of this dramatic condition, little is known regarding
its onset, development, and possible significance. For ex-
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TabE 19.2. Referenc€s to melanism in s€lected turtle species

Taxon I-ocation Reference C-omment

Emydidae
Baragn baska
Chinemys reevesii

Chrysenrys picta

Clemys guttata
C. muhlenbergii
Grapte mys ouac hitensis
Hieremys mnmdalii
Malnclcnrys tenapin
Notochelys platynota
Pseudemys concinna mobilensis
P. dorbigni
P. floidma
P. nehoni

P- rubriventris

Rhinockmys funerea
Srcalia bealei
Trachemys decorata

T. decwsata

T. scipta
T. stejnegeri
T. s. vicina
T. tmapen felis
T. t. tetrapen

Kinosternidae
Kinostemon sonorierce

Malaysia
Asia

North America

Minnesota

North Dakota
C,anada

United States
United States
Wisconsin
Southeast Asia
[-ouisiana
Thailand
United States
South America
United States
United States

United States

Crntral America
Asia
Hispaniola

Cuba
Cayman Islands
See Table 19.1

Central Antilles
Hispaniola
Bahamas
Jamaica

Arizona

27

Seasonal in males
Both sexes,

__ 

plastral melanism

_f emales
Both sexes,

reticulate melanism
Reticulate melanism
Reticulate melanism
Both sexes,

_- 

reticulate melanism

Both sexes

-.

Botn a"""a

"Old individuals"

Melanism not as

marked as in other

-_West 
Indian forms

See Table 19.1

Botn aa*",

1,3,13,16
1.4
'25

15

11

22
24

t4
18

m
2T

7

t2
4
9,10
8
t4
8
8,2t,26
14

19

16

^

25
2,4,2r24
6
See Table 19.1

4
25

4,5

t7

Nore.' Scientific names for West Indian Trachemys and subspecific designations for T. suipta follow Iverson (1986).

References: 1, Gray, 1873; 2, Desola and Greenhall, 1932; 3, Liu and Hu, 193940; 4, Barbour and Carr, 1940; 5, Lynn
and Grant, 1940; 6, Grant, 1940; 7, Cagle, 1952; 8, C-arr, 1952; 9, Freiberg, 7967a; 10, Freiberg, 1969; 11, Smith et al.,

1969;72, Taylor, 1970; 13, Mao, l97l;14, Ernst and Barbour, 1972;15, Ernst and Ernst, 1973; 16, Sachsse, 1975;17,
Hulse,1976; 18, Holub and Bloomer, 1977;19, Ernst,1978;20, Vogt, 1978;21, Pritchard, 1919;22, Macculloch, 1981;

23, Moll e! al., 1981; Z, Schueler, 1983i 25, Seidel and Inchaustegui Miranda, 1984;2.6, Ward, 1984; 27, Lovich et al.,

1985; 28, Sampedro er al., 1985.

'Considered to b€ a subsp€cies of T. scipta by Iverson (1986) and Pritchard (1979).

Patterns of Melanization in Turtles

Several levels of melanic expression occur in turtles (Ta-
ble 19.2). We recognize four basic types: permanent mela-
nism, seasonal melanism, senile reticulate melanism, and
ontogenetic melanism. Although the first three types oc-
cur principally in species other than T. scripta and its al-
lies, we will present a brief review of each before proceed-
ing to a detailed description of the process in 7- scripta.

The type that we refer to as permanent melanism oc-
curs in those species that are black throughout life, or at
least as adults, including Em2s, Em2doidea, Clemm2s guttata,

Ltfe History and Ecologt of thc Slidr Turtle

M auremlt s, Cuora, M e lanlc he l) s, Annamemlt s, C hineml s, Ge o -
clemys, Heosemlts, Siebenrockiella, and some Rhinoclemmls

(Ernst, l9B2). Although lighter pigments may form vari-
ous patterns on some of them, the above species are pri-
marily black. Another example of this type of melanism
apparently occurs in the eastern Pacific populations of
Chelonia m1das. Hirth and Carr (1970) discussed the dis-
tribution of the "black turtle," a race of C. mldas charac-
terized by heavy black pigmentation (see above). How-
ever, it is not known whether this condition is a

polymorphism or a true taxonomic novelty, as suggested
by Bocourt (1868) and Caldwell (1962b), because "black
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matching (for review, see Porter, 1972), and the existence
of melanomorphic forms in some other groups of verte-
brates, including felids (Searle, l968), fishes (Regan,
l96l; Angus, l9B3), and snakes (e.g., Sistrurus catenatus-
Conant, l95l; Crotalus horridus and Heterodon plat2rhinos-
Conant, 1975). With the possible exception of back-
ground matching rn Chelodina longicollis (Woolley, 1957),
these forms of melanic expression have not been reported
in turtles. Woolley (1957) demonstrated that C. longicollis
melanophores contracted .,vhen live specimens were
maintained over a white background and expanded when
maintained over a black background. The transmutation
from one state to the other required approximately
30 days. Intraperitoneal injections of melanophore-
expanding pituitary hormone caused melanophore ex-
pansion in pale specimens.

Ontogenetic Melanization in Trachemy s s cripta

Ontogenetic melanization in Trachem2s scripta has been
described as a process ofpattern reorganization not neces-
sarily accompanied by an overall increase in pigmenta-
tion (McCoy, 1968). In an Oklahoma population of
T. scripta the melanization process involves shifting of
melanic pigments, in a regular sequence, between areas
of the shell and the skin (McCoy, l968). Melanic changes
in the subadult pattern appear first on the plastral scutes,
with subsequent involvement of the scutes of the carapace
and the skin of the legs, tail, head, and neck. The first
evidencc of melanization is the deposition of a smudgy
black spot in the center of each plastral scute, overlying
and obscuring the juvenile ocellate spot (Carr, 1952).
These black spots, especially those on the posterior pairs
of scutes, gradually enlarge to form a continuous or almost
continuous ring of black pigment around the plastron.
The plastron retains a yellow center and yellow edges, and
there is no melanin deposition along the scute sutures at
this stage. The spots of the posterior scutes usually join,
but the spots on the anterior scutes remain discrete (Mc-
Coy, 1968: Fig. lA) . As the melanization process con-
tinues, the melanin in the large, smudgy, and coalescent
plastral spots is withdrawn and redeposited at other
points on the plastron. In both males and females, foci of
melanin redeposition occur at the junctions of the
pectoral-abdominal and abdominal-femoral sutures with
the central suture. Secondary foci develop where the more
anterior and posterior cross-sutures intersect the central
suture. Pigment transfer continues until the suture areas
are broadly smudged with black, and the original central
laminal spots are reduced, perhaps evcn light-centered
(Fig. l9.l). In the population studied, the progress of
ontogenctic melanization was approximately the same in
males and fcmales to this stage, but beyond this point
malcs and females followed different patterns. In females
the central plastral melanin deposits enlarge and expand
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in all directions and eventually wash the entire plastron
with black pigment, virtually obscuring all markings.
Concurrently with the development of a general blacken-
ing of the plastron from the central area, large black
smudges reappear near the positions of the original
central laminal spots. Remnants of the original spots may
be seen as faint ringlike edgings around these new spots.

The black smudges in the centers of the scutes remain
visible until finally obscured by the overwash of melanin.
Webb (1961) reported that the plastrons of large females

from Lake Texoma, Oklahoma, were B07o blackened by
melanic pigments.

Adult females retain the bright carapace pattern ofju-
veniles virtually throughout life. In the population stud-
ied, the carapace pattern of some very old females was
slightly obscured by a thin overwash of melanin. The
striped pattern ofthe skin ofthe head, neck, legs, and tail
remains unaffected by melanization in adult females. It is
important to note that although slight melanic changes
can be demonstrated in females of the scripta subgroup
(sensu Weaver and Rose, 1967), these changes are only
superficially similar to those typical of males. In fact, of
the more than 9,000 T. scripta that have been collected on
the Savannah River Plant in South Carolina during the
past 20 years, none of the females were melanistic.

In males the transfer of pigment to the plastral sutures
at the expense of the spots continues until the spots are
completely lost or are only ring-shaped, and the pigment
is concentrated along the sutures. The centers of the
scutes are yellow or slightly vermiculated with melanin,
but both the juvenile ocelli and the melanic smudges that
replaced them are lost (McCoy, 1968: Fig. lD) .

At an early stage the bright juvenile pattern of the
carapace scutes in males is obscured by general deposition
of melanin over the carapace. Subsequently, there is a
progressive depigmentation of the carapace scutes, with
the melanin moving to and concentrating along the su-
tures. Ultimately, the sutures of the carapace scutes are
narrowly and vividly outlined in black, and the centers of
the scutes are greenish yellow and without dark markings.
This is the classic "troostii" or "ntgosa" phase that con-
founded early naturalists.

A further and final stage in the melanization of adult
males involves complete obliteration of the striped pattern
of the head, neck, legs, and tail and replacement with a
gradually darkening. black-mottled melanic pattern on
an olive ground color (Fig. 19.2). Carr (1952) reported
that a further stage involves a secondary wash of black
pigment over the plastron, obscuring the pattern of
melanin along the sutures.

Evidence of melanic change in male T. scripta from Ala-
bama consists of (l ) an obscuring of the yellow and black
rosette or swirl pattern on the carapace, (2) a similar
obscuring on the skin ofneck, limbs, and tail accompanied
by a breakup of the juvenile and female head stripe pat-
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Frcunp 19.1. Color pattern of melanistic (left) and nonmelanistic (right) male Trachemls scripla collected in northern Alabama- Turtles

were collected monthly by drag seine, trap, or trammel net from drainage canals in the White Springs Unit, Harris-Sweetwater

dewatering area, Wheeler National Wildlife Refuge, Limestone County, Alabama. d, carapace color pattern; D, plastron color pattern

Note the concentration of black color along the scute margins and the disappearance of pattern from the scr.rte centers in both views of

melanistic specimens.

Llfe Hi.rtort and Ecologt of the SLider Tur:
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Frcur.s 19.2. Comparison of the head

color pattern of a melanistic male (left), a

female (center), and a nonmelanistic
male (right) from northern Alabama. a,

dorsal view; b, lateral view; c, ventral
view. Note the breakup of the striping
pattern in the melanistic male to short
xavy lines and dots.
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tern into series of dots, and (3) the appearance of dark
pigmentation at the scute margins of both carapacc and
plastron (Figs. l9.l and 19.2). Few malcs in the Alabama
population attained a uniformly black carapace, but all
males in that population with a plastron lensth greater
than 160 mm cxhibited clear evidencc of changes in color
pattern. Howevcr, in other populations adult males may
retain the juvenile pattern throughout life (Cahn, 1937;
Barbour and Carr, 1940). Because overall darkcning does
not always occur, the condition in male slider turtles may
not be strictly melanism. Howcver, we will continue to use
the term because ofits precedence in describing this phe-
nomcnon. The preccding description of the mclanization
process is based on thc assumption that less melanic pat-
terns undergo a transition to more-melanic patterns. To
the best of our knowledgc, no one has ever studied the
process ovcr time with known individuals in a controlled
cxperiment.

Quantifying Melanism

A major problem with reviewing the phenomenon of
mclanism in slider turtles is that a quantitative method for
mcasuring the degree of melanization has not been em-
ployed or cven suggcstcd. Thus, a condition dcfincd as

partially mclanistic by onc rescarcher may be considcrcd
fully melanistic by others. Thc situation is complicated by
di{Ierential involvement of thc shell and soft parts in the
melanization process. A partial solution would be to mea-
sure qualitatively the degree or pattern of melanization
cxhibited by a given structure such as the plastron. In
Chinemys reeuesii, for example, several plastral patterns ap-
pcar to form a continuum toward complete mclanism
(Lovich et al., l9B5; also see Table 19.4); howcvcr, in-
volvemcnt of the soft parts is di{ficult to predict from the
levcl of plastral mclanism obscrvcd. A shortcoming of this
approach is the loss ofinformation regardine thc concomi-
tant involvement of other anatomical units.

Another technique is to usc a photo coordinate grid
overlay (Forestry Suppliers, stock no. 45026). This is a
clcar acetate sheet printed with a dot matrix that can be

placed over photographs or photocopics of a turtle's
carapace or plastron. By counting the numbcrs of grid
points that are superimposed on light and dark areas, an
estimate of thc pcrcentage of area that is black can be
calculatcd. Flat surfaces such as thc plastron can be ana-
Iyzed directly without the use of photocopies. The relativc
arca of the carapacc that was black was measured in a

sample of nonmelanistic males (// : l4; 100-158 mm
plastron length, or PL), melanistic males (1y' : 23;154-
197 mm PL), and females (1/: \a; 108-212 mm PL)
lrom northern Alabama using the grid overlay technique
(Terrell and Garstka, l9B4). The extent of carapace

MCCOY, AND WILLIAM R. GARSTKA n CHAPTER

Table 19.4. Relationship between size and
plastral melanism in Chinemys reevesii

Amount of Meao plastron length (mm)

pigmentation Male Female Juveniles Total sam: :

Light 62.5
lntermediate 77.2
Dark 75.4
Melanistic 107.1

(10) 83.e (s) 46.7 (1) 6.2 ( i:
(4e) e4.s (46) 4s.2 (13) 80.7 (1r!.
(21) 107.6 (48) 43.8 (10) 8e.e (E:
(30) 144.7 (7) 114.2 f3-

Source: Itwjch and Ernst, pers. com.

Note: Sample sDe is given in parentheses after each mean. pigmenta:.:-
categories follow l.ovich et al. (1985). There is a significant difference in plas::: -
lengths between pigmentarion categories (ANOVd juveniles excluded; F = 9::
p < .0001, df = 3,218).

darkening differed significantly betwccn groups: \,,r.-
melanistic male carapaces were 30'h 1.-+ 3.87o) blac..
melanistic malcs were 5B"h 1-+ 3.2%) black. and fem;ri. ,

were37"k (* +.t%) black (F: 17.35, df : 2148. f .
.001). However, thcre was considerable overlap bctur.:
nonmelanistic and melanistic malcs: Nonme lani,. ..

carapace black rangcd to 68% (132 mm PL), ar, ,

mclanistic carapace black was as low as 36"h (162 nr:.:

PL). Althoush some very large females may exhibir .,

darkened carapace (to 74o/o black in a 2i2 mm Pl
fcmale), none of the more than 300 femalcs examinecj r:

thc northern Alabama population showed evidcnce of c, . -

or pauern reorganiza{ion on the carapacc scute marqi:
or of neck skin stripc reorsanization characteristic of'tl.
male morphological color chanse . Thus, evcn this pr. -

Iiminary quantitative approach mav not be su{ficient
indicate color pattern changcs.

A more precisc approach wouid involvc the usc of --.

digitizcr to scan turtle shells or photographs. This tecl.-
nique cvaluates and quantifies the dcsree oflightnes' ,

darkness in small areas (pixcls) of the imagc, thus srear. .

incrcasing resolution of minutc pigment diflcrences. .\:.
overall value reflecting the degree of meianization can :- ,

obtained and casily comparcd with othcr values. Th-,
technique is presently being evaluated for detailed anal,.-
sis and quantification of melanic chanses in T. scti;
(Lovich. unpub. data1.

We also investigated the microscopic structure of th.
skin of melanistic and nonmelanistic male T. scripta.'f I't-..

comparison of sections of the neck skin of 2l nonmclani:-
tic and 34 melanistic malcs revealed that the mclari, -

phores in the dark stripes of nonmelanistic maies rrer,
principally dermai and that the melanophores of mclani,sti.
malcs were principally epidermal (Fig. 19.3). Cytocrin.
deposition by the epidcrmal melanophorcs is clearly indr-
cated. Furthermore, the expansions of the nonmelanisti-
dermal and of the melanistic cpidermal melanophorr-.
were noticeably di{Icrent from each othcr.

Ltfe Hi'tory and Ecoloqv nJ the \luler [:.



241DEVELOPMENT AND SIGNIFICANCE OF MELANISM

Frcurn 19.3. Histological comparison of melanophore distribution in neck skin of melanistic and nonmelanistic male Trachemls scripta.

Tissues were fixed in 10% neutral buffered formalin, dehydrated in a graded ethanol series, embedded in paraffin, sectioned at 7 pm,

and stained with hematoxylin and eosin. a, nonmelanistic male section showing principally dermal distribution of melanophores; D,

higher-magnification view of the same tissue section as in a; c, melanistic male section showing principally epidermal distribution of
melanophores with cytocrine deposition; d, higher-magnification view of the same tissue section as in c.

Geographic Variation

The melanization process dcscribcd lor maie T. scripta

appears to vary among subspecies, although there is some
disagreement among authors. For example, of the l7 cur-
rently recognized races (Iverson, 1986), some, such as

T. s. ornata, show only slight levels of melanism (Smith
and Smith, 1979), and T. s. uenusta does not normaliy ex-
hibit melanism (Pritchard, 1979). In contrast, Smith and
Smith (1979) report melanism in both malc and female
T. s. uenusta. This condition, bisexual melanism, is un-
usual in the complex and is shared with L s. )aquia, T. s.

grayi, and T. s. ta2lori (Legler, 1960b; Smith and Smith,
1979). Ifany trend exists, it may bc that mclanism is more
characteristic of North Temperate races of T. scripta than
races in Mesoamerica (see Chapter 7).

Variation within subspecies has also bcen suggcstcd.

LtJe Historl and Ecobgt o-f lhe SLider Turtk

Cahn (1937) reported that melanisttc T. scripta elegans

were more common in southern Illinois than in the north-
ern portion of the state. Others have suggested that the

sizc at full attainment of melanism varies geographically
in this race (Cagle, I950; McCoy, l968). In contrast, the

closely relatcd and widely distributed Chrytsemys picta ap-
pears to develop reticulate melanism only at the northern
limit of its range (Table 19.2). Latitudinal clines in pig-
mentation have been reported in the tortoises Glpherus

flauomarginatzs (Morafka and McCoy, l9BB) and G. pou-
phemus (Landers et al., 1982).

Seidel (l9BB) reviewed thc occurrence and progress of
melanization in West Indian species of Trachemlts. Thc
phenomenon is poorly developed in T. terrapen and nearly
abscnt in T. decorata. The pattern of pigment reorganiza-
tion in T. stejnegeri is similar to that of T. scripla. In T. de-

cussata the proccss results in a vermiculate or speckled
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Table 19.5. Plastron length (mm) statistics for melanistic and nonmelanisiic male Trachemys scipta
from selected South Carolina populations

Pigmentation Maximum MEL/NON

0.23C€cil's Pond

Cap€rs Island

Steel Creek

McElmurray's
Pond

Par Pond

Ellenton Bay

I-ost l-ake System

Risher Pond

0.21

0.41

0.3.1

0.33

2.9 145 189

2.0 105 178

4.8 111 226
16.4 108 178

3.6 126 206
2.4 100 20e

2.4 136 194

2.2 t 13 177

1.3 146 22.6

1.3 100 243

1.6 104 223
0.9 100 201

1.3 116 201
1.0 100 210

5.5 122 20:t
3.0 103 191

t6
IJJ

2m
l))

180

151

loJ
154

190

153

168
I t-f

164
140

174
131

MEL 17

NON 75

MEL 10

NON 4

MEL 30
NON 130

MEL 30
NON 4I

MEL 167

NON 406

MEL 135

NON 493

MEL 145
NON 429

MEL 16

NON 48

2.50

o.73

o.27

Note: Data for animals with multiple captures are based on last capture. Only rexually mature nlales (plastron lengttl

> 10o mm) were used in the analysis. Abbreviations: MEL, melanistic; NON, nonmelanistic.

pattern on the carapace or plastron. These diilcrences in
the degree and progression of melanic involvement arc

perhaps not surprising, given the paraphyletic nature of
West Indian Trachemls (Seidel, l9BB).

Variation in Size, Age, and Relative Abundance

Information presented and reviewed thus far suggests

that ontogcnetic melanism, typified by T. scripta, is associ-

ated with large body size or advanced age. This tentativc
conclusion has not always becn supported in the litera-
ture. Barbour and Carr ( I 940) suggested that the onset of
melanism in Trachemls was not size- or age-dependent but
rarely occurred in males smaller than 150 mm, and Hulse
(1976) found no corrclation between size and ventral
melanism rn Kinosternon sonoriense.In contrast, the devel-

opment ofjuvenile plastral melanism in Chelonia mltdas is

entirely dependent on size and not age (Balazs, 1986).

Lovich et al. (1985) observed that larger and prcsumably
older Chinemls reet)r,sii exhibited increased levels of plastral
melanism (also see Table 19.4) . Cagle (l94Bb) reported

that all male 7. scripta greater than 170 mm in an Illinois
population were melanistic. Minimum sizes of ?". scripta at

attainment of full melanism were compiled by McCoy
(1968) for various populations and ranged from 100 to

152 mm (Table 19.3). These contradictory data illustrate
the state of uncertainty regarding the onset of mclanism.

Dctailed analysis of eight South Carolina populations
of T. scripta with different growth rates allows insight into
the timing and variation of melanic change within a small

geographic area (Table 19.5). Sexually mature non-
melanistic males range from 100 to 243 mm in plastron
length, and melanistic males from 104 to 226 mm PL.
This extensive ove rlap is a reflection of at least two factors,
First, our data do not discriminate between the various
levels of melanism. Thus, a turtle showing only very earlr'
signs of melanic development is still classified as melanis-
tic. Second, although a substantial portion of the adult
male population may be melanistic, some individuals ap-

parently retain thcjuvenile pattern throughout life or de-

velop melanism much later than others. The mean size of
melanistic males from all populations is 175 mm PL.
Melanistic males from fast-growth populations on Capcrs
Island (Gibbons et al., 1979) and in Par Pond (Gibbons e t

al., 19Bl ) have a mean size of 191 mm PL, whereas those

in slow-growth populations (Gibbons et al., l981) have a
mean of 167 mm PL. Based on a cumulative frequencr'
distribution of body size, B07o of the melanistic males in
the Ellenton Bay population attain their condition br
170 mm PL. In Par Pond a similar pcrcentage attain their
condition by 190 mm PL. The mean body size of non-
melanistic malcs in all populations is less than the valucs
reported above. The mean body sizes of melanistic males

are all larger than 100 mm PL; the approximate size at

which maturity is reached in all populations (Gibbons et

al., lg8l; Table 19.3). In northern Alabama all males

larger than about 150 mm PL exhibit at lcast some of the

characteristics of melanism. These wide-ranging values

among populations suggest that melanic development in
T. scripta is not strictly size-dependent.

Llfe Historl and EcoLop of the SLider Turtle



DEVELOPMENT AND SIGNIFICANCE OF MELANISM

Limited data on the actual age of melanistic males in
the slow-growth populations of Lost Lake and Ellenton
Bay suggest a mean of 14.8 years (range : 7-24,// : l2).
In Par Pond, melanistic males have a mean age of B.B
years (range : 5-lB, 1/ : 20). Nonmelanistic males in
slow-growth populations have a mean age of 5.7 years
(range : 4-24, N: 293). The dramatic di{ference in the
mean timing of melanic development between slow-
growth populations and Par Pond populations suggests
that the phenomenon is not age-dependent either. The
onset of melanism also appears to be dissociated with the
age at which males attain sexual maturity. Males in Ellen-
ton Bay reach sexual maturity in 4 to 5 years, whereas
those in Par Pond may mature in only 3 to 4 years (Gib-
bons et al., l98 I ). The difference between sexual maturity
and the mean age of melanistic males in Ellenton Bay is
about l0 years. The di{Ierence in Par pond is about 4
years.

Sexual maturity in male Trachemls of the scripta sub-
group is evidenced by androgen-dependent foreclaw ancl
tail elongation (Evans, 1946, l95l, 1952; Cagle, l94Ba).
The elongated foreclaws are used during courtship be-
havior (Cagle, 1950). In our sample of I3l male T. scripra
collected in Alabama during the recrudescent period,
melanistic males (ly': 45, claw length/carapace length :
l0.l -f 0.17) diflered from nonmelanistic males (i/: 86,
clawlength/carapacelength: ll.9 + 0.16; l:6.99,df :
129, p < .001). Three of 32 nonmelanistic males under
120 mm PL had loreclaws longer than l6 mm, as did 20 of
5l nonmelanistic males bctween l2l and 160 mm pL; 30
of 45 melanistic males had foreclaws lonser than l6 mm.
Furthermore, the largest absolute claw leneths measured
in each group were lB.9 mm (175 mm pL) in a melanistic
male and 17 .7 mm (125 mm PL) in a nonmelanisric male.
These results suggest that foreclaws may increase in
length very slowly, ifat all, after males become melanistic.
Plots of claw length vcrsus plastron lcngth for Ellenton
Bay and Par Pond T. scripta again demonstrate that mela_
nism occurs at different body sizes in populations with
di{Ierent growth rates (Fig. I9.4). Two other associations
can be seen. First, the advent of melanism is coincident
with population-specific female size at maturity. This un_
usual relationship is also reflected in the mean plastron
Iengths of melanistic males given in Table 19.5. In Ellen_
ton Bay and all other slow-growth populations, females
mature at about 160 mm, and in par pond and Capers
Island populations, females mature at about 200 mm
(Gibbons et al., lgBl). The mean body sizes of melanistic
males closely match these respcctive values. Second, as
suggested by data from the Alabama population, mela_
nism is coincident with maximal claw leneih. The associa_
tion betwecn androgcn-depe ndent claw leneth and mela_
nism provides circumstantial support for a hormonal
mechanism of melanization of Z. scripta.

Overall, melanistic males are raiely more abundant
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^Qa

Ellenton Bay
(258 Hidden Observations)

120 140 200 220 240

Par Pond

Hidden Observations)

200 220 260 280
PLASTRON LENGTH (mm)

Frcunr 19.4. Relationship between foreclaw length and body
size in two South Carolina populations of Trachemls scripta. Sev-
eral outliers (questionable data points) were removed.

than nonmelanistic adult males in a given population
(Tables 19.3 and 19.5). However, melanisric males may
predominate in larger size classes (Fig. 19.5). Ratios of
melanistic to nonmelanistic sexually mature males in Ta-
bles 19.3 and 19.5 range from 0.01 to 2.50 with a mean of
0.50. The value reported for Capers Island is unusual and
can be explained as a result of size-spccific predation.
Smaller turtles in this relatively vcgetation-free habitat
are presumably preycd upon by alligators and eliminated
disproportionately (Gibbons et al., 1979). This has re-
sulted in a population composed primarily of very large
turtles. In the case of males, this includes mainly large
melanistic specimens; hence the inverse ratio observed.
Deleting this unusual value gives an overall mean value of
0.30. The proportion of melanistic versus nonmelanistic
males varies significantly among the populations shown
in Table 19.5 (contingency table analysis: including
Capers Island, y2 : 42.2, p < .001; excluding Capers
Island, X2 : 27 .l ;1 < .00 I ) . These di{ference s may be due
to sampling error, differential mortality, or diflerential
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Frcunr 19.5. Size frequencv distributions for sexually mature

melanistic (dark bars) and nonmelanistic (shaded) male Trach-

emls scripta lrom two populations in South Carolina. Data are for
multiple-capture animals and are based on last capture. Nlid-
points ofeach interval are shown.

interpopulation movement pattcrns in the two male color
morphs.

Physiological Basis of Melanization in
Male Trachemys scripta

There are basically two typcs of melanization sccn in ver-
tcbrate animals: (l ) physiological color change, an acute
phcnomenon of rapid darkcning (or lightening) typically
studied in amphibians or lizards, and (2) morphological
color changc, a permanent or long-term darkcning that
occurs with age, season, or some other variable (Bagnara

and Hadley, 1974). It is the latter type that concerns us

here, spccifically the causes and consequences ofdarken-
ing in older adult, mostly male, emydid turtles.

flormonal Basis of Melanization in Vertebrates

Previous study of thc controlling mechanisms of mclaniz-
ation has concentrated on sevcral hormone systems

known to aflect the cellular processes involvcd in dark-
ening. Specifically, these hormone systems may affect the

prolilcration of melanin-containing pigment cells (me-

lanophores), the dispersal of melanin pigment granules
within thc melanophores, and the donation of melanin
granules by melanophores onto keratinized cells with-
in the skin'by cytocrine deposition (Baden et al., 1966;

Bagnara et al., l968; Chavin, 1969; Bagnara and Had-
ley, 1974) . Furthermore, hormonal control of melani-
zation may be complex, with hormones acting sepa-
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rately, synergistically, or antagonistically. In addition.
melanization is ailected by the distribution and dispersal
of piernent cells, processes that are known but are iittle
understood.

Hormonal studies of color change in reptiles have con-
centrated on the physiological color change seen in,4no-
/is lizards (Goldman and Hadley, 1969; Basnara and
Hadley, 1974); there is comparatively littlc in the litera-
ture on the physiology of reptilian morphological color
change. Hormones recognized to be involved in the reg-
ulation of morphological color change include the follorr -
ing (for general reviews, see Basnara and Hadley, 1971.

and Norris, l9B0): (l ) pituitary gonadotropins-se asonal
breeding colors in birds (Ralph, 1969), melanization in
African weaver finches (Segal, 1957), beak demelani-
zation in Lal Munia (Thapliyal and Tewary, 196 I :

(2) pituitary hormones other than gonadotropins-
melanocyte-stimulating hormone, MSH, induces me-
lanocyte dispersion, and hence darkening, as wcll a.
coat color deposition in mice (Bagnara and Hadler .

1974), and corticotropin, ACTH, exerts a similar darke n-
ing effect (Norris, 1980); (3) pineal melatonin-blanches
melanophorcs in a varicty of vcrtcbrates (Bagnara anr:

Hadley, 1974) and reverses the gonadotropic effects or.
plumage in Lal Munia (Gupta ct al., l987); (4) sterorc
hormones-estrogens induce the female color in brorr'r,
leghorn chickens (Trinkhaus, l94B), androgens promor,.
the black portions of male coloration in fencc lizarci.
(Kimball and Erpino, l97l), androgcns inducc the darf:
bill of the malc house sparrow (Witschi and Woods. l93t :

Witschi, l96l), and prosesterone (or ovarian androsel
induces the characteristic coiors in gravid or recentll or"-r-

Iated iguanid lizards (reviewcd in Coopcr, l9B4); (5) thr -

roid hormones-thyroxinc (Ta) and triiodothyronin.
(T3) have been implicatcd in a variety of skin function.
including developmcntal processes, especially in sali-
mandcrs (Bagnara and Hadley, 1974; Norris, l9B0). an::
molting in both birds (Paync, 1972) and squamate rc:r-
tiles (Chiu et al., l9B3; Madcrson, l9B4); thyroidccton'-'.
results in bill lightening in the house sparrow, but tcsrli-
terone, even at very high doses, is unable to darker.r rl-'
bills of thyroidectomized birds (Lal and Thapliyal. 198-
T4 can inhibit gonadal recrudescence and LH-dcpend, r

brccding plumage in Lal Munia (Thapliyal and Gupr,,
l 984).

Although each of the above hormone systems ma\' .1 -

independcntly, there is evidence of considcrablc inte r.'L --

tion among them. For example, thyroid hormones car-.

affect levels of corticosteroids (Holmes and Phillip.
1976). In chickcns, corticosteroids and ACTH deactiva:
thyroid hormones, depressing plasma levels of T4 and 'f
(Decuypere et al., l9B2). Both thyroid hormones :ir...
corticosteroids may aflect food intake as wcll as nutricr-
storage and mobilization. In chickens, fasting mav rc\u.
in reduced rhythmicity of plasma thyroid hormoncs. er.

Par Pond
N= 573
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even the sight offood can depress corticosteroid levels in
chickens (Sharp and Klandor{I, 1985). Furthermore, lev-
els of corticosteroids, androgens, and other hormones of
direct importance in reguiating coloration can be pro-
foundly affected by social factors (Leshner, l978; Norris,
I9B0). Thus, hormone interactions may cause nutritional
and metabolic factors, social organization, and sexual and
agonistic behaviors to have profound e{fects on mor-
phological coloration.

Therefore, in examining possible mechanisms of the
morphological color change in male Trachem2s scripta,
we investigated differences between nonmelanistic and
melanistic males in (l) the timing and cxtcnt of gameto-
genesis, (2) pineal morphology, and (3) measures of cncr-
gctics. Any differences in thcse variables might rcflect
undcrlying differences in (l) gonadotropins or sex ste-
roids, (2) melatonin, and (3) thyroid hormones, corrico-
tropin, or corticosteroids.

Comparison of Melanistic and Nonmelanistic
l/|.ale Trachemys scripta

TIMING AND EXTENT OF GAMETOGENESIS

In northern Alabama, T. scripta appears to be exclusively
a spring breeder (Gross, l986), but in othcr areas this
spccies may brecd in both spring and fall (Cagle, 1950;
Moll and Lesler, l97i; Lovich, pers. obs.). In most sea-
sonally breeding vertebrate s in temperate regions,
gametoscnesis in both sexes precedes breeding, so mating
occurs when ova and spermatozoa are mature (van-
'fienhoven, l9B3; Crews, l9B4) . However, in many rep-
tiles, as well as in an assortment of othcr vertcbrates,
gametogenesis in one or both sexes occurs at a timc other
than the time of breeding (Volsoe, 1944; Crews, l9B4;
Silva ct al., l9B4). This dissociated condition (Crews,
l9B4) occurs in male but not female T. scripta in north-
ern Alabama (Gross, l986). In this popuiation, sper-
matogenesis occurs in the summer and early fall, and
vitellogenesis is not complcte until spring. Thus, a study
o{'the gametogenic function in male T. scripta requires an
analysis ofboth spcrmatogenesis and spcrm storage.

Spermatogenesis in seasonally brecding vcrtebratcs
can be dcscribed on the gross anatomic level by changcs in
testicular size, and at thc microscopic level by changes in
thc size of thc scminif,:rous tubulcs, in the extent of sper-
miogenesis (the maturation of spermatozoa from sper-
matids), and in the movement of spermatozoa from the
testes. Testicular mass in monthly samples of male
T. scripta in northern Alabama di{Iered over the year
(melanistic, F: B.32,df :9/40,p < .001;nonmelanistic,
F : 5.43, d{: l0/67,1 < .001) and was greatest during
summer and fall (Fig. 19.6). Testes of mclanistic males
were large st during August, whcreas testes of nonmelanis-
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FIcunn 19.6. Monthiy variation in relative testis mass of non-
melanistic (open circles, dotted lines) and melanistic (solid cir-
cles, solid lines) male Trachemys scripla collected in northern Ala-
bama. Relative testis mass was calculated by dividing the wet
mass (g) of both freshly dissected testes by the plastron length
(mm) and multiplying by 100. The numbers of individuals
examined, by month and color phase (nonmelanistic, then
melanistic), are as follows: Jan.: 4,3; Feb. : 9, 1; Mar. : 5, 3;

Apr. : 5, 6; May : 4,O;June : 13, lO;July : 14, B; Aug. : 11,

7; Sept. : 7, 6; Oct. : 5, 10; Nov. : B, 2; Dec. : 0,0. Means t
SE are shown. Data are from Gross (1986) and Garstka et al.

(pers. obs.).

tic males were largest during September, and melanistic
testis mass exceeded nonmelanistic during August and
September (l : 3.08, df : 29, p < .005). Seminiferous
tubule diameter in the testes di{Icred also in thc same
monthly samples (melanistic, F : 7.08, df : B/33, P <
.001; nonmclanistic, F : 5.47,df : 9/36,p < .001; Fig.
19.7). Seminiferous tubules of both meianistic and non-
melanistic males were largest in the September samplc,
but were not significantly di{Ierent in size (l : 2.02, df : B,

.10 > p > .05). Both nonmelanistic and melanistic malcs
exhibited transforming spcrmatozoa in the semini{'erous
tubules beginning inJuly and lasting, at a much reduced
level, throueh February (Fig. l9.B).

To determine if there was an effect ofgonadal hormoncs
on scute melanization, we made use of an observation of'

Gross (1986). He castrated male T. scripta in his studies of
sperm storage and activation and noted that shcll tissue
sometimes regeneratcd to fill the holes in the carapace madc

during castration.'Ihcse holes were normally capped with
thc rcmoved shell piece and sealed with epoxy putty
(Lawson and Garstka, I985; Gross, l986). In some ani-
mals the old shell did not hcal but was replaced entirely by
ncw shcll from below. Thus. a short-term svstem was
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FrcupE 19.7. Monthly variation in seminiferous tubule diame-
ter of nonmelanistic (open circles, dotted lines) and melanistic
(solid circles, solid lines) male Tracltemls scripta in northern Ala-
bama. Tissues were fixed in Zenker's fluid, dehydrated in a

graded ethanol series, embedded in paralfin, sectioned at B lrm,
and stained with hematoxvlin and eosin. Seminiferous tubule
diameter was measured with an ocular micrometer; three tu-
bules per section and two sections per male were measured.
Group means were calculated from individual turtle means.
Group means t SE are shown. The numbers of males examined,
by month and color phase (nonmelanistic, then melanistic), are
as follows:Jan . : 4,I; Feb. : B, l; Mar. : 3, 0; Apr. : 5, 5; May
: 2, 0;June : 2, 3;July : 9, B; Aug. : 0, 7; Sept. : 4, 6; Oct. :
1,9; Nor,. : B, 2; Dec. : 0, 0. Data are from Gross (1986) and
Garstka et al. (pers. obs.).

available to examine thc effect of castration on carapace
coloration. Several such surgeries were performed, but
few turtles refilled thc holcs with shcll, and fcwer livcd
Iong enough to establish a color pattcrn. However, cas-

tratcd malcs seemed to replace the shell with its original
pattern: mclanistic with black shell, nonmelanistic with
stripcd shell.

PINEAL MORPHOLOGY

To determine if the pineal glands of nonmelanistic and
melanistic rnale T. scripta dtffered, pineai glands were dis-
sected from 29 males collected during the period ofgonad-
al recrudescence between August and November (Law-
son and Garstka, unpubl. data) . Measurcmcnts of pineal
mass were normalizcd to body size by dividing pineal
mass (mg) by plastron length (cm). Relative pincal mass
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Frcunr, 19.8. Monthly pattern of gametoeenesis in non-
melanistic (above) and melanistic (below) male Trachemls scriyt :

collected in northern Alabama. Tissues were fixed in Zenker's
fluid, dehydrated in a graded ethanol series, embedded in parai'-
fin, sectioned at B pm, and stained with hematoxylin and eosin.
The numbers of spermatozoa free in the seminiferous tubuies
and in the ductus deferentia were scored in each ofthree section:
foreachmaleas0: noneobserved, * : 1-100, ++ : 101-5(-ri .

and * * + > 500. A similar numerical scale was used to estimat:
the number of spermatozoa transforming within the sent:-
niferous tubules. The numbers of testes examined, by month an.:i

color phase (nonmelanistic, then melanistic), are as follows:.Ja:,
: 4,2; Feb. : 9, 1; Mar. : 4, 3; Apr. : 5,6; May : 2,2;Ju1e -
2, 3;July : 10, B; Aug. : 6, 7; Sept. : 4, 6; Oct. : 4,9' No\'. : :r

2; Dec. : 0, 0. Median scores of each sroup are shorvn. Data ar..
from Gross (1986) and Garstka et al. (pers. obs.).

did not diffcr bctween nonmelanistic (0.212 -t 0.027,.\":
15) and melanistic (0.tZg * 0.025, l/: 14) males (t:
0.90, df : 29, p > .35). Histoloeical anaiysis of 7 pr-n:

para{Iin sections staincd with hematoxylin and eosin ri-
vealed no obvious morphological diilerence bctween tir.
two groups of males.

To determinc if there was an c{fect of the pineal c,:-,

carapace color pattcrn, a pilot experiment in which l,:
males wcrc surgically manipulated was perlormed (Lar. -
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DEVELOPMENT AND SIGNIFICANCE OF MELANISM

'I'able 19.6. Monthly variation in energy use and availability in male Traclwn.ls suipta collected

from Limestone Couniy, Alabanla, as m6asured by circulating ievels of nutrients

foral serum protein (g/100 ml) Total serum lipid (m9100 ml) Serum glucose (ng/100 ml)

MEI MELNON MEL

169
+4

1'.7 5

si t zgs
344 t 212
416 t 105

297 + 69

324 ! 41

184!7

232 t 91

(1) 206 ! 72

(3) 153 * 88
(6) 139 ! 92

83149
(10) 448 + 2'15

(8) 231 + 223
(7) 155 j: 80
(5) 300 t 46
(e) 27s + 62
(2) ze4 t 30

Jan.

Feb.
Mar.

May
June
July

Oct.
Nov.

,. . 0., (9)
2.4 ! Q.5 (s)
2.8 t 1.3 (5)
2.1 + 0.? (4)
4.9 + 0.4 (10)
3.3 + 0.2 (12)
3.6 + 0.3 (10)
3.6 + 0.5 (4)
3.0 1 0.6 (5)
3.s * 0.3 (8)

2.1 + 0.4
2.7 + 0.3

4_3 I 0.3
4.2 + 0.?
4.0 = 0.3

3.2 + O.3

3.8 + 0.2
2.9 + 0.3

13s a 141 (8)
1.19 + 72 (5)
z5z + 42 (5)
56 a 70 (4)

200 +'t4 (9)
r12 + r7 (12)
77 + 21 (10)
35 + 2s (4)

107 + 50 (5)
138 + 80 (8)

+ 42 (2)
(1)

+ 200 (3)
! 49 (6)

259 + 17 (5)
zoo + 20 (8)
48 + 27 (1)
'73 + 29 (6)

169 + 59 (9)
169 ! 42 (2)

(5)
(e)
(s)
(s)
('l)

(10)
(12)
(10)
(a)
(5)
(8)

(4)
(8)
(7)
(6)
(e)
(2)

Sources'. 'ferrell and Garstka, 1984i Gross, 1986; Garstka et al., pers. obs.

Nate: Serum protein was measured by the biuret reactionj serum glumse by the o-toluidine reaction, and total serum lipid by the sulfuric acid-vaniliin reaction (all

methods in 'I'tetz, lgBZ)- Iuriles were killed by decapitation imm;diarely ift". *ptur". Blood was collected, allowed to clot on i€ and at 5" C overnight, and

centriiuged, and the serum was stored at -20' i until 
-tested. 

Means I 'SE 
are shom, with sample size in parentheses. No turtles were ollected in December'

Abbreviations: MEL, melanistic; NON, nonmelanistic.

son and Garstka, unpubl. data). Seven males wcre
pinealectomized and castrated, two were pinealectomized
and sham-castrated, five were castrated and sham-
pincalcctomized, and four were simply castrated. Biopsie s

were removed from the healing wounds in the shell of the

animals, which died between 9 and 67 days lollowing
surgcry. However, only three animals survived more than
30 days, and of thcm only one was pinealectomized. It was

a melanistic male (169 mm PL) that dicd 67 days after
surgery, and it showed defrnite linear arrays of melano-
phores in the regcnerating shell. Details of the role that the

pineal complex plays in vertebrate color change are re-

viewed by Ralph et al. (1979).

ENERGETICS

Seasonal cycling of nutritionally important moleculcs and
of the sizc of metabolically important organs has been

reported in many reptilc species (Dessauer, 1955; Hutton
and Goodnight, 1957; Masat and Musacchia, 1965;

Emerson, 1967; Telford, 1970; Aleksiuk and Stewart,
l97l; Brisbin, 7972; Goldberg, 1972; Dcrickson, 1976;

Garstka et al., l9B3; Silva et al., l9B4; and othcrs). We
sought first to make comparisons of the cycling of'serum
protein, serum lipid, and serum glucose, especially during
critical breeding and recrudescent pcriods. Because we

had already seen differenccs in gametogcnic function bc-

tween melanistic and nonmelanistic males, we hypoth-
esizcd that cnergetics might bc more pronounced during
reproductively important pcriods. Monthly samples of
nonmelanistic and melanistic males were analyzcd (Table
19.6). Although serum protein of both nonmelanistic (F:
3. i l, df : 9162, p < .005) and melanistic (,F : 6.17, df :
8l+2, p < .001) male s varied ovcr the year, the re was no

LiJi Ilistorl and Ecologlt ofthe Slider Turtle

di{Ierence between the color phases during either the

April breeding period or the July-september period of
testicular recrudescence . Serum lipid of nonmelanistics (F
:3.44, dt: 10164,1 < '005) varied over the year, but

comparisons with melanistics were complicated by the

lack of spring samples for melanistics. Serum glucose of

both nonmclanistics (F: +.12, df : 9150,p < .001) and

melanistics (F:7.13,df : Bl3l ,p <.001)variedoverthc
ycar, and April brecding samplcs differed significantly

between melanistic and nonmelanistic males (l : 2.56. df
: B,p < .005).

Turtles do not have the gonad-associated fat bodies of
lepidosaurian reptilcs. Fat bodies of lepidosaurians have

been shown to vary in size inverscly with the gonads and

to provide an important nutrient storc for gonadal recru-

desccnce (Derickson, 1976; Crcws, 1979; but see Congdon

and Tinkle, 1982b; Long, 1985). However, bccause the liver

is so important in nutrient cycling, and because its size and

function have been shown to vary seasonally in reptilcs
(Dessauer, 1955; Emerson, 1967; Aleksiuk and Stewart,

1971; Goldberg, 1972), lve cxamined monthly liver sam-

ples of male T. scriptafor evidence of seasonai fluctuations.
Rclative liver mass (Fig. 19.9) varied amons thc sampled

months in both nonmelanistic (F : 5.20, df : 9170, P <
.001) and melanistic (F -- 3.62, df :9140, p < .005)

males. Although no difference was detected betwcen non-

melanistic and mclanistic males during recrudescence,

relative liver mass did differ betwecn malc groups during
the April breeding season (t : 2.85, df : 9, p < .02).

Total livcr protein, lipid, and glycogen were measured

in monthly samples of nonmelanistic and melanistic

males (Table 19.7). Neither significant variation among

monthly samples nor male group differences werc de-

tected in liver protein results. Total livcr lipid of non-
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Frcux.E i9.9. Monthly variation in relative liver mass rn non-
melanistic (open circles, dotted lines) and melanistic (solid cir-
cles, solid lines) male Trachemls scripta collected in northern Ala-
bama. Relative liver mass was calculated by dividing the wet
mass (g) of freshly dissected liver by the plastron length (mm).
Monthly means t SE are shown. The numbers of males exam-
ined, by month and color phase (nonmelanistic, then melanis-
tic), are as follows:Jan. : 0, 3; Feb. : 5, l; Mar. : 9, 3; Apr. :
5,6; May : 5,0;June : 14,S;July : 11, B; Aug. : 1, 7; Sept. :
7, 6; Oct. : 5, l0; Nov. : B, 2; Dec. : 0, 0.
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melanistic males did not difler among monthly samples.
but in monthly samples of melanistic males ir did (F :
6.2+, df : B/38, p < .001). No diflercnces in liver lipid
betwecn nonmelanistic and melanistic males werc cle-
tected durine cither recrudescence or breeding. Lir.cr
glycogen varied among monthiy samples of nonmelanistic
(.F: 3.18, df : l0l62,p < .005) but not melanisric malcs.
Liver glycogen further differed between male groups dur-
ing theApril breeding season (l : 3.83, df : 9, p< .00J,.

Cholesterol was also measured. Cholesterol mav Dro-
vidc additional insight into lipid cycling b..u.,r.'oi it.
connection with circulating lipoprotcin and bccause it
scrves as thc precursor for thc biosynthesis ofsteroid hor-
mones. Serum cholcsteroi was exprcssed as a fraction oi
total serum lipid (mg cholesterol per 100 ml dividccl br
mg total lipid per 100 ml; Fig. 19.10). The fraction oltotal
lipid as cholesterol di{fered betwcen nonmclanistic and
mclanistic males durins the rccrudescence pcriod (/ =
3.61, df: 55,p <.001). Testicularcholestcrol (Fig. l9.l l
also differed between the male sroups during recrudes-
cencc (l : 12.39, df: 68,p < .00i), butirwas the meianis-
tics that had significantly higher tcsticular choiesrcrol.
although thc nonmelanistics had significantll, higher
serum cholesterol. Melanistic males also exhibited testic-
ular cholcsterol levels higher than nonmelanistics clurins
the April brceding period (t : 2.96, df : B, p < .05).

Hypothesis of the Control of Melanism in
Male Trachemys scripta

There are consistcnt di{Ierences relating seasonal cncrgcr-
ics and reproduction in mclanistic and nonmelanistic
male 7. scripta sampled from northern Alabama. Durins
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Table 19.7. Monthly variation in metabolic stores and turnover as measured by total protein, total lipid, and glycogen mncentratlons
in tbe liver of male Trachemys scipta c0llected in northern Alabama

Toral prorein (g1m g) Toral lipid (mg/1m g) Glycogen (rmote/g;
Month NON MEL MEL MEL

(5)
(e)

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

0.06 + 0.03
0.90 + 0.11

o.s0 t o.tt
0.60 + 0.lt
0.50 + 0_07

0.50 + 0.02
0.30 + 0.09
0.80 + 0.14

0.60 + 0.08

0.90 + 0.12
0.70

0.90 + 0.13
0.40 + 0.03
0.40 + 0.06
0.40 + 0.04
0.60 + 0.10
0.70

314 + 90 (3)

218 ! 40 (3)
151 + 59 (5)

600 1 216 (4)
188 + 94 (8)
u4 + t4o (7)
435 + 168 (6)
442 ! 26 (9)
680 + 182 (z)

1.O2 + 0.22
1.20 + 0.50
0.80 + 0.30
0.38 + 0.20
0.93 + 0.40
0.59 + 0.25
0.86 + 0.r|8
0.65 + 0.23
1.18 + 0.57
1.08 + 0.41
1.18 + 0.06

011 r 0.17 (,1 r

0.06 + 0.04 (2.1

0.03 + 0.01 (6r

0.20 + 0.07 (5r
0.,14 + 0.32 (8)
0.30 a 0.07 (7)
0.06 a 0.12 (61

0.04 + 0.07 (9)
0.05 + 0.07 (2)

(e)
(10)
( 10)

(4)
(s)
(8)

(8)
(7)
(6)
(e)
(1)

(5)
(e)
fSr

(5)
(z)
(e)
r0)
10)

(3)
(5)
(8)

/1\

(3)
(1)

(5)
(e)
(s)
(5)
(3)
(e)

(10)
(10)
(4)
(4)
(8)

244 + 194
405 + 2m
334 + 406
633 ! 117
271 + 225
533 + 412
238+82 (
357 + 351 (
171 + 119

592 + 297
521 + 359

Sources: Gross, 1986; Garstka et al., p€rs. obs.

Note.' Turtles were killed by decapitation and exsanguinated, and the liver and other organs were removed. Liver mass was recorded; 3 g of liver tissue was
homogenized with 12 ml reptilian Ringer's saline and centrifuged; and 5 ml of the supernalanr was reserved for anatysis at -2.tr C. Supeinatinr totat protein *u
measured by the biuret reaction, and total lipid by the sulfuric acid-vanillin reaction (Tietz, 1982). clycogen was erhanol-precipitated fi;m a KOH dige'st unJ ,n.n
hydrollzed to gluco6€, which was measured colorimetrically with phenol-sulfuric acid (Montgomery, tl5z1.-ueans + SE aie strovn, wittr sample size in'parentbeses.
No turtles were collected in December. Abbreviations: MEL. melanistic: NoN. nonmelanistic.
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JJASOND
MONTH

Frcunl 19.10. Monthly variation in serum cholesterol as a

lraction oftotal serum lipid in nonmelanistic (open circles, dot-
ted line) and melanistic (solid circles, solid line) male Trachemls

scripta collected in northern Alabama. Serum cholesterol was

measured by the ferric chloride reaction after isopropanol ex-

traction, and total serum lipid by the sulfuric acid-vanillin reac-

tion (methods in Tietz, 1982). Means + SE are shown. The
numbers of males examined, by month and color phase (non-
melanistic, then melanistic), are as follows:Jan. : 4,0; Feb. : 9,

0; Mar. : 5, 3;Apr. : 5,6; May : 4, 3;June : 11, l1;Ju1y : 12,

B; Aug. : 10,7; Sept. : 4, 6; Oct. : 5,9; Nov. : B, 2; Dec. : 0, 0.

Abbreviations: CHOL, cholesterol; TOT, total.

the breeding period melanistic males exhibited signifi-
cantly lower levels of serum glucose, liver lipid, and liver
glycogen than nonmelanistic males. However, melanistic
males had signihcantly greater liver mass during that
period. These findings suggest that melanistic males may
have higher energy-use rates than nonmelanistic males

during the breeding period. Melanistic males further ex-
hibited higher (albeit not significantly) cloacal body tcm-
perature than nonmelanistic males during the breeding
period.

It is tempting to connect higher ratcs of energy devoted
to reproduction with the fact that testicular size during
recrudescence is greater in melanistic than nonmelanistic
males. Howcver, measured parameters of energy storage
and mobilization do not di{fer between melanistic and
nonmelanistic males during the recrudescent period. It is
only in measures of cholesterol that melanistic and non-
melanistic males differ during testicular recrudescence;
melanistic males have lower circulating and higher testic-
ular cholesterol than nonmelanistics.

Life Historl and EcoLogy of the SLider Turtk
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FIcutr 19.11. Monthly variation in testicular cholesterol in
nonmelanistic (open circles, dotted lines) and melanistic (solid

circles, solid lines) male Trachemls scripta collected in northern
Alabama. Cholesterol was measured by the ferric chloride reac-

tion (Tietz, l9B2) in l:5 wt./vol. testes homogenates in reptilian
Ringer's saline and is expressed as mg/testes. Means t SE are

shown. The numbers of testes examined, by month and by color
phase (nonmelanistic, then melanistic), are as foliows:Jan. : 5,

3; Feb. : 9, 1; Mar. : 5, 3; Apr. : 5, 6; May : 4,0;June : 13,

1 l;July : 12,B; Aug. : 10, 7; Sept. : 4, 6; Oct. : 5, 9; Nov. : B,

2: Dec. : 0. 0.

Because of the importance of cholesterol as a biosyn-
thetic precursor for steroid hormones, and because of the

differences found between melanistic and nonmelanistic
males in both serum and testicular cholesterol, we investi-
gated aspects of steroid hormone metabolism in both male
groups. We expected to find differences in the metabolism
of androgens, perhaps with increased convcrsion to es-

trogens (Callard et aI., 1977; vanTienhoven, l9B3) in
melanistic males. Conversion of the androgen testoster-
one to the estrogen estradiol occurs in neural and othcr
tissue, and the estradiol is thought to be the behaviorally
active hormone, inducing male sexual behavior (Callard
et aL.,1977; Leshner, l97B).

We approached the problem of androgen determina-
tions in melanistic and nonmelanistic Z. scriptawith sorne

hesitation. Like male T. scripta, garter snakes (Tham-

nophis) also exhibit dissociated gametogenesis, and pre-
vious extensive study of hormones and behavior in Tham-

nophis sirtalis showed no evidence that testosterone could
induce male courtship behavior, no correlation of cir-
culating testosterone and sexual behavior, and indeed no

necessity for the presence of the gonads (Crews, l9B4;
Crews et al., l9B4) . Our interest here with male T. scripta

was in hormone metabolism. however.
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Little is known directly about stcroid metabolism in
reptiles (Eik-Nes, 1969; Sandor, 1969; vanTienhoven,
l9B3). However) we do know that (l) turtles possess
aromatase enzymes to convcrt androgens to estrogcns
(Callard et al.,1977), (2) androgen levels in the blood are
generally highcst when testis size is greatest (Hews and
Kime, l97B; Courty and Dufaure, i9B0; Crcws et al.,
1984; Silva et al., l9B4; and others), (3) androgen levels
may be clcvated during the breeding season even though
the breeding season may be dissociated from testicular
recrudescence (Kuchling et al., l981), and (4) although
the basic pattcrn of steroid biosynthetic pathways seems
to bc consistent throughout the vcrtebrates, there is varia-

JEFFREY E. LovIcH' CLARENCE J. MccoY' AND WILLIAM R. GARSTKA n cHAprER t9

tion among rcptilian taxa in the importance of certain
paths, and the paths may vary seasonally (Bournc and
Seamark, l978; Bourne, l981; Bourne and Licht, l9B5l
Bourne er al.. l9B5).

We used gas-liquid chromatography to fractionate an-
drogen and estrogen extracts of blood serum, Iiver, and
testes collected from nonmelanistic and melanistic male
T. scripta during early spring emergence from hiberna-
tion, April breeding, and fall testicular recrudescence
(Garstka et al., unpubl; Table 19.8). This is the first re-
port of such a comprehensive examination of stcroid me-
tabolism in any reptile. Several results are striking: (l)
Testosterone was detected in only a few sample s of testis

Table 19.8. steroid hormones identified in blood sera, testes homogenates, and liver homogenates
of male Trrchettrys sciota calba1leA in northern Alabama

Emergence Breeding Recrudescence

Hormone MELNON NON MEL NON MEL

Androgen precursors in testes
Pregnenolone
Progesterone
17-OH-pregnenolone
17-OH-progesterone
20-OH-progesterone

Androgens in testes
Dehydroepiandrosterone
Androstenedione
Testosterone
Epitestosterone
Dihydrotestosterone

Androgens in blood serum
Dehydroepiandrosterone
Andrmtenedione
Testosterone
Epitestosterone
Dihydrotestosterone

Androgen metabolites in testes
Androsterone
Etiocholanolone
Epiandrosterone
Estrone
17-r-Esrradiol
FJtriol

Androgen metabolites in liver
Etiocholanolone
Androsterone
Epiandrosterone
Dihydrotestosterone

DET

DET

oer

DET

oBr

DET

DET

DET
DET

DET

":'

DET
DET

DF,T

oer

DET

o:'

DET
DET

DET

NET
NET

DET
DET

DET DET DET
DET DET DET
DET

DET -. DET

DET
DET
o:'

o:'

DET

per

DET

o:'

DET
o:' DET

o:'

DET

':'

':'

oer

DET

o:'

DET

DET
DET
o:'

DET
DET

DET

DET
DET
DET
o:'

DET
DET
DET
DET

DET
DET

DET

oer

DET
DET
o:'

DET
o:'

Notej Samples were Frooled to obtain sufficient data for analysis; nemergencen refers to F,ooled samples collected ftom
January through March during emergence from hib€rnation, 'breeding" refers to pooled samples mllected during the
April breeding period, and nrecrudescence" refers to pooled samples collected ftom August through October d;ring
annual testicular recrudescen€. Replicate pools were made: 4 nonmelanistic emergence pools, 2 nonmelanistic breedint
pools, 5 nonmelanistic recrudescence pools, I melanistic emergenc€ pool, 2 melanistic breeding pools, and 5 melanistii
recrudescence pools- Each pool was of the corresponding samples from the same thre€ males. For e'ample, pool SM3
(melanistic breeding) was of the sera of males 20fff.,2frf8, and Z)689, their liver homogenate pool was LM3, and their
testes homogenate pool was GM3. Tabulated results indicate that the hormone in quqstion was detected in at least one
pool (DET) or was not detected in any pool Cr. Steroids were anallzed by gasJiquid chromatography as rheir
trimethylsityl ether derivatives on a 3O-meter fused silica capillary column using a 16,ff-240'C temperature profile elution.
Steroid.s were identified bas€d on their retention time relative to the retention time of cholestane, a nonbiotogical steroid
us€d as an internal sEndard. Although quantification is possible with this.method, quantitative data are not reported
because the specimens were pooled. Abbrenations: MEL, melanistic; NON, nonmelanistic.
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and blood serum, (2) 20-OH-progesterone, an important
progesterone metabolite in the lizard Tiliqua rugosa

(Bourne and Seamark, l97B; Bourne, l98l), was rare in
male 7. scripta, (3) dehydroepiandrosterone (DHEA) and
androstenedione, which are androgenic precursors oftes-
tosterone, were identified in almost all serum and testis
samples, unlike findings for lacertid lizards (Hews and
Kime, l97B; Courty and Dufaure, 1980), (4) an-
drosterone, a metabolite (inactive?) of testosterone, was
present in all nonmelanistic testis and liver samples but
was not detected in any melanistic samples, (5) epi-
testosterone, an alpha stereoisomer of testosterone re-
ported in the lizard Tiliqua rugosa (Bourne et al., l9B5),
was detected in melanistic but not nonmelanistic serum
samples, and (6) although estradiol was not detected in
any sample, the estrogen estrone, which is the aromatiza-
tion product of androstenedione (Sandor, 1969; van-

25r

Tienhoven, l9B3), was detected in all groups of testis

samples.
These results clearly indicate differences in steroid me-

tabolism between nonmelanistic and melanistic male
T. scripta. Furthermore, they suggest that in male T. scrip-

la the biosynthetic conversion of androstenedione to tes-

tosterone to estradiol, found to be the most important
pathway in other vertebrates (vanTienhoven, l983), may
be supplanted by one of the following alternate pathways:
(l) androstenedione to cpitestosterone, (2) androstene-
dione to androsterone via androstanedione intermediate,
or (3) aromatization of androstenedione to estrone. This
situation could result from suppressing the activity of
l7-B-hydroxysteroid dehydrogenase, which catalyzes thc
conversions of androstenedione to testosterone and es-

trone to estradiol, and from regulating other enzymes dif-
ferently between nonmelanistic and melanistic males.

Ultimately, the question is whether these di{Ierences in
steroid metabolism account for the differences in color
pattern between nonmelanistic and melanistic male
T. scripta. Because the change from nonmelanistic to
melanistic apparently involves a suppression of dermal
melanocytes and enhancement of epidermal melanocytes
(Fig. 19.3), and because steroid hormones characteris-
tically interact with epidermal rather than dermal me-

lanophores, we suggest that steroid differences might in-
deed account for the color pattern differences between
melanistic and nonmelanistic male T. scripta. However,
castrated males regenerate their shell color pattern with-
out change, and shell regeneration in a pinealectomized
melanistic male exhibited Iinear arrays of melanophores.
Clearly, more experiments studying the eflects of various
treatments on shell color-pattern regeneration as well as

more study of steroid biosynthesis must be done. In addi-
tion, the behavioral and energetic effbcts of the steroids
identified in male T. scripta need clarification.

Adaptive Significance of Male Melanism in
Trachemys scripta

Thus far we have discussed the occurrence and ontogeny
of melanization in male T. scripta and have suggested a
possible hormonal mechanism for the phenomcnon. Yet
this question remains: What are the possible adaptive
functions of this dramatic color change?

Boyer (1965) tested the hypothesis that melanistic male
T. scripta; being black, would thermoregulate more efli-
ciently than nonmelanistic malcs. He found no di{Iercnce
in the rates of heating in his expcriments. In another ex-
periment, Terrell and Garstka (1984) obtaincd similar
results with l l size-matched pairs of males (Fig. 19.12).
In each case, nonmelanistic-melanistic pairs reached am-
bient air temperature within one minute of each other. In
contrast, Bustard (1970) suggested that the black carapa-
cial coloration of hatchling Chelonia mldas plays an impor-
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Frcunn 19. 12. Rate of warming of size-matched nonme lanistic
(open circles with dotted line) and melanistic (solid circles with
solid line) rmale Tracheml,,s scripta. Size-matched pairs ol T. scripta

males were placed in crushed ice and monitored by means of
a cloacal Yellow Springs Instruments thermistor probe until
equilibration at between 5" and 1 0' C . Both were set in adj acent
small arenas and the cloacal temperatures were recorded. En-
vironmental temperatures during the experiments were record-
ed (squares). In this typical example, no difference between the
melanistic and nonmelanistic size-matched males is seen in rate
of warming. Data are from Terrell and Garstka (1984).
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tant role in elevating body temperature while the turtle
floats at the surface. However, his results were based on
experiments using whitewashed turtles as a treatment
group, a most unlikely extreme in nature. Boyer (1965)
interpreted his findings as being consistent with the idea
that visible (to humans) wavelengths have little to do with
overall light absorption. As a further test, we measured
cloacal temperatures of a sample of 7 melanistic and l7
nonmelanistic males during the April breeding period
(females collected on the same date showed sperm in cloa-
cal lavages). No diflerence was observed (water tempera-
ture : 16.7"-17.8' C by depth, melanistic temperature :
17 .2" C -r 0.l5o, nonmelanistic temperature : 16.8" C ::
0.llo, r: 1.61, d{:22,0.2> p> .l).

Thermoregulatory efficiency might also be affected by
the shape ofthe absorbing surface. Thc ratio ofcarapace
height to carapace width was calculated for a sample of 12

nonmelanistic (82-159 mm PL) and B melanistic (l4l-
197 mm PL) male T. scripta. No diflerence was found
(nonmelanistic : 0.34 -f 0.009, melanistic : 0.36 +
0.007, t : l.59, df : 18, 0.2 > p > .1).

The possible role of color in reptilian thermoregulation
has been suggested many times (Parker, 1935; Cole, 1943;

Hutchison and Larimer, 1960; Norris, 1967; Bustard,
1970; Hamilton, 1973). Whether or not a dark-colored
turtle will heat faster or stay warmer than a lighter-
colored turtle depends on the complex interaction of the
absorption of solar radiation, metabolic heat gain, re-
radiation of heat in the thermal portion of the electromag-
netic spectrum> convective cooling, evaporative cooling,
and coriduction. In the case of T. scripta, we would not
expect a melanistic individual to heat more rapidly than a

normally pigmented turtle of the same size, because there
is little di{ference in their solar absorptivities. Normal
T. scripta vary in absorptivity from .86 to .90 (see Chap-
ter 22), whereas a melanistic individual would probably
have an absorptivity of about .95 to .97. Thus, thcre
would be only a slight difference in their rate of heat gain
from basking in the sun, and their rate of heat loss would
be the same. This would result in at most a very small
difference in body temperature. Even on a cold, clear day
with little wind the effect of this color difference on body
temperature would be minimal.

Boyer (1965) e{fectively laid to rest hypothetical func-
tions related to thermoregulation in turtles, at least inso-
far as melanism's increasing the rates of warming. Ernst
(1982) and Cloudsley-Thompson et al. (1985) noted the
prevalence of melanism among tropical turtles and sug-
gested that the opposite might be true: Black shells might
aid radiant heat loss. Ernst (1982) further suggested that
cloacal temperatures might be an inappropriate measure
of any energetic 'significance of melanism and that in-
creased activity during the cooler periods ofthe year and
decreased basking time might be alternative effects to

JEFFREY E. LOVTCH, CLARENCE J. MCCOY, AND WTLLTAM R. GARSTKA n CHAPTER 19

measure. Landers et al. (1982) noted a reverse latitudinal
cline in coloration of Gopherus pojphemus (darker in the
north) and suggested thermal adaptation as an explana-
tion. A thermoregulatory function has also been suegested
for the reticulate melanism observed in Chrlsemys picta
(Schueler, l9B3). We have shown energetic differences
between melanistic and nonmelanistic male T. scripta,b:ut
from our data it is impossible to determine if one is cause
and the other consequence or if both are effects of an
underlying, possibly steroidal cause.

A second possible function of melanism is protection
from radiation (McGinness and Proctor, 1973). Melanin
dissipates as heat the energy absorbed from light over a
wide spectral range lrom far ultraviolet through infrared,
as well as energy absorbed from free radicals. It seems
unlikely that light would penetrate a turtle shell, yet by
holding a turtle carapace to a light as if candling an egg it
is easy to demonstrate that it does. In addition, more
light is visible in areas lacking melanin pigmentation.
Bodenheimer et al. (1953) found that even ultraviolet ra-
diation below 300 nm passed through some animal tissue.
In an extensive study of light transmission through rep-
tile skin (mostly of desert lizards), Porter (1967) clear-
ly showed that although ultraviolet radiation could
penetrate lizard tissue, the black peritoneum of most
desert species blocked those wavelengths. In Cnemi-
dophorus and Eumeces, which lack the black peritone-
um, skin melanophores functioned similarly. Cloudsley-
Thompson et al. (1985) attributed darker coloration
of equatorial tortoises to protection from shortwave
radiation.

If protection is the function of melanism in larger male
T. scripta, why not in small males and females? What
is being protected? Male T. scripta exhibit dissociated
gametogenesis, with sperm being stored within the body
cavity from fall through the following April. Dissociated
gametogenesis and sperm storage have also been reported
in the closely related, and possibly conspecific (Pritchard,
I979; Iverson, l986), Pseudemlts dorbigni (Stlva et al., 1984).
Fall and early spring are the times of the year in which
increased basking by T. scripta is observed (Boyer, 1965;
Garstka and Terrell, pers. obs.). Thcrefore, melanism
might be a gamete protection device. This hypothesis is
further substantiated by the fact that the organ ofsperm
storage, the ductus deferens, is heavily melanized (Fig.
19. l3). Porter ( 1967) reported that diurnal snakes possess
the black peritoneum only posteriorly, and Neill (1974)
reported the highest incidence of black body linings in
snakes that are diurnal and arboreal. Snake gonads and
snake sperm storage areas are posterior (Camazine et al.,
l98 I ) . If gamete protection under conditions of long-te rm
storage in the male is a function of melanism, what about
the smaller yet sexually mature males?

Another possible function of melanism is communica-
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FIcuto 19.13. Photomicrographs showing the ductus deferens

of Trachemls scripta ftom Alabama. a, nonmelanistic individual;
D, melanistic individual.

tion. Although Madison (1977) has suggested that chemi-
cal cues are probably the primary mode of communica-
tion in turtles, he admits that visual cues cannot be

excluded. The importance of color and pattern in turtles
during behavioral interactions has already been sug-
gested (Bury and Wolfhcim, 1973; Schueler, 1983;

Lovich, l gBB). Ifvisual communication is important, then
perhaps it is the dark forelimbs and the distinctive Patte rn
of wavy lines and dots on the head and neck that are

important, because those features would be visible to a

female during the foreclaw titillation phase of courtship
(Cagle, 1950). But what would be communicated? Per-
haps male mating ability, an effbct of steroid hormones?

Sexual selection by females could possibly be expected
under this scenario and may ultimately be responsible for
the origin, maintenance, and enhancemcnt of the poly-
morphism. Alternatively, the development of melanism
may facilitate spccies recognition by prospective mates
(Moll et al., l98l). This would be particularly important
in areas wherc 7. scripta is sympatric with other similarly

LtJi Histor2 and EcoLogt ol the Slider TnrtLe
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patterned emydids (those with head and forelimb stripes)

such as Pseudemls Jloridana, P. nelsoni, P. rubriuentris,

Chr;tsemlts picta, and Deirochelts reticularia. It is of interest to

note that melanism is apparently infrequent in tropi-
cal populations of T. scripta where similarly patterned

emydids are rare or absent (Moll and Legler, 1971; also

see Chapter 7). Sexual dichromatism may also allow

males to recognize the sex of conspecifics. This has been

demonstrated for the lizard Sceloporus undulatus by Coopcr

and Burns (1987).

The idea that melanism might form an important social

cue indicating maturity or social status is not without
precedent. The ornithological literature in particular is

replete with examples. For instance, Harris's sParrows

show tremendous variability in winter plumage relatcd to

social status (Rohwer, 1975). In this case, blacker birds

are "studlier" (sensu Rohwer, 1975); that is, they are so-

cially dominant, presumably physiologically different,
and possibly endowed with greater sexual prowcss' Other
examples of the importance ofplumage polymorphisms in

avian social systems are discussed by Rohwer (1975),

Lawton and Guindon (t98l), Rohwer and Ewald (1981)'

Lawton and Lawton (1985, l986), and Whitfield (1987).

Whether melanism functions as a "badge signaling" de-

vice (Rohwer and Ewald, lg8l) in possible T. scripta

dominance hierarchies (Lardie, l9B3) remains to be

demonstrated.
Not surprisingly, behavioral differences have been ob-

served between melanistic and nonmelanistic turtles. The
first report of unusual behavior in melanistic male

T. scripta was given by Cahn (1937), who noted, "The
nonmelanistic 'elegans' is a rather quiet, inoffensive,

peaceful species, not given especially to snapping or pug-

nacious qualities in either sex; the melanistic'troosti', on

the other hand, frequently exhibits decided pugnacity."
Aggressive interactions among melanistic male T. scripta

were also reported by Lardie (1983). He observed that
groups ofturtles occupying pools in a stream habitat usu-

ally had one melanistic male that exhibited territorial be-

havior toward other males whenever they were present.

Under laboratory conditions, melanistic males were pre-

dictably aggressive to conspecific and heterospecific tur-
tles of about the same size and color. A possible domi-
nance hierarchy existed, and melanistic males dominated
over other males during courtship behavior. This lat-
ter observation requires further investigation. Kramer
(1986) reported that aggressive interactions between

Pseudemls nelsoni were initiated primarily by large melanis-

tic males.
Diflercnces in the behavior of melanistic and non-

melanistic malc mosquitofish (Gambusia ffinis) have also

been reported (Martin, 1977, l986)' Martin (1977) ob-

scrved that at high laboratory densities, melanistic males

were highly aggressive to nonmelanistic males and ex-
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hibited a clear dominance advantage during behavioral
interactions. Sexual activity was also elevated in melanis-
tic males at these high densities. However, in 120 separate
trials, females responded equally to both morphs when
given a choice (Martin, l986).

A possible explanation for why melanism is primarily a

male-only phenomenon in T. scripta may be associated
with diflerential terrestrial activity between the sexes.
Adult males may make extensive overland movements
between aquatic habitats, presumably in search ofmating
opportunities (Morreale et al., l9B4; Parker, l9B4). It is
likely that the bright pattern of stripes characteristic of
young males is overly conspicuous to potential terrestrial
predators. Thus, melanistic males may be more cryptic.
Given that melanism generally occurs in larger males, we
would expect them to move more frequently than smaller
males, ifthis hypothesis is correct. Data reported in Chap-
ter l6 appear to support this contention.

Conclusions

Although the phenomenon of ontogenetic melanism in
T. scripta is complex, certain trends and mechanisms are
now apparent. First, although the onset ofthis condition
was previously thought to be size-specific, data from pop-
ulations with diflerent growth rates clearly indicate that
the beginnings of melanic change vary concordantly. In
Par Pond, for example, males characteristically exhibit
signs of melanism at a plastron length of 190 mm, whereas
males in Ellenton Bay and all other slow-growth popula-
tions achieve the same condition at approximately 160 mm
PL. In addition, melanism appears to become evident in
Par Pond males at an earlier age and sooner after sexual
maturity than in Ellenton Bay males. Collectively, these
data on body size and age suggest that the onset of mela-
nism in T. scripta is related to population-specific growth
rates. Populations in environments favoring rapid growth
appear to become melanistic at an earlier age and larger
body size than populations in slow-growth conditions.

However, because size and age are confounded, these re-
sults do not necessarily rule out the possibility of an age-
specific mechanism. Of particular interest is that for all
populations we examined, the onset of melanism is coinci-
dent with population-specihc female size at maturity.
Whether this association is an artifact of age-related mela-
nism or of some complex feedback mechanism associated
with dominance hierarchies (Lardie, l9B3) or reproduc-
tive behavior is a question that should be asked in future
investigations. It is also of interest that the advent of mela-
nism is coincident with maximum claw length develop-
ment. Because claw elongation has been demonstrated to
be androgen-dependent, it is possible that the two pro-
cesses are interlinked, thus strengthening the argument
for a hormonal basis of melanization, as indicated in our
analyses. Alternatively, melanism may simply be a non-
adaptive by-product ofthe hormonal processes responsi-
ble for claw elongation.
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ample, although a large proportion of adult males in a
given population may become melanistic, others do not.
In addition, various studies have reported a tendency to-
ward the melanic condition in female T. scripta (Viosca,
1933; Conant, 195 l;Leglcr, 1960b; Webb, l96l;McCoy,
l968; Moll and Legler, 1971; Lardie, 1983). Thus, from
available data it is not clear if the phenomenon is related
to size, age, or even sex. To confuse the issue further,
several closely related species do not appear to exhibit
melanism, for reasons that are as yet unknown. Although
there are many unanswered questions with regard to
melanism in turtles, our objectives in this chapter are (l)
to review what is known about the occurrence and devel-
opment of melanism in turtles, (2) to suggest and test
possible mechanisms of sexually dichromatic melaniza-
tion in T. scripta that might bc applicable to other turtles,
and (3) to provide an understanding ofthe adaptive sig-
nificance of melanism in T. scripta.

In this review we compare melanistic with nonmelanis-
tic, but sexually mature, males and report the results of
experiments performed to test hypotheses generated by
our comparisons. All of these hypotheses have concerned
possible hormonal mechanisms that could explain the
melanization process. In thc case of T. scripta, a hypoth-
esis ofhormonal control would havc to explain the perma-
nence, the sexual dichromatism, and thc timing (not coin-
cident with gonadal maturation) of melanic changc.

Melanism and Turtle Taxonomy

The existence of melanistic forms of some species has been
responsible for numerous errors of classification. For ex-
ample, although melanism is well known in adult male
Cltinemys reeuesii (Sachsse, 1975; Lovich et al., l9B5), such
individuals were previously considered to be separate spe-
cies'. Damonia (: Chineryts) unicolor (Gray, lB73). Similar
problems, exacerbated by dramatic sexual size dimor-
phism, plagued taxonomists working with turtles of the
genus Trachemls for more than 100 ye ars. Early naturalists
recognized melanistic and nonmelanistic forms of West
Indian Trachemlts as di{ferent species, even though each
"species" was represented in collections as mostly males
or mostly females (DeSola and Greenhall, 1932; C.ant
and DeSola, 1934). Recognition of melanistic males as

Pseudemlts (: Trachemls) rugosa persisted lrom the original
description of Shaw (1802) until Barbour and Carr (1940)
revealcd thc true condition. According to Carr (1952),
Cuban provincials also recognized male and female T. de-

cussata as different turtles. Danforth (1925) reported that
Puerto Rican natives considered the green (nonmelanis-
tic) and black (melanistic) individuals of Pseudem2s pal-
ustris (: T. stejnegeri stejnegeri) to be distinct species, al-
though he found "intergrades" between the two.

A similar situation existed with 7- scripta, whereby a

melanistic obviously male-only lorm was described by

l-ocation
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Table 19.1. References to melanism in selected
populations of Trachemys saipta

Subspecies Reference Comment

Alabama
Illinols

Indiana
huisiana
North America

Mexico

Ohio
Oklahoma

Panama
South Cirolina
Texas

Virginia,
North C-arolina,
South Carolina

West Virginia

scnpta
elegarc

ekgare

'l:t

tayloi
Refer to lext
elegaw
elegans

"Panamanian"
scnpta
gaigeae

'!*

ekgare

16

2,4
9
15

I
5,7,14,77
zl
8
18

o
10,12
20
l-t
22
3
20
19

11

Both ,"*.a

Both ."*r.
Both sexes

Refer to texl
Both sexes

botn sexes
Both sexes

Both a"*.a

References: 1, Viosca, 1933; 2, Cahn, 1937; 3, Hartweg, 1939; 4, C_agle, 1948b:
5, C-agle, 1950;6, Crnant,1951;7, Carr,1952;8, t€gler,1960b;9, Smirh, 1961:
10, Webb, 1961; 11, Adler, 196&; 12, McCoy, 1968; 13, Moll and Irgler, 1971:
14, Ernst and Barbour, 1972;15, Minton, 1972; 16, Mount, 1975;17, Pritchard.
1979; 18, Smirh and Smirh, 1979; 19, Martof er al., 1980; 20, Iardie, 1983; 2i.
Ward, 1984; 22, this study.

Holbrook (1836) as Em1,ts troostii and the nonmelanistic
form was described as P. elegans (Wied, lB39). Viosca
(1933) concluded that the troostii form was based on
melanistic males, but herpetologists were slow to accept
the new proposal (Carr, 1952). The situation was furrher
complicated by temporary retention ofthe name P. troostii
(as a senior synonym) for turtles currently recognized a,s

T. scripta. Moreover, subsequent revisions at the sub-
species level resulted in usc of the trinomen Trachem-ts

scripla troostii for one of the geographic races of T. scriptt;
(see Chapter 4) . Far more detailed accounts of the tar-
onomic turmoil resulting from the failure of early her-
petologists to recognize the true nature of ontogenctir
melanization in T. scripta are found in Viosca (1933 .

Cahn (1937), Barbour and Carr (1940), and Carr (1952
More recently described variants such as Chelonia m1'da,

carrinegra (Caldwell, 1962b) and Plateml,ts plal,repha!t;
melanonota (Ernst, l9B3) are subspecies of otherwise non-
melanistic species and are characterized by unusual de-
velopment of dark pigmentation. In P. p. melanonota rht
melanic condition is well established even in juvenile s

(Carl Ernst, pers. com.). The Mexican trionychid Trion-.,,.

ater (Webb and Legler, 1960) is a derivative of T. spinrtri,,
distinguished mainly by the early onset and comple te de-
velopment of melanic coloration in both sexes. A thoroush
understanding of the incidence and development of me la-
nism is crucial in assessins the validity of taxa based c,:r

this character.

Life Historl and Ecology of the Slider Tt
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Table 19.3. Size and proportion of melanistic individuals in s€lected populations of Trachemys scipta

Plastron length (mm)

At attainment
of melanism

At
maturityl.ocation Minimum Mean MEL NON MEL/NON Sex Refercnce

Illinois

I-ouisiana
Oklahoma

Tennessee, Illinois
Ter€s
Texas, oklahoma

90-1m

= 100
. 166
.100

90-100
m-10f

t52
126
14V
145

t47
150
13tr

'y

177

165.

7
10

,:

I

55

88

;;

0.18
o.2a

o.or

M2
M3
M1
M6
F6
M5
M4
M4
M7

Norei Numbers are based on
nonmelanistic.

References: 1, Viosca, 1933; 2,
1983.

'C:rapace length (mm), rather
Dsize variable not specified.

b€st estimates from figures, tables, or text. Abbreviations: MEL, melanistic; NON,

Cahn,7937;3, Cagle, 19z8b; 4, C-agle, 1950;5, webb, 1961; 6, Mccoy, 1968; 7, krdie,

than plastron length.

turtles" and normally pigmented forms are sympatric in
parts of Polynesia as well as Guatemala (Pritchard, l97l ).

The second level of melanic expression' seasonal mela-

nism, has been most thoroughly studied in Batagur baska.

In this species, males develop black head and shcll pig-
mentation during the breeding season (Moll, 1980; Moll
et al., lg8l). A reversal of this phenomenon has been

reported in the close ly related Callagur bornelensis,whercby

some males become lightcr during the breeding season

because of a loss of epidermal melanosomes (Moll et al.,

lg8l). Although seasonal dichromatism has been re-

ported in other turtle species' such as Kachuga kachuga

(E. Moll, l9B6b), Geochelone trauancorica (Auffenberg,

1964), and Heosem2s siluatica (Groombridge et al., 1983;

but also see Moll et al., l986), these are the only examples

of seasonal melanism that we are aware of in turtles. The

complex mechanics and histology of these transmutations
are discussed in detail by Moll et al. (1981).

Reticulate melanism results from dendritic deposition

of melanin in epidermal scutes that is usually superim-

posed on a rclatively unchanged underlying pattern. This

phenomenon has been reported in several northern popu-

lations of Chrlsem2s picta ('fable 19.2) and is illustrated in

Agassiz (1857: plate 27) and Babcock'(1919: plate 24) for
male Pseudemlts rubriuentris. Other possible examples of this

phenomenon have been discussed by Schueler (1983).

The process is not progressive and may affect only the

oldest individuals in C. picta (MacCulloch, l98l); hence

the term "senile reticulate melanism." Once the pattern is

established, it presumably remains essentially unchanged

for the life of the turtle. Whether this type of melanism

a{Iects males and females alike is unclear.

The fourth and perhaps most familiar type of melanism

is the one we refer to as ontogenetic melanism. In this case

the development of the melanic condition is progressive .

generally occurs in males, and is associated with age or

body size. This type ofmelanization is best known in son.ie

populations of T. scripta and its allies (Tables l9.l-19.3
and is discussed below.

Other patterns of mclanic changc, not included in thc

four primary types noted above, have been reported ir.

turtlcs. Species such as Rheodltes leukops (Legler and Cann.
l9B0) and Gopherus berlandieri (Auflenbcrg and Weavcr.
1969) appear to become lighter with age, a reversal of tht
usual trend. This change is dramatic in male R. leukop'

and appears to result from a progressive loss of me lanirr

accompanied by subsequent replacement with brighter
pigments (Legler and Cann, 1980). Some large male lr.acli-

emlts lerrapen are reported to "assume an overall white col-

or," and thc plastral pigmentation of large female Trocli-

emlts scripta cataspila may fade out completely (Pritchard.
1979). Ontogenetic patterns of melanic plastral pigme nl
reorganization have been reported in juvenile Hau'aiiar-
Cheloniam2das (Balazs, 1986). In this case, hatchlings pos-

sess a white plastron that becomes diffused with black
pigmcnt at a length of about 6 to B cm. From this point or'.

the pigment fades, usually disappearing completelv br

l3 cm; formation and deposition of pigment are depen-

dent entirely on size and not age. Another example c,:

pattern reorganization apparently occurs tn Trionlx sf,i-

niferus. In this species the carapace pattern of adult fe-

males may be obscured by blotches of dark pigmen.
(Webb, 1962).

Finally, no discussion of melanism would be complett
without reference to such classic examples as "industrial
melanism" in moths (Kettlewell, 1965; Wickler, 1968.

Askew et al., l97l), other forms of reptilian melanic
proliferation or reduction associated with backgrounC
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