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ABSTRACT — A total of 140 museum specimens of 7 different species of sca snakes, Emydo-
cephalus ijimae, Hydrophis cyanocintus, H. melanocephalus, Laticauda colubrina, L. laticau-
data, L. semifasciata, and Pelamis platurus, were examined. Snout-vent length (SVL), head
length, head width, head depth, and tail length were measured. Females had larger SVLs than
males in 1. cyanocinctus and P. platurus. All head variables of females were larger than those of
males in L. semifasciata. Female head lengths were larger than those of males in P. platurus,
whereas males' head widths and depths were larger than those of females in /1. melanocephalus.
Tail lengths of male /. cyanocinctus, H. melanocephalus, and L. semifasciata were greater than

those of the respective females.
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INTRODUCTION

Since Darwin (1871) proposed the process of
sexual selection, interest in this area has led to
an examination of sexual dimorphism in a

variety of reptiles (e.g., Shine, 1978; Fitch, 1981;

King, 1989: Huang, 1996a). Sexual dimorphism
may result from inter-sexual selection, e.g.,
female choice, especially in frogs and toads;
Halliday (1983) and intra-sexual selection e.g.,
male-male competition (Madsen and Shine, 1994;
Huang, 1996b). Ecological divergence (Shine,
1989), adult survival rates (Howard, 1981) and
energy allocation to reproduction (Woodbright,
1983) also have important effects on the
evolution of body sizes of each sex of snakes and
have been discussed extensively. However,
sexual dimorphism in sea snakes has received
little attention, and its basis is open to discussion
(Pernetta, 1977).

Sexual dimorphism in snakes has been
described and discussed by Shine (1978) and in
light of sexual selection theory by Trivers (1972).
Male-male competition can act to increase the
size of males (Shine, 1978), whereas natural
selection can favor large size in females through
production of more offspring (Semlitsch and
Gibbons, 1982). Snakes are well suited for
analyses of ecological causes for the evolution of
sexual dimorphism because head sizes in this
group are important for feeding but not for
reproductive behavior (Shine, 1991). Although
several studies have reported excellent
descriptions of the morphologies, color in life,
skeletal characters, musculature of the venom
gland, heart and lungs, hemipenis, immunologies
and aggressiveness in Taiwanese sea snakes,
however, they have exclude discussion of sexual
dimorphism (Mao ef al., 1977, 1978; Mao and
Chen, 1980; Tu, 1987; Tu and Su, 1991), except
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for Tu and Lue (1990) who reported a short
description of the sexual dimorphism of
Latcauda semifasciata. The present study
records the sexual size differences of sea snake
in the collections of the National Museum of
Natural Science in Taiwan with the aim of
providing extensive data on the degree of sexual
size dimorphism in relative bodysize of sea
snakes in Taiwan.

MATERIALS AND METHODS

A total of 140 specimens of seven species of
sea snakes which occur in Taiwan were exam-
ined in this study. All specimens are deposited at
the National Museum of Natural Science,
Taichung, Taiwan. For each specimen the snout-
vent length (SVL) and the tail length (TL) were
measured to the nearest centimeter. Head length
(HL). head width (HW), and head depth (HD)
were measured to the nearest millimeter. Gender
was determined by examining everted hemipenes,
the shape of the tail, or by using a midventral
incision to examine the gonads. Juveniles or
specimens in which the internal organs were
missing or damaged were recorded as unsexed.

Data were analyzed separately for individual
sexes using the analysis of covariance
(ANCOVA) with SVL as the covariate to factor
out the effect of body size. Regressions were
calculated for each sex comparing HL, HW, and
HD against SVL. Comparisons of means of the
morphological variables were made with the
General Linear Models Procedure Least Square
Means. A value of probability less than 0.05 was
taken to indicate significance in comparisons of
means.

RESULTS

Because there were no male Laticauda colu-
brina or female L. laticaudata specimens in the
present study, sexual dimorphism was not de-
termined in these two sea snakes. Sample sizes
smaller than that of Pelamis platurus (n = 9)
were also ignored in regression analyses in the
present study. Only three species, Hydrophis

melanocephalus, L. semifasciata, and P.
platurus, were used for statistical calculations
herein. However, information from all specimens
examined is included to facilitate further study.
A total of 140 specimens of sea snakes were
examined. Analysis of covariance indicated that
the distributions of each head variable relative to
SVL were significantly different between sexes
in Laticauda semifasciata, as were head width
and depth in Hydrophis melanocephalus, and
head length in Pelamis platurus (text-fig. 1-3,
table 1).

General linear model analysis of mean values
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TEXT-FIGURE 1

Regression of head length (A), head width (B),
and head depth (C) versus snout-vent length
(SVL) for adult Hydrophis melanocephalus
(HM).
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TEXT-FIGURE 2

Regression of head length (A), head width (B),
and head depth (C) versus snout-vent length
(SVL) for adult Laticauda semifasciata (LS).

indicated that the distributions of each head vari-
able relative to SVL were significantly different
between males and females in L. semifasciata
(table 2). Head lengths of P. platurus females
were larger than those of males, as were head
widths and depth of female relative to male H.
melanocephalus. The mean SVLs of females
exceeded those of males in H. cyanocinctus, P.
platurus, H. melanocephalus, and L. semifas-
ciata, however, in only the first two species were
differences significant (table 2). The tail lengths
of males of H. cyanocinctus, H. melanocephalus,
L. semifasciata, E. ijimae, and P. platurus were

larger than those of females, however, in only the
first three species were differences significant
(table 2).

DISCUSSION

Sexual dimorphism in body size is common in
snakes, the female usually being larger than the
male (Shine, 1978; Fitch, 1981). Larger adult
female size may be due to faster growth related
to the necessity for females to carry large eggs
(Pemnetta, 1977) and/or has been attributed to
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Regression of head length (A), head width (B),
and head depth (C) versus snout-vent length
(SVL) for adult Pelamis platurus (PP).
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TABLE 1

Regression analyses of head length (HL), head width (HW), and head depth (HD) on snout-vent
length (SVL) for males and females of Hydrophis melanocephalus, Laticauda semifasciata, and

Pelamis platurus
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Species and
character with a b R? P n
SVL (intercept) (slope)
Hydrophis melanocephalus
HL
male -5.5 +0.32 0.254+0.04 0.84 0.0001 11
female 8.3 2.1 0.1220.03 0.48 0.0034 16
HW
male -3.484+0.54  0.13220.02 0.81 0.0003 11
female* 4661299  0.0510.02 0.18 0.089 16
HD
male -2.00£205  0.1020.02 0.73 0.0005 11
female* 258123 - 005:£002 0.32 0.02 16
Laticauda semifasciata
HL
male 6.79+3.00 0.21£0.03 0.63 0.0001 25
female* 733%+1.22 0.2340.01 0.94 0.0001 26
HW
male 4.681+1.76 0.162£0.02 0.75 0.0001 25
female* 0:90x1.52 0.231+0.02 0.90 0.0001 26
HD
male 6334155 0.09240.02 0.53 0.0001 25
female* 2.304+0.90 0.1540.01 0.92 0.0001 26
Pelamis platurus
HL
male 2244+582 0.161+0.11 0.22 0.20 9
female* 10554606 043+0.10 0.66 0.0025 11
HW
male 340198 020+0.04 0.80 0.0011 9
female -261+426 032+0.07 0.68 0.0019 11
HD
male 3234244  0.13£0.05 0.53 0.0256 9
female -1.15+436  0.2240.07 0.49 0.016 11

Note: Where sexual differences test (based on ANCOVA), regression models for both sexes are present.
An asterisk (*) indicates differences in slopes (p) of the regressions due to sex based on ANCOVA, with
SVL as the covariate.
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sexual selection for increased fecundity (Triver,
1972; Shine, 1994). The present results indicate
that body sizes of females of Hydrophis cyano-
cinctus and Pelamis platurus are larger than
those of males. The body size of the former spe-
cies was reported by Fitch (1981) with mean
SVL values in males and females of 137 cm and
175 cm, respectively, which are larger than those
of the present study. The body sizes of the latter
species were described by Kropach (1975) and
Shine (1994). SVLs of males and females of
Kropach (1975) were 45.2 mm and 48.1 mm,
respectively, which are smaller than those of the
present study, whereas in Shine's (1994) reported
that SVLs of males were 56.3 mm and of fe-
males were 66.4 mm, which are larger than those
of the present study. Although three reports
showed SVL differences between males and
females, female SVLs were usually longer than
males'. This deduction is coincide with Shine
(1986, 1994) who reported that larger body size
in aquatic snakes does not necessarily confer an
advantage in combat, because agility may be
more important than strength. Thus, SVL selec-
tion may be directed toward females. Studies of
the water snakes, Enhydris chinensis and E.
plumbea, by Pope (1935) and Huang
(unpublished manuscript) in which SVLs of fe-
males are larger than those of males agree with
such an opinion. Thus, further study is needed to
clarify sexual size dimorphism of sea snakes.
Significant differences between the sexes in
head size relative to body length are common
among snakes (Camilleri and Shine, 1990). Male
snakes which attain larger head sizes seldom
engage in male-male combat, and it seems un-
likely that larger head sizes in females of many
snake species have envolved primarily because
of advantages conferred by social interaction
(Camilleri and Shine, 1990). In other words,
sexual selection has not been important for the
development of differences in head sizes between
sexes. Shine (1991) comparing the head length
of two species of sea snakes, H. elegans and P.
platurus supports above description, Camilleri
and Shine (1990) also mention two hypotheses to
explain sexual dimorphism in head size among

snakes. 1) Adaptation. Modifications due to sex-
ual differences in diets (e.g., Voris and Voris,
1983) studying food habits of 39 species of sea
snakes, such as enlargement of the head in one
sex, serve as visual stimuli, perhaps in intras-
pecific or anti-predator display, and head en-
largement reflects selection for larger sensory
organs or brains in one sex. 2) Non-adaptation.
Dimorphism may be an accidential consequence
of hormonal effects during ontogeny (e.g., Shine
and Crews, 1988) studying the garter snake
Thanmnophis sirtalis), or a reflection of sexual
differences in diets, growth rates or thermal his-
tory during juvenile life. Although Mao and
Chen (1980) described several food habits of
Taiwanese sea snakes, the differences between
males and females can not be determined from
either their report or the present study. The food
items of these sea snakes need to be further
studied.

Male snakes typically have longer tails than
females (King, 1989). King (1989) advanced
three hypotheses to explain tail length differences
between sexes. 1) The morphological constraint
hypothesis: males have relatively longer tails to
contain hemipenes and retractor muscles. 2) The
female reproductive output hypothesis: females
have relatively shorter tails as a secondary result
of natural selection for increased reproductive
capacity. 3) The male mating ability hypothesis:
males have longer tails to favor courtship. Al-
though only Hydrophis cyanocinctus, H.
melanocephalus, and Laticaudata semifasciata
showed SVLs with significant differences be-
tween sexes, the tail length of all males of spe-
cies examined herein were longer than those of
females of the same species. Thus, the present
study seems to agree with King's. (1989)
predictions.

ACKNOWLEDGMENTS

The author is indebted Dr. R. Shine of De-
partment of Zoology, University of Sydney and
an anonymous reviewer for critically reviewing
and suggesting of the early drafts of the manu-
script. I am grateful to Mr. C. S. Chang,



Huang: Sexual dimorphism of sea snakes 1y

Division of Collection and Research, National
Museum of Natural Science, for assistance in the
laboratory. Thanks are also due to Mr. S. Y.
Chen, Mr. K. H. Chuang, Ms. L. M. Huang, Ms.
S. J. Wei, and Mr. Y. H. Huan for assistance in
specimen counting. | want to thank Y. B. Huang
for assistance in graphical drawing. Financial
support was provided by the National Museum
of Natural Science, Taichung, Taiwan.

REFERENCES

Camilleri, C. and Shine, R., 1990. Sexual di-
morphism and dietary divergence: differ-
ences in trophic morphology between male
and female snakes. Copeia 1990: 649-658.

Darwin, C., 1871. The descent of man and se-
lection in relation to sex. Murray; London.

Fitch, H. S., 1981. Sexual size differences in
reptiles. Misc. Publ. Mus. Nat. Hist. Univ.
Kansas 70: 521-532.

Halliday, T., 1983. Do frogs and toads choose
their mates? Nature 306: 226-227.

Howard, R. D., 1981. Sexual dimorphism in
bullfrogs. Ecology 62: 303-310.

Huang, W. S., 1996a. Reproductive cycles and
sexual dimorphism in the viviparous skink,
Sphenomorphus indicus (Sauria: Scincidae)
from Wushe central Taiwan. Zool. Stud. 35:
55-61.

Huang, W. S., 1996b. Sexual size dimorphism in
the five-striped blue-tailed skink, Eumeces
elegans, with notes on the life history in
Taiwan. Zool. Stud. (in press).

King, R. B., 1989. Sexual dimorphism in snake
tail length: sexual selection, natural selec-
tion, or morphological constraint? Biol. J.
Linnean Soc. 38: 133-154,

Kropach, C., 1975. The yellow-bellied sea snake
Pelamis in the Eastern Pacific. In: Dunson,
W. A. (ed.). The Biology of the Sea Snakes.
pp. 185-213. Univ. Park Press; Baltimore.

Madsen, T. and Shine, R., 1994, Costs of re-
production influence the evolution of sexual
size dimorphism in snakes. Evolution 48:
1389-1397.

Mao, S. H. and Chen, B. Y., 1980. Sea snakes
of Taiwan. NSC Special Publication, No. 4.

Mao, S. H., Chen, B. Y. and Chang, H. M.,
1977. The evolutionary relationships of sea
snakes suggested by immunological cross-
reactivity of transferrins. Comp. Biochem.
Physiol. 57A: 403-406.

Mao, S. H., Dessauer, H. C. and Chen, B. Y.,
1978. Fingerprint correspondence of hemo-
globins and the relationships of sea snakes.
Comp. Biochem. Physiol. 59B: 353-363.

Pernetta, J. C., 1977. Observations on the habits
and morphology of the sea snake Laticauda
colubrina (Schneider) in Fiji. Can. J. Zool.
55:1612-1619.

Pope, C. H., 1935. The reptiles of China, turtles,
crocodilians, snakes, lizards. Natural His-
tory of Central Asia, Vol. 10, xlii.
American Museum of Natural History,

Semlitsch, R. and Gibbons, J. W., 1982. Body
size dimorphism and sexual selection in two
species of water snakes. Copeia 1982: 974-
976.

Shine, R., 1978. Sexual size dimorphism and
male combat in snakes. Oeccologia (Berl.)
33:269-277.

Shine, R., 1986. Sexual differences in morphol-
ogy and niche utilization in an aquatic snake.
Acrochordus arafurae. Oecologia (Berl.)
69: 260-267.

Shine, R., 1989. Ecological causes for the evo-
lution of sexual dimorphism: a review of the
evidence. Quart. Rev. Biol. 64: 419-464.

Shine, R., 1991. Intersexual dietary divergence
and the evolution of sexual dimorphism in
snakes. Amer. Nat. 138; 103-122,

Shine, R., 1994, Sexual size dimorphism in
snakes revisited. Copeia 1994: 326-346.
Shine, R. and Crews, D., 1988. Why male garter
snakes have small heads: the evolution and
endocrine control of sexual dimorphism.

Evolution 42: 1105-1110.

Trivers, R. L., 1972, Parental investment and
sexual selection. /n: Campbell, B. Sexual
selection and the descent of man (Ed.). pp.
136-179. Aldine; Chicago.



120 Bulletin of National Museum of Natural Science, No. 7, 1996

Tu, M. C., 1987, Ecological study of the sea Voris, H. K. and Voris H. H., 1983. Feeding

snake, Laticauda semifasciata. M. S. thesis, strategies in marine snakes: An analysis of

National Sun Yat-sen University, Kaohsi- evolutionary, morphological, behavioral and

ung, Taiwan. ecological relationships. Amer. Zool. 23:
Tu, M. C. and Lue, K. Y., 1990. Reproductive 411-425.

biology of the sea snake, Laticauda semi- Woolbright, L. L., 1983. Sexual selection and

fasciata, n Taiwan. J. Herpetol. 24: 119- size dimorphism in anuran Amphibia. Amer.

126. Nat. 121: 110-119.

Tu, M. C. and Su, Y., 1991. The aggressiveness
of the sea snake Laticaudata semifasciata
in Taiwan. Bull. Inst. Zool., Academia
Sinica 30: 55-58. Revised manuscript accepted March 4, 1996

T T VIS I feft S 7R L B 5T
¥ b
=
AR IR BT B AR Y BB RAR 5 =08 E ~ IS - BuEmt - SEHENENE - 2R
TERGIE « FEA T BRI R e S R 140 K - IRSHRISIENWILE - EE - 069 - 68
RS - MR BRI R R Y VI LR L RE K o MM RS B B e 0 A T R 9 L I
R« WEVEREISIERVEE R LLRERE A - RTOREN: ORI O TE A0 B LM K - e IR e - HaE
SRHIEFIRE T P PRy eV B R e H I R -

BRERA - SERDRUE - SRV MBIERL - B



	199606-113
	199606-114
	199606-115
	199606-116
	199606-117
	199606-118
	199606-119
	199606-120

