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Pattern and Function of Sexual Dimorphism: A Biometric

Study of Character Variation in the Grass Snake
(Natrix natrix, Colubridae) Due to Sex and its
Interaction with Geography

R. S. THORPE

Sexual dimorphism and geographic variation in sexual dimorphism were in-
vestigated by univariate and multivariate biometric analyses of 139 characters
of the grass snake, Natrix natrix, represented by populations from throughout
its range. Whereas previous investigations have usually only considered one
character system, this one is a detailed biometric analysis of sexual dimorphism
in six character systems: color pattern; scalation; internal morphology; dentition;
body dimensions (size and shape); and dermal sense organs. About half the
characters show significant, but sometimes subtle, sexual dimorphism. These
characters are not evenly distributed across the character systems, there being
a notable paucity of sexual dimorphism in the color pattern indicating that it is
not instrumental in sexual recognition. Putative coadapted character constel-
lations appear to adjust female trunk morphology for pregnancy (large size,
robust shape, compatible scalation changes and reorganization of the visceral
topography) and male tail morphology for accommodating primary sexual or-
gans (large tail, small cloacal gland, and reorganization of tail proportions and
scalation). Other character constellations—serially repeated meristic features
(e.g., higher scalation and dentition counts in males), anterior internal mor-
phology, head and neck scalation and dermal sense organs—also show sexual
dimorphism. Relatively few (i.e., 15) characters show geographic variation in
the extent of sexual dimorphism. These characters are mainly from the scalation
but a few are from the internal morphology and dermal sense organs. The
reorganization of the sexual dimorphism in the Sardinian population is com-
patible with its “quantum” differentiation via a “bottleneck” whereas the simi-
larity of the sexual dimorphism between the main eastern and western phylo-
genetic lineages is compatible with their origin without a population bottleneck.
The latitudinal nature of the geographic variation in the extent of sexual di-
morphism, unlike the primary pattern of geographic variation, may indicate
adaptation to current ecological conditions.

THE grass snakes of the Natrix natrix species
complex are spread over most of the Pale-
arctic west of Lake Baikal. Across its range the
complex exhibits considerable local and geo-

graphical variation in the color pattern, sca-
lation, internal morphology, dentition, body di-
mensions and dermal sense organs (Thorpe,
1979, 1984a). In addition there are mean dif-
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ferences between the sexes in numerous char-
acters.

Studies of such secondary sexual dimorphism
in snakes have largely concentrated on single
character systems, most frequently body di-
mensions, such as trunk and/or tail length,
(Jackson and Franz, 1981; Goddard, 1984;
Shine, 1984; Crews et al., 1985; Wynn and Zug,
1985; and particularly Shine, 1978 and Fitch,
1981 and references therein), although scala-
tion (Dixon and Thomas, 1982; Grobman, 1984)
and internal morphology (Rossman et al., 1982)
have been studied. Some studies have looked at
more than one character system (Rossman, 1979;
Piak et al., 1979; Kminiak and Kaluz, 1983), but
no study, other than Thorpe’s (1975) superficial
overview of N. natrix characters, has to my
knowledge undertaken a comprehensive bio-
metric analysis of sexual dimorphism in a wide
range of character systems in snakes. Conse-
quently, I have conducted a comprehensive and
detailed biometric survey of sexual dimorphism
across a wide range of character systems (i.e.,
scalation, color pattern, internal morphology,
dentition, body dimensions and dermal sense
organs) of a single snake species throughout its
range. My aim is to increase the understanding
of the sometimes subtle morphological conse-
quences of primary sexual differences and roles,
to reveal coadapted character constellations that
may have developed in response to these dif-
ferences, and to reveal other patterns of sec-
ondary sexual dimorphism that may have no
very obvious, or indeed any, adaptational ad-
vantage. Furthermore, the pattern of geo-
graphic variation in the extent and nature of
the sexual dimorphism will be investigated.
Studies of both geographic variation and sexual
dimorphism are available, but the study of their
interaction is not so common. Although there
have been a few such studies in higher verte-
brates (Fonstad and Hogstad, 1981; Ross and
Baker, 1982; Ralls and Harvey, 1985; Saether
and Haagenrud, 1985), and also lizards and tur-
tles (Fitch, 1981; Iverson, 1985 and references
therein), they are rare for snakes.

METHODS

One hundred and thirty-nine quantitative
characters from six different character systems
(i.e., scalation, color pattern, internal mor-
phology, dentition, body dimensions and der-
mal sense organs) were measured and are listed

in Appendix 1. The first 82 of these characters
are largely independent of one another (i.e.,
have a low within-group correlation; Thorpe,
1976) whereas the remaining 57 are derived
from these (e.g., liver length in number of so-
mites is derived from the somite position of the
anterior and posterior tips of the liver).

These characters were recorded from geo-
graphic groups throughout the Palearctic. The
groups are compound localities which are tested
for homogeneity, numbered and mapped in
Thorpe (1973, 1979). The 41 groups used in
this study are given in List A, Appendix 2. Var-
ious subsets of these groups are used through-
out the study. Internal morphological charac-
ters were not recorded from gravid females,
where direct distortion due to displacement by
the eggs could have occurred.

The existence of sexual dimorphism, geo-
graphic variation, and geographic variation in
the extent of sexual dimorphism (i.e., interac-
tion between sex and geography) is assessed for
each character by a two-way ANOVA. Statis-
tical significance is taken as P < 0.01 of the null
hypothesis being correct. In order to maximize
the number of characters subjected to this two-
way ANOVA, a reduced set of groups was used
(24 pairs of groups representing most of the
range of all four subspecies; List B, Appendix
2). Even so, several characters (nos. 44-45, 47,
49-50, 54-55) could not be recorded from all
of these groups and so were subjected to a two-
way ANOVA across a smaller subset of groups
(i.e., List C, Appendix 2).

To adjust for size differences prior to the
ANOVA the body proportions (95-98) and a
linear measurement of the neck scales (22) were
regressed against trunk length (93) using the
pooled within-group regression slope (Thorpe,
1976). When considering the ‘“size” character
(93) it must be borne in mind that individuals
are continuously growing and unaged. When
the sexual dimorphism is shown by ANOVA to
be significant, an indication of its extent and
direction is given by the average and SD of the
female group mean minus the male group mean
across the 24 groups of List B, Appendix 2.

The pattern of geographic variation in the
extent of sexual dimorphism was analyzed by
taking the set of characters that show significant
geographic variation in the extent of sexual di-
morphism (i.e., a significant interaction be-
tween sex and geography) and computing the
Mahalanobis D between sexes per locality using
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this character set. The Mahalanobis D between
sexes for each group can then be mapped and
correlated with variables such as latitude.

The pattern of geographic variation in the
nature of the sexual dimorphism was investi-
gated by taking each character in the above set,
subtracting the female mean from the male
mean, for each group. The normalized char-
acter difference (¥3 — %¢) X group matrix is then
subjected to a principal component analysis
(PCA). The eigenvectors can be investigated for
character constellations, the individual princi-
pal components (PC) can be investigated for
geographic trends and the two main PC can be
portrayed as a scatter diagram to illustrate geo-
graphic variation in the nature of the sexual
dimorphism.

SEXUAL DIMORPHISM

General trends.—The two-way ANOVA reveal
that approximately half of the characters (i.e.,
67 out of 139) show sexual dimorphism (Table
1) but that they are not evenly distributed across
the various character systems. Sexual dimor-
phism is found in 100% of the four dentition
characters, 80% of the underived body-dimen-
sion characters, 52% of the underived scalation
characters, 50% of the two dermal sense organ
characters, 53% of the underived internal mor-
phology characters but only 5 of the color pat-
tern characters. Sexual dimorphism in some
character constellations can be explained on
functional grounds, whereas sexual dimor-
phism in other character suites cannot be readi-
ly explained. Even when differences between
the sexes were statistically significant there was
generally a very wide overlap in the character
values.

Dimorphism in relation to pregnancy.—Grass snakes
lay a large number of eggs (i.e., 30-40) which,
even in large snakes with relatively few eggs,
may result in a 25% increase in overall volume
and a much greater percent increase in the vol-
ume of the visceral cavity. It is apparent that
the increase in volume and weight due to the
eggs results in a substantial additional burden
in gravid females that does not have to be borne
by males. It is likely that some or all of the
following sexual differences reflect functional
adaptations related to pregnancy.

The proportion of the body given over to the
egg-carrying trunk tends to be greater in fe-

males (102, 159). Moreover, females are, on
average, 25% longer (93) than males and have
a broader body (98) which would have obvious
advantages for carrying a heavy burden of eggs.
As is compatible with this more robust build,
females have, on average, larger (96-97) heads
with more labial scales (26). In order to allow
for this increased girth the females have, on
average, a greater number of dorsal scale rows
at a given somite position because the dorsal
scale row reduction (7, 103) generally occurs at
a more posterior position.

In advanced snakes (Underwood, 1967) the
paired internal organs are displaced so that the
right organ is anterior to the left. The gonads
are anterior to the kidneys. In females the kid-
neys are positioned relatively more posteriorly
(154, 156, 158) than in males presumably to
accommodate the eggs. As a consequence of this
relatively posterior position in females, the left
kidney has access to less space at the posterior
end of the body cavity and is truncated, i.e.,
shorter (148-149). This tendency for a reduc-
tion in length of the left kidney in females is
not compensated for by a longer right kidney
and consequently the total kidney length (150—
151) is, on average, less in females. The right
(anterior) kidney is normally larger than the left
(posterior) kidney and since the left kidney in
females is shorter this generally results in an
even greater discrepancy between right and left
kidney lengths (152) in females compared to
males. There is no evidence for a similar an-
terior shift of internal organs to the anterior of
the gonads (e.g., pancreas; 135) to accommo-
date the eggs in females. It is apparent that
sexual dimorphism in the body dimensions, scal-
ation and internal morphology may be related
to functional adaptation to oviparity.

Dimorphism in relation to genitalia.—Sexual di-
morphism in the scalation, dimensions and in-
ternal morphology of the tail may be related to
the accommodation of the hemipenes and their
retractor muscles in the proximal region of the
tail of males. The paired hemipenes are quite
large organs to be accommodated in a relatively
slender tail and they extend back about 8-10
somites from the cloaca on average. Their re-
tractor muscles are more slender but extend
back into the tail much further (i.e., about 25.5—
32 somites on average).

The proximal section of the tail, adjacent to
the cloaca, has to accommodate, internally, only
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TaBLE 1. SEXUAL DIMORPHISM AND ITS INTERACTION WITH GEOGRAPHY IN Natrix natrix. Two-way ANOVA

results. CHA = character number (see Appendix 1). SYS = character system (sc, scalation; cp, color pattern;

im, internal morphology; de, dentition; bd, body dimensions; do, dermal sense organs). SD = significant sexual

dimorphism (* = P < 0.01). INT = ssignificant interaction between sexual dimorphism and geographic location

(* = P < 0.01. DIF = average, and (S) = SD of the female group mean minus the male group mean across
24 groups (List B, Appendix 2).

CHA SYS SD INT DIF (S) CHA SYS SD INT DIF (5) CHA SYS SD INT DIF ()

3 sc k% -4.1(2.3) 56 ¢cp — — 112 sc * — -9.8(2.5)
4 sc * * -10.2(2.3) 57 ¢cp — — 113 s¢ — *

5 sc¢ — — 58 ¢cp — — 114 sc * — 4.5 (2.4)
7 sc * — 0.6 (0.7) 60 cp — — 115 sc * — -=52(3.7)
8 sc¢ — — 61 cp — — 116 sc — —

9 s¢ — * 63 cp — — 117 sc¢  * — 4.5(1.8)
10 sc — — 64 cp * — 0.2(0.2) 118 sc — —

11 sc * — —0.9(0.5) 66 im * — -0.7(0.5) 119 sc — *

12 s¢ — — 67 im * — —-09(0.5) 120 sc — —

13 sc * — —2.7(0.8) 68 im * — -1.0(0.7) 122 ¢cp — —

14 sc * — 0.9 (0.8) 69 im * — -09(0.7) 123 ¢p — —

15 sc * % —4.2 (1.5) 70 im * — -21(1.9) 124 ¢p * — 3.4 (4.2)
16 sc * — —1.1(0.5) 71 im — — 126 im — —

17 s¢ * — —8.8(l.5) 72 im — — 127 im — —

18 sc — — 73 im * — -22(0.9) 128 im * — -0.2(0.4)
19 sc¢ * — —86(.1) 74 im * — -17(1.6) 129 im — —

20 sc — — 79 im — — 130 im * — —0.3(0.4)
21 sc¢ * — —09 (2.6) 80 im — — 131 im — —

22 s¢  *  — 0.03 (0.02) 81 im — — 132 im — —

23 s¢ — — 82 im * — -19(24) 133 im — —

24 sc¢ — — 83 im — — 134 im — —

25 sc  * — -—13.6(15.8) 84 im — — 135 im — —

26 sc  *  — 0.1(0.1) 8 im — — 136 im — —

27 s¢ — — 86 im * — 1.9(04) 137 im * * —0.7(0.6)
28 s¢ — — 89 de * — -14(0.6) 138 im — —

29 s¢ — — 90 de * — -1.2(0.6) 139 im — —

30 sc¢ — — 91 de * — -1.2(1.0) 140 im * — 0.8 (0.9)
32 ¢cp — — 92 de * — -1.2(0.8) 141 im * — -2.0(1.1)
33 ¢cp * — —0.1(0.3) 93 bd * — 10.6 (5.7) 142 im * — —0.4(0.7)
34 cp — — 95 bd — — 143 im — —

3 ¢cp — — 96 bd * — 0.3(0.4) 146 im — *

36 cp * — -—-94(1.1) 97 bd * — 0.1(0.1) 147 im — —

37 ¢ * — -23(1.2 98 bd * — 0.1(0.1) 148 im * — —3.2(1.6)
38 ¢cp — — 99 do * % -123.2) 149 im * — -1.6(0.9)
39 ¢cp — — 100 do — — 150 im * * —1.9(2.0)
40 ¢ — — 101 sc * * —142(37) 151 im * * —0.8(l.1)
41 cp — — 102 sc¢ * — 2.7(0.6) 152 im * — 2.6 (1.3)
42 cp — — 103 sc¢ * — 1.426) 153 im — —

4 cp — — 104 sc * — -19(0.8) 154 im * — 1.6 (0.8)
45 ¢cp — — 105 sc * —  -22(1.2) 155 im — —

46 cp — — 106 sc * — —29(.2) 156 im * — 1.6 (0.6)
47 cp — — 107 sc *  * -1.4(1.2) 157 im — —

48 ¢cp — — 108 sc * * -2.0(1.7) 158 im * — 1.6 (0.6)
49 cp — — 109 sc *  * -4.7@2.3) 159 bd * — 2.5 (0.9)
50 ¢cp — — 110 sc * —  —-46(1.3) 164 im — —

54 ¢p — — 111 sc * — -5024) 165 im — —

55 ¢ — —
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the large paired cloacal glands (86) in females.
These glands are used in defense as they emit
a foul smelling secretion. In males both the
paired cloacal glands and the hemipenes are
accommodated in this region of the tail. The
cloacal glands are large in females, i.e., a mean
of 6.5-7.5 somites long, but in males, in spite
of the selective advantage of large defensive
glands, they are reduced to a mean of 4-5 so-
mites long to allow for the accommodation of
the hemipenes.

The accommodation of the hemipenes and
their retractor muscles results in obvious dif-
ferences in the shape of the proximal part of
the tail. In females the proximal part of the tail
is tapering whereas in males the accommoda-
tion of the hemipenes renders it parallel. This
sexual difference in tail shape is reflected in the
scalation. The broad proximal section of the
tail (accommodating the hemipenes) with 14,
12, 10 and 8 dorsal scale rows takes up a greater
proportion of the tail in males (characters 11,
104-112) and the narrow distal part of the tail
with 6 and 4 dorsal scale rows takes up a pro-
portionally greater part of the tail in females
(characters 114, 117). Furthermore, the accom-
modation of the hemipenes and their retractor
muscles may be a contributory factor in the ten-
dency for the proportion of the body given over
to the tail to be greater in males (102, 159).

Sexual dimorphism in serially repeated meristic char-
acters.—Several independent meristic charac-
ters from the scalation and dentition show sex-
ual dimorphism with the males having higher
mean counts for the serially repeated features.
The mean number of trunk somites (ventral
scales 3), mean tail somites (pairs of subcaudal
scales 4) and the mean total number of somites
is higher in males. Furthermore, all dentigerous
bones, i.e., dentary, maxilla, pterygoid and pal-
atine (89-92), have higher mean tooth counts
in males. The adaptive significance, if any, of
this pattern of sexual dimorphism is unclear.

Sexual dimorphism in the anterior internal mor-
phology.—The visceral topography of the an-
terior internal organs differs slightly between
the sexes. It has already been noted that the
mid and anterior internal organs do not appear
to shift anteriorly to allow space for the eggs in
females in the same way that the posterior in-
ternal organs have shifted posteriorly.

In males all of the anterior internal organs
(e.g., heart, thyroid, left lung, systemic junction

and liver) appear to have a more posterior mean
somite position than in females, because the
number of the adjacent somite is higher, but this
is a product of the greater number of somites
in males. Nevertheless, when the relative somite
position is considered, the left lung and the an-
terior tip of the liver (128, 137) are, on average,
positioned more posteriorly in males. The rel-
ative position of the posterior tip of the liver is
the same in both sexes so the liver is, on average,
relatively shorter in males (140). If this has any
adaptive significance, it is unclear what it is.

Sexual dimorphism in head and neck scalation.—
The head and neck scalation differs slightly be-
tween the sexes. The mean degree of contact
between the temporal and lower post-ocular
scales (25) is slightly greater in males, the mean
number of supra-labial scales (26) is slightly
greater in females and, even taking into account
the tendency for greater body size in females,
the neck scales (22) are, on average, larger in
females. This may not have any adaptive sig-
nificance but it may possibly be related to the
more robust build and larger head of females
(see above).

Sexual dimorphism in dermal sense organs.—Up to
20 temporal pits are present in females and up
to 40 in males. Since these pits are sensory, their
sexual dimorphism may be related to different
behavior of the sexes due to sex recognition, or
the basking requirements of oviparity.

The comparative lack of sexual dimorphism in the
color pattern.—Grass snakes are diurnal and pos-
sess a bold and complex color pattern (see Ar-
nold and Burton, 1978, for illustrations) that
shows considerable variation between geo-
graphic populations and between individuals.
Consequently, it is notable that, unlike the oth-
er character systems, it shows no obvious sexual
dimorphism and only a very subtle, mean dif-
ference between sexes in very few (i.e., five out
of 30) characters. Moreover, even this very lim-
ited dimorphism can be largely explained by the
influence of sexual dimorphism in other char-
acters.

The slightly greater mean number of lateral
blotches on the trunk (37) of males can be in-
terpreted in terms of their higher trunk so-
mites. Similarly the slight trend for the black
nuchal blotches (64) to be further back from
the head (in terms of dorsal scales) in females
may be related to sexual dimorphism in the neck
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scalation. Females grow to a larger size than
males and, on average, exhibit greater onto-
genetic fading of the color pattern. This may
explain the slightly greater mean nuchal streak-
ing (124) and less pronounced white edges to
the dorsal scales (36) in females. There is also
sexual dimorphism in the number of supra-la-
bial streaks. However, the mean number of
streaks is not consistently higher in males or
females across the various populations and in
any case may be influenced by the sexual di-
morphism in the number of supra-labial scales.

These small, and often inconsistent, mean dif-
ferences would not enable the sexes to recog-
nize one another. Consequently, the color pat-
tern does not appear to play a significant role
in sexual recognition in the grass snake com-
plex.

GEOGRAPHIC VARIATION IN SEXUAL
DiMORPHISM

Considering that all but 13 characters show
geographic variation and about half show sex-
ual dimorphism, it is notable that so few (i.e.,
15; Table 1) show significant geographic vari-
ation in the extent of sexual dimorphism. Many
of the 15 characters are scalation characters
where the sexual dimorphism is related to the
greatest number of ventral and subcaudal scales
(i.e., somite number) in males. For example, the
15 characters include ventral scale (somite)
number (3), subcaudal pair (somite) number (4),
total somite number (101), 19-17 dorsal scale
reduction on the trunk (9, related to 3), and the
dorsal scale reduction on the tail (15, 107, 113,
119 related to 4). Other characters, not influ-
enced by somite number, also show geographic
variation in the extent of sexual dimorphism
(i.e., the relative proportions of the tail with a
given number of dorsal scale rows (108-109),
the relative position of the liver (137), size of
the kidneys (146, 150-151) and the number of
dermal sense organs (99).

Although the body proportions and dentition
show marked geographic variation and sexual
dimorphism, there is no geographic variation
in the extent of sexual dimorphism across the
groups under consideration. Similarly, geo-
graphic variation in the extent of sexual di-
morphism is rare in characters from the inter-
nal morphology (four out of 50).

The overall pattern of geographic variation
in the extent of sexual dimorphism was assessed
by mapping the similarity (Mahalanobis D) be-

tween the sexes for each population (Fig. 1).
The similarity between the sexes was measured
across 14 of the 15 characters showing geo-
graphic variation in the extent of sexual di-
morphism. The dermal sense organs (99) were
excluded because they could not be recorded
from all populations. It is notable that the re-
sultant geographic variation does not show the
four phenetic/phylogenetic subspecies (sensu
Thorpe, 1979, 1984a) (i.e., east, west, Corsica,
Sardinia) as being distinct. All four subspecies
have broadly similar extents of sexual dimor-
phism. Although the pattern of geographic
variation is not very strong, there is less sexual
dimorphism in the north than in the south, i.e.,
D is correlated to latitude at r = —0.6, P <
0.001. The most obvious factor here is climate
and one also needs to bear in mind the historical
factor. I have suggested that grass snake pop-
ulations expanded northwards from southern
refugia in post-Pleistocene times (Thorpe,
1984a, 1984b). The populations in northern,
recently colonized areas tend to have less sex-
ual dimorphism than in southern, older popu-
lations. If this is the cause then why sexual di-
morphism should be lost when new areas are
colonized is not apparent. On the other hand
natural selection may be the cause and the
northern marginal populations such as those of
Siberia (Fig. 1) may be subject to more intense
selection which somehow militates against the
evolution of sexual differences. However, com-
parison with other species which show geo-
graphic variation in the extent of sexual di-
morphism, such as sparrows, indicates that the
opposite can be true. Behavioral differences be-
tween the sexes result in an increase in sexual
dimorphism in sparrows (Johnston and Selan-
der, 1973; Fleischer and Johnston, 1982).
The geographic variation in the nature of the
sexual dimorphism was investigated by subject-
ing the male mean minus female mean char-
acter values (for the 14 characters) for each
group to PCA. The sign and magnitude of the
eigenvector coefficients reveal that the PC (Fig.
2) reflect the nature rather than the extent of
the sexual dimorphism. This PCA shows that
the eastern, western and Corsican subspecies
are not discriminated by the nature of their
geographic variation just as the D values showed
that they were not discriminated by the extent
of their sexual dimorphism. Whereas the Sar-
dinian subspecies does not show any difference
in the overall extent of its sexual dimorphism
(Fig. 1) the PCA scatter diagram does isolate
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Fig. 1.

Map of the Palearctic with Mahalanobis D values between sexes for each group of Natrix natrix.

This shows the geographic variations in the extent of the sexual dimorphism (i.e., generally less in the north).

the Sardinian population on the nature of the
sexual dimorphism.

The direction of the sexual dimorphism can
be atypical in the Sardinian population, i.e., mid-
tail scalation (108-109) and kidney size (146,
150-151) mean values are higher in Sardinian
females whereas normally they are higher in
males. In other characters it is the extent of the
sexual dimorphism that is atypical; for example,
in characters 15 and 107 the Sardinian popu-
lation is atypical in showing little sexual dimor-
phism. The peculiar nature of the sexual di-
morphism in the Sardinian population is
compatible with the origin of the population. It
is thought (Thorpe, 1979) that it arose from
founder effect colonization from Corsica and
underwent a ‘‘genetic” revolution (sensu Mayr,
1970) resulting in a reorganized phenotype as
exemplifed by peculiar lateral blotches and nu-
chal markings, etc.

DiscussioN

Sexual dimorphism in putative response to pregnan-
cy.—The constellation of characters possibly
forming a coadapted complex in response to
this in N. natrix includes characters from the
body dimensions, scalation and internal mor-
phology. Previous workers have pointed out
certain aspects in isolation; for example, the size
(Jackson and Franz, 1981 and other references
in the introduction; Goddard, 1984) and inter-
nal morphology (Rossman et al., 1982) for other
snake species. On average, female snakes are
larger than male snakes in about two-thirds of
species reviewed by Shine (1978). The excep-

tions, in which Shine was particularly interest-
ed, were largely explained by male combat.
Consequently, in N. natrix, like most other snake
species, where male combat does not result in
selection for large male size, the balance of se-
lection is swung in favor of larger female size
due to the extra burden imposed by pregnancy.
This does not necessarily assume greater fecun-
dity in larger females within the same species
(Trivers, 1972; Shine, 1978) for several rea-
sons. The clutch size may be the same but egg/
offspring size may be greater in larger females

PC I
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Fig.2. The nature of sexual dimorphism in groups
from the four subspecies of Natrix natrix (sensu
Thorpe, 1979). Principal component analysis of the
difference between sexes (¥8 — %2). Note that the
groups from the eastern subspecies (+), western sub-
species (O) and Corsican subspecies (C) are largely
overlapping, indicating that the nature of the sexual
dimorphism is broadly similar in each of these taxa.
On the other hand the Sardinian subspecies (S) is a
distinct outlier indicating that the nature of the sexual
dimorphism in this taxon is different from that in the
other three taxa.
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(Goddard, 1981). Moreover, if the pattern of
sexual dimorphism in N. natrix is the product
of species selection, sensu evolution by punc-
tuated equilibria (Stanley, 1979), then it is not
necessary for it to be mirrored by microevolu-
tionary trends within the species. To this end
it is notable that this study did not reveal mi-
croevolution (in the sense of geographic vari-
ation) in the extent of sexual dimorphism in
size. However, one must bear in mind the dif-
ficulties of analyzing size in an organism with
continuous growth.

Other selective factors could contribute to-
wards this size sexual dimorphism. The larger
females may attract more males and have a
greater chance of reproductive success as in
Thamnophis (Hawley and Aleksiuk, 1976). In
some species small males may be more vagile
and therefore have greater opportunity to lo-
cate females (Shine, 1978). I do not find this
latter explanation convincing for N. natrix as
there is no evidence of smaller adults having
greater vagility in N. natrix and all else being
equal larger animals have greater locomotory
powers. Moreover, in neither case (i.e., N. natrix
or Thamnophis) can the explanation be extended
to cover all the other characters that can be
explained by an increased burden during preg-
nancy, e.g., visceral topography. In any event
it is inconceivable that such a heavy burden as
pregnancy, with a 25% or more increase in vol-
ume and weight, would not result in selection
for some morphological changes in females, un-
less there were equally strong selective pres-
sures to counter specific changes, as in the in-
fluence of male combat on size (Shine, 1978).

Other facets of sexual dimorphism in relation
to pregnancy (e.g., visceral topography) have
parallels in other snake species. In the tribe
Thamnophini (Rossman et al., 1982) the fe-
males have the anterior and mid-body organs
displaced anteriorly and the kidneys displaced
posteriorly to allow for space during pregnancy.
However, in N. natrix the anterior and mid-
body organs are not displaced, only the kidneys
are displaced. Consequently, the two groups use
slightly different means to achieve the same end.

Other facets of the sexual dimorphism also
possibly due to adaptation for pregnancy (e.g.,
shape and scalation differences) have not been
studied in a sufficient number of other species
to be able to generalize although Singh Bhati
and Wadhawan (1974) indicate, in conformity
to N. natrix, that female sand boas, Eryx johni,
may have larger heads than males. It would be
interesting to know whether the shape, visceral

and scalation dimorphism in the grass snake are
widespread in snakes and whether snakes with
male combat show the other subtle dimor-
phisms associated with pregnancy (e.g., reor-
ganization of the visceral topography) even if
they do not have larger females.

Sexual dimorphism in response to genitalia.—The
constellation of characters showing possibly a
coadapted complex in response to the male gen-
italia in the base of the tail includes characters
from the internal morphology, body dimen-
sions and scalation. The greater mean number
of subcaudal scales and /or greater proportional
length of the tail in male grass snakes is gen-
erally true of most snakes except those that are
arboreal (Goldsmith, 1984). Tail length and/
or subcaudal scale dimorphism has been noted
in several species (Branson and Baker, 1973;
Singh Bhati and Wadhawan, 1974; Funk and
Tucker, 1978; Rossman, 1979; Kminiak and
Kaluz, 1983; Goddard, 1984; Grobman, 1984).
However, the sexual dimorphism in the dorsal
scalation and internal morphology of the tail
that occurs in N. natrix has not been widely
investigated in other species so no generaliza-
tions can be drawn. Sexual dimorphism in the
post-cloacal vertebral haemopophyses of a range
of snakes appears to be in response to the hem-
ipenes and their retractors (Keiser, 1970), but
this was not investigated in N. natrix.

Sexual dimorphism in other features.—The inter-
esting, but unexplained, sexual dimorphism in
the anterior internal morphology, head and neck
scalation, dermal sense organs and the lack of
sexual dimorphism in the color pattern have not
been investigated in a sufficient number of oth-
er species to draw any generalizations. The
number of ventral scales (a serially repeated me-
ristic feature) has been investigated in several
other snake species (Schwarz, 1976; Rossman,
1979; Kminiak and Kaluz, 1983; Grobman,
1984) but no general patterns in the sexual di-
morphism emerge. Sexual dimorphism in tooth
counts has been investigated in two other species,
i.e., Thamnophis sp. (Rossman, 1979) and their
sexual dimorphism agrees with that of N. natrix
in showing a greater mean number of teeth in
males. If sufficient species and dentigerous bones
show parallel trends then this would imply a
non-random cause but the functional signifi-
cance, if any, is unclear.

Sexual dimorphism in the color pattern of the
grass snake is largely absent and is not widely
reported in other snake species. Sexual dimor-
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phism in the number of serially repeated mark-
ings on the tail of snakes (Quinn, 1979) is prob-
ably a direct consequence of males having longer
tails. The paucity of sexual dimorphism in the
color pattern of snakes indicates that it is un-
likely to play a part in sexual recognition. Since
the color pattern is so frequently sexually di-
morphic in lizards and often plays an important
role in their sexual recognition, its relative ab-
sence from snakes may be a product of the pos-
sible origin of snakes from a blind fossorial
ancestor.

Geographic variation in sexual dimorphism.—Pre-
vious studies of this phenomenon, i.e., De Vries’
(1976) study of hawks, Fonstad and Hogstad’s
(1981) study of warblers, Johnston and Selan-
der’s (1973) study of sparrows, Ralls and Har-
vey’s (1985) study of weasels, Ross and Baker’s
(1982) study of starlings, Saether and Haagen-
rud’s (1985) study of moose, Iverson’s (1985)
study of turtles, and Fitch’s (1981) review of the
lizards stansburiana and Cnemidophorus tigris
and the turtle Chrysemys picta, are all based solely
on size and/or shape dimorphisms. Where these
studies find geographic variation in sexual di-
morphism it is generally explained by the avail-
ability of food and/or harshness of conditions
influenced by differences in the behavior, role
or niche of the sexes. In the grass snake the
reorganization of the nature of the sexual di-
morphism in the Sardinian population can be
interpreted in terms of bottleneck or founder
effect differentiations compatible with ‘quan-
tum’ speciation. On the other hand the simi-
larity in the nature and extent of sexual di-
morphism between the two main phylogenetic
groups, i.e., the eastern and western lineages
(Thorpe, 1984a), is compatible with their origin
by vicariance but without population bottle-
necks (Thorpe, 1987).

Although the extent of sexual dimorphism is
not correlated to the primary, phylogenetic pat-
tern of geographic variation throughout the
species complex it does show significant latitu-
dinal variation. This latitudinal pattern in the
extent of sexual dimorphism in the scalation
and other characters may be related to current
ecological conditions but, unlike many of the
above studies, is not interpretable in terms of
the availability of food.

APPENDIX 1

List of 139 characters used. The characters are numbered from 3—
165 as in previous publications and a detailed description is available
in Thorpe (1973, 1975). The position of scalation changes and internal

organs and the length of internal organs etc. are measured in somites,
i.e., ventral, or pairs of subcaudal, scales. Abbreviations are as follows:
ventral scale (VS), pairs of subcaudal scales (SS), position (Pos.), anterior
(Ant.), posterior (Post.), dorsal scale rows (DSR), reduction (Red.), lat-
eral blotches (LB), dorsal blotches (DB), ventrolateral blotches (VLB),
nuchal markings (NM), separation (Sep.), right (Rt.), left (Lt.), kidney
(Kid.), kidneys (Kids.), regressed against trunk length (RATL), number
(No.).

3, No. VS; 4, No. SS; 5, Pos. of Red. from 23-21 DSR; 7, Pos. of
Red. from 21-19 DSR; 8, lower DSR lost at 21-19 Red.; 9, Pos. of
Red. from 19-17 DSR; 10, lower DSR lost 19-17 Red.; 11, Pos. of
Red. from 14-12 DSR; 12, lower DSR lost 14-12 Red.; 13, Pos. of
Red. from 12-10 DSR; 14, lower DSR lost 12-10 Red.; 15, Pos. of
Red. from 10-8 DSR; 16, lower DSR lost 10-8 Red.; 17, Pos. of Red.
from 8-6 DSR; 18, lower DSR lost 8-6 Red.; 19, Pos. of Red. from 6-
4 DSR; 20, lower DSR lost 6—4 Red.; 21, Pos. of Red. from 4-2 DSR;
22, size of neck scales RATL; 23, No. of post-ocular scales; 24, extent
of contact between temporal and upper post-ocular scale; 25, extent of
contact between temporal and lower post-ocular scale; 26, No. of supra-
labial scales; 27, No. of sub-labial scales; 28, No. of sub-labials in contact
with anterior chin shield; 29, No. of posterior-temporal scales; 30, No.
of rows of gular scales; 32, extent of eye streak; 33, No. of supra-labial
streaks; 34, No. of sub-labial streaks; 35, extent of lateral stripes; 36,
extent of white edges to dorsal scales; 37, No. of LB; 38, size of LB;
39, No. dispersed LB; 40, lower Pos. of LB; 41, upper Pos. of LB; 42,
size of DB; 44, lower Pos. of DB; 45, upper Pos. of DB; 46, N° VLB;
47, size of VLB; 48, extent of occipital line; 49, extent of parietal-
occipital marking; 50, extent of temporal occipital marking; 54, overlap
of lunar markings on to temporal scales; 55, overlap of lunar markings
on to labial scales; 56, size of NM; 57, Sep. of NM; 58, length of NM;
60, upper curvature of NM; 61, lower curvature of NM; 63, fading of
NM; 64, Sep. of NM from parietals; 66, thyroid Pos.; 67, heart Pos.;
68, Lt. lung Pos.; 69, systemic junction Pos.; 70, pancreas Pos.; 71, Pos.
of Post. of Rt. lung; 72, cystic duct length; 73, Pos. of Ant. of liver; 74,
Pos. of Post. of liver; 79, Pos. of Ant. of Rt. Kid.; 80, Pos. of Post. of
Rt. Kid.; 81, Pos. of Ant. Lt. Kid.; 82, Pos. of Post. Lt. Kid.; 83, No.
of renal arteries; 84, difference in No. renal arteries between Rt. and
Lt. Kids.; 85, size of Lt. lung; 86, length of cloacal gland; 89, No.
maxillary teeth; 90, No. palatine teeth; 91, No. pterygoid teeth; 92,
No. dentary teeth; 93, trunk length; 95, head width RATL; 96, head
depth RATL; 97, head length RATL; 98, body width RATL; 99, No.
pits on temporals; 100, No. pits on upper post-oculars; 101, total somite
No.; 102, trunk somite as % of total somite; 103, % VS Pos. of Red.
from 19-17 DSR; 104, No. of SS with 12 DSR; 105, % SS with 12
DSR; 106, % SS Pos. of Red. from 12-10 DSR; 107, No. of SS with
10 DSR; 108, % SS with 10 DSR; 109, % SS Pos. of Red. from 10-8
DSR; 110, No. SS with 8 DSR; 111, % SS with 8 DSR; 112, % SS Pos.
of Red. from 8-6 DSR; 113, No. SS with 6 DSR; 114, % SS with 6
DSR; 115, % SS Pos. of Red. from 6-4 DSR; 116, No. SS with 4 DSR;
117, % SS with 4 DSR; 118, % SS Pos. of Red. from 4-2 DSR; 119,
No. S with 2 DSR; 120, % SS with 2 DSR; 122, % of dispersed VLB;
123, VLB as % of LB; 124, % of NM streaked; 126, % VS Pos. of
thyroid; 127, % VS Pos. of heart; 128, % VS Pos. of Lt. lung; 129, %
VS Pos. of systemic junction; 130, Sep. of heart and thyroid; 131, %
VS Sep. of heart and thyroid; 132, Sep. of systemic and heart; 133, %
VS Sep. of systemic and heart; 134, Sep. of Lt. lung and heart; 135, %
VS Pos. of pancreas; 136, % VS Pos. of Rt. lung; 137, % VS Pos. of
Ant. liver; 138, % VS Pos. of Post. liver; 139, length of liver; 140, %
VS length of liver; 141, Pos. of mid liver; 142, % VS Pos. of mid liver;
143, % VS Sep. of liver and pancreas; 146, length of Rt. Kid; 147, %
VS length Rt. Kid.; 148, length Lt. Kid.; 149, % VS length of Lt. Kid.;
150, average length of Kids.; 151, average % VS length of Kids.; 152,
difference in lengths of Kids.; 153, Pos. of mid Rt. Kid.; 154, % VS
Pos. of mid Rt. Kid.; 155, Pos. of mid Lt. Kid.; 155, % VS Pos. of mid
Lt. Kid.; 156, % VS Pos. of mid Lt. Kid.; 157, average mid Kid. Pos.;
158, average % VS Pos. mid Kids.; 159, trunk length as % of total
length; 164, mid point Sep. of Kids. (i.e., overlap); 165, % VS mid point
Sep. of Kids.

APPENDIX 2

Lists of geographic groups used; numbered as in previous publica-
tions. (The details of the locations are given in Thorpe, 1979.)

List A. 41 pairs of groups: 1-39 inclusive, 42, 43.

List B. 24 pairs of groups: 1, 3, 5-6, 8-9, 11, 13-15, 18-27 inclusive,
30-31, 33, 42.

List C. 9 pairs of groups: 1, 3, 8-9, 11, 13-14, 20, 23.
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Geographic Variation: Multivariate Analysis of Six

Character Systems in Snakes in Relation to Character Number

R. S. THORPE

With snakes, as with other animal groups, there is a range of character systems
available for the study of geographic variation. When multivariate analysis is
used to portray the patterns of geographic variation within these various char-
acter systems, the resultant patterns can differ. Since the congruence between
character systems can be influenced by number of characters, a procedure is
developed for comparing the patterns of geographic variation portrayed by var-
ious character systems while taking into account the number of characters. The
data set used is based on 71 independent characters showing significant variation
among 14 populations of the Palearctic snake Natrix natrix. The overall pattern
of geographic variation in the area under consideration is categorical, i.e., there
are two distinct races (one western, the other eastern). A quantitative measure
of congruence is computed between the overall pattern and those patterns por-
trayed by randomly sampled subsets of the six character systems (color pattern,
internal morphology, scalation, dentition, body proportions and dermal sense
organs). The congruence of character sets selected irrespective of character type
gives a benchmark for comparison. The predictivity of the six character systems
is thus evaluated. Five of these systems reflect the overall pattern of categorical
variation. It is also shown that in ophidian systematics, non-traditional character
systems can contribute more (i.e., have higher predictivity per unit character)
than widely used conventional character systems.

IN studies of geographic variation, and relat-
ed topics in snakes, morphological charac-
ters from one or more of a range of features
including scalation, color pattern, body dimen-
sions, dermal sense (scale) organs, dentition and
internal morphology may be used (Christman,
1980; Grobman, 1984; Hughes, 1985; Kramer,
1971; Rasmussen, 1975; Rossman, 1979; Schat-

ti, 1982; Schatti and Agasion, 1985; Thorpe
and McCarthy, 1978; and references in Thorpe,
1987). However, these character systems are
not used with equal frequency; there being a
bias towards the traditional scalation and color
pattern and comparative neglect of dentition
and internal morphology.

An investigation of geographic variation may
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