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1. — INTRODUCTION

At the 9 th International Congress of Genetica (1953) Hoge, Belluomini
and Schreiber (38) presented the problem of the sexual abnormalities of
Bothrops insularis (Amaral) 1921, a snake restricted to the *Queimada
Grande” island at the coast of Sio Paulo, Brasil. (Plates 1 and 2). Detailed
data are now added as a result of further captures and a deeper statistical

and embryological analysis of the material.

Bothrops insularis (Amaral) 1921 (2 and 3) “)araraea ilhéa™ (plate 3)
(popular name), differs from all other snakes in having a eertain number of
female individuals with a more or less developed hemipenis (plate 4). This
hemipenis can be present on one or on both sides. As in some of these indi-
viduals eggs with advaneed embryos have been found, it was deemed interesting
to study those embryos presenting a hemipenis at different stages of deve-
lopment.

In the population of the island three main groups of individuals can be
distinguished : true males, females without hemipenis, and females having
bilateral or unilateral hemipenis. For the present, we shall eall this last group
“intersexes”, Later, the real meaning of the sexual abnormalities will be
discussed in order to find out whether they represent a true intersexuality, a
restricted type of gyvnandromorphism, or a new type of abnormality.
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Vlate @ A and B. General views of the Island {;l;:-]:r-u]n Grande, Brazil
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I"iate 3.

Dissceled male s[u‘l:illlt*ll of Bothrops insularis showing gonads ATTrOwWs,

and hemipenis injected with paraffin,
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Plate 4. Dissected pregnant intersexcs with embryvonated eggs, oviduets,

injected with paraffin (photograph a)
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2. — HABITAT, MATERIALS AND PROBLEMS

The island “Queimada Grande™ is situated in the South Atlantic at 24°
28" south and 46° 42° west Greenwich, approximately 40 miles off the harbour
of Santos, and has about 430.000 m* with a maximum elevation of 200 meters
above see-level (Plate 5 a).

It is of continental formation, having the same geological formation as
the coast, from which it is separated by a shallow sea. No eclimatological data
exist, but the island belong to the Af. Zone (climate) of Koeppen (52),
which means tropical humid. The countless visits done by one of the authors
(Hoge) permitted the observation that, though there is no really dry season,
the rains are relatively rare as compared to the continent, and the climate

might not be Af. (perhaps Am).

The sea surrounding the island is extremely rich in fishes and for that
reason the island is visited frequently by fishermen. However, they seldon
o on shore, because they are afraid of the numerous snakes which abide the
island and which have already caused some fatal aceidents. Many tales go
around among the sailors about shipwrecks and the island’s snakes, The
island is completely uninhabited. Its fauna is rich in sea birds (Swla leuco-
gaster and Fregata fregata) and small terrestrial birds. The herpetological
fauna consists in the Bothrops insularis (Amaral) 1921 (Serp. Crotal.), which
is the dominating species and characteristic of the 1sland, having never been
captured elsewhere. Another snake, Dipsas albifrons eavalheroi Hoge 1950
(Serp. Colubrin.), and the following lizards complete the land reptilian fauna
of the island: Lepasternon microcephalum Wagler 1824, Amphisbaena dar-
winii subsp., Colobodactylus taunay Amaral 1932, Mabuya wmacrorhyncha
Hoge 1946, and Hemidactylus mabowia (Moreau de Jonnes 1818, Ledo (54)

related two kinds of Anwura.

It is difficult to determine for how long the species Bothrops insularis
has been isolated, since we have evidence that an island ean be repopulated
by snakes within a relatively short time, even very distant from the continent
(Krakatoa after the eruption) Dammarmann (14). It is not an easy problem
to ascertain the duration of the period required for the speciation. During

the last glaciation (about 20.000 years ago) the island has probably been

connected with the continent. As no specimen of insularis has been found

on the continent, the problem of the specification of Bothrops insularis as
differentiated from other similar island speecies must be considered in two
ways. Either B. insularis existed previously on the continent as well as on
the island and disappeared from the continent by negative selection, but
persisted in the special habitat of the island, or the differentiation of insularis
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Plate 5 a. Partial view taken from the Island Queimada Grande showing woods and

grassland Photograph taken by FPirozeil).
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Plate 5 b, Bothrops insulariz in its habitat (TPhotograph taken by FPirozelll)
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as a new species took place from a related species which reached *Queimada
Grande” after its separation from the continent.

Amaral (2) deseribd the species in 1921, based on 203 specimens, which
were captured by the lightmen and sent to the Instituto Butantan between
1914 and 1920. Amaral visited the island and captured several snakes. Hoge
(35 and 36) started his expeditions to the island in 1946 and brought back
a collection of specimens. In 1952 Belluomini and Hoge observed that one
of the specimens of Bothrops insularis (N.° 13992) possessed ovaries in the
abdominal cavity, as well as follicules, oviducts and an atresic egg. This
specimen, which had died in the terrarium of the Instituto Butantan and
whose hemipenis was prepared and injected with paraffin, seemed to be a
male. The absence of testicles was stated. Morphologically the snake appeared
to be completely normal and did not show any external difference which might
demonstrate such abnormality. Other snakes of the same species were Inves-
tigated, specially since in his paper based on Amaral’s data Klauber (50,51)
showed no noticeable sexual dimorphism.

A large overlapping between males and females was stated in the speei-
mens deseribed by Klauber (50.01). We observed that the sexnal abnorma-
lity was much more frequent than expected and after the examination of all
the specimens of Bothrops insularis existing in the collection of the Instituto
Butantan the intersexuality was demonstrated. Sex was determined by ope-
ning the abdominal eavity of the snakes to look for the presence of ovaries,
testicles, eggs and oviduets, The tail was also opened to search for invaginated

uni or bilateral hemipenis.

The present research aims a first contribution to the study of variation
frequency in the population, by analvsing the variation of the hemipenis cha-
racter in the two groups of snakes during the period of 25 years.

In 1920 Amaral visited the island, and during his visit collected more
snakes for the collection of the Institute. From 1946, when Hoge visited the
island for the first time, until 1953 the ‘sland has bzen visited aboni 10 times
in corder to obtain more material. This material is divided in two groups:
the first one consisting of snakes collected between 1914 and 1921, and the
second ons of those captured from 1946 to 1953. Thes» two groups, each
eovering a period of about ten years and being separated by a gap of nearly
25 vears, constitute a highly interesting material for the statistical study of
the evolution of sex ratio in the population. The fact that this population
is strietly localized and geographically isolated from any other similar species
adds a now interest to the study of population geneties of this character, i.e.
the presence of the male copulatory organ in msny female individuals.
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Bothrops insularis can be found on trees or on the ground (plates 5 b
and 6). Small birds constitute the normal food of the snakes; examination of
the stomach eontent reveals ocecasional lizards (Hemidactylus mabowia) and
in one case we found a Dipsas albifrons cavalheroi. Frequently chilopods are
found in the stomach of young specimens. The protective yellowish-brown
coleration fits well the foliage on the ground and the rocks. The first des-
eription of Bothrops insularis reports it as “semi-arboreal™, but further obser-
vations revealed the same habitat for the continental *jararaca” Bothrops
Jararaca. The arboreal habitat is perhaps more frequently used by Bothrops
insularis because of the total absence of mammalian fauna on the island, so
that birds are the chief food reserve of the snakes, Tables 1 and II give the
indieation of the whole material here studied, which will be analysed in

chapters 3 (Statistic) and 4 (Embryology).

3. — Statistical Researches: ANALYSIS OF THE QUANTITATIVE
DIFFERENCES OF CHARACTERS BETWEEN SEXENS.

The statistical researches have been carried out along two main lines:
1 — the analvsis of quantitative characters that could eventually differentiate
both sexes and intersexes and 2 — the statistical treatment of the sex ratio
of the two groups in order to investigate the trends of the genetic constitution
of the population or other evolutionary facts,

A — Biometrical Determination of the Genetical Sex.

Some characters well suited to quantitative statistical analysis, for exam.
ple number of sca'es (ventrals, dorsals and subeandals) (46,51) are, generally
speaking. a good diseriminating eriterion for sex. We studied in Bothrops
insularis. in both the first and second group, the statistical distribution of
these pholidetic characters in individuals classified as males, females and
intersexes. The sexual elassification has been based on the presence of testicles
and hemipenis in males, the presence of ovaries and oviducts and absence of
hemipenis in the females, and ovary, oviduets and hemipenis for the inter-
sexes (See tables I and I1).

We must state here that Klauber in 1943 (50), in a paper dealing with
sex dimorphism in Bothrops insularis, concluded that in this species the statis-
tical analysis of the pholides’s does not clearly define the sex. The data analy-
sed by Klauber are those published by Amaral before the discovery of the
sexpal abnormality of this species, and thus the coneclusions of this author
cannot actually be taken into consideration. The first attempt to analyse
statistically the sex differences in Bothrops ‘nsularis has been made by com-
paring head, body and tail length in the three groups of males, females and
intersexes. The two samples constituted by the two groups of snakes captured
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TABLE 1

Sex distribution of the indiriduals analysed

Numbers of the Collection from the Institute Butantan

Miales:

B66 | 1854 | 1885 | 1938 | 1962 | 1wiv | 2031 2087 | 14083 | 14481 | 1o114 | 10043
867 | 1855 | 1886 | 1939 | 1963 | 1980 | 2042 3001 | 14186 @ 14482 ' 15119 | 15694
668 | 1854 | 1887 | 1941 | 1964 | 1983 | 2047 | 14000 @ 14187 | 14487 | 15120 | 15740
670 | 1865 | 1885 | 1942 | 1965 | 1984 | 2048 | 14001 | 14188 | 14490 | 15123 | 15742
674 | 1867 | 1899 | 1943 | 1966 | 1991 | 2051 | 14012 | 14180 | 14491 | 15126 | 15743
676 | 1870 | 1905 | 1944 | 1967 | 1882 | 2052 | 14036 | 14190 | 14494 | 15127 | 15804
676 | 1873 | 1907 | 1846 | 1969 | 18894 | 2064 | 14057 | 14229 | 14495 | 15128 | 15006
679 | 1875 | 1911 | 1951 | 1970 | 1995 | 2055 | 14059 | 14231 | 14497 | 15136 | 15815
682 | 1876 | 1918 | 1852 | 1971 | 2006 | 2057 | 14060 | 14233 | 14500 | 15140 | 15852
684 | 1877 | 19828 | 19563 | 1972 | 2008 | 2069 | 14062 | 14295 | 14507 | 15146 | 15854
G855 | 1880 | 1932 | 1956 | 1974 | 2017 | 2070 | 14064 | 14313 | 14510 | 15150 | Tot=l154
1254 | 1882 | 1933 | 1960 | 1975 | 2020 | 2071 | 14068 | 14478 | 14515 | 15175
1731 | 1884 | 1937 | 1961 | 1976 | 2021 | 2074 | 14082 | 14480 | 15N04 | 15183

Inlersexes:

Hemipenis present in the right side:

(v ] I Narei 1534 1 vos 243 13014 | 190z | 14261 lwdig | 1109 1 e
il 1897 1940 1983 2044 13026 | 14075 @ 14294 | 14577 15137 15807
673 15¢K) 18945 1956 2045 1304098 | 140077 | 14321 @ 15111 15138 15811
678 1908 | 1947 1999 2050 14011 | 14979 | 14334 @ 15112 @ 15142 15860
o83 1505 194! 2001 2056 14016 | 14084 | 14350 | 15113 @ 1514 Total:
1737 1913 18954 2007 2058 14025 @ 14086 | 14483 ' 15116 @ 15451 105
17389 1914 1865 20158 2076 14038 | 14213 | 14492 | 15117 | 15695 | —
ISK] 1925 1957 2025 2162 14963 @ 14228 | 14496 @ 15121 15730
1883 1529 1959 ] 8 S0s6 14065 @ 14230 | 14499 | 15129 | 15801
IS8R5 1630 1978 201 3080 | 14071 14269 1 14573 | 15132 | 15802

Hemipenis present on the ieft side: — Only the number 2027

Hemipenis presnt on both sides (left and right)

i G d 1559 [ 13010 14070 i 42z 144585 1511o 1516
672 1874 15071 2233 14013 14074 14236 14456 12118 15171
683 ISTS 1916 2156 14017 14076 142581 14489 15122 15174
a8% IS88 1550 13008 14044 14078 142493 14493 13125 15223
1857 1850 1927 1 309% 14749 1408) 14476 14505 15130 156496
1866 18591 1538 14002 14058 14087 144577 14579 15133 15861
1871 1852 1578 14008 14064 14088 144584 14511 15145 15867
Total: 70

Females:

Gd7 Lo 1o 25538 St 'L L Lo
N7 1935 2046 14003 14085 15619
O8I 14950 2053 14006 14080 Total: &7
15865 1958 2068 14007 | 14232
1872 1965 2005 14040 14206
[ 61§ 2013 2007 14066 14351
yae 2032 Ik 14067 | 14498

Hermaphrodite: n.e 15843

Th2 ilalic numb-rz esrrespond to the paratypes of the first sample whose sexes were
re-checked. The number 1996 eorrespond to the Type of Bothross insularis
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TABLE 11

Intersex individuals included in table I which were found to be pregnant.

Both samples presented a 109, occurancs of pregnancy.

First sampl=

Hemipenis present
on the right side
Col. 1. B. n*

Right oviduect

1737

1914
aM1

Hemipenis present
on both sides=:
(ol. 1. BB, n=*

665
GRD
1878
15855
1998

7 embrvonated eggs

2

5

(% e - =

o

E

L-it oviduct

1 embrvonated eggs

-
al

-
1 ]

el = S

L 3]

L

SR

Second sample

Hemipenis present
on the right side
Col. 1. B. n.*

i5111*
15801
15832

15803
15860

Hemipenis present
on the both sides:

Col. I. B.

15115

15122
15130

3

i

et e el

b2 b2 S

B
3

Right oviduet

embryonated cggs
atresic «gEs.
embryonated cggs
embryvonat=d eggs.
atresic CgEs.
embryonated cges.

embryonated eggs.
atresic ¢ggL.
embrvonatsd cges
atresac ¢ EES

Left oviduet

embryvonated cggs

L

embryvonated ggs.

3 embrvonated «pggs

atresic «gg

15171 Birth of 5 off-springs. 3 died post riorly
14485 Fggs at ths initial phasis of development

* These were studied embryologically.
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respectively in 1914-1921 and 1946-1953, have been treated separately and in
the histograms are represented by different lines. In all ealeulations these
two groups have been kept separate in order to see if there have been variations
in this lapse of time. In view of the fact that the size of the animal, or parts
of it, ean be influenced by ecological and by ageing factors, a successive ana-
Iysis has been carried out in the same way as the preceding one, the scale
numbers being used as the statistical variable factors. *

The statistical analysis of both length measurements and seale numbers
leads approximately to the same eonclusions, i.e. the scale counts show sharper
differences between the sexes. The relation between scale number vertebrae
and ribs in snakes are well stablished by Gadow (30). The inerease in number
of vertebrae in Ophidia is a philogenetic problem largely diseussed by Se-
wertzoff (70) and reviewed from the modern evolutionary point of view by
Goldschmidt (33-34).

The genetic influence on the metamerization of the vertebral column is
discussed by Kuhne (53) and Fischer (22). All these facts give the scale
number a relevant position as a eriterion for the determination of the gene-
tical sex, because the segmentation of the mesoderm into somites 1S an em-
bryological step that occurs far before the appearance of the gonadic ridge
and the sexual differentiation of the gonads. It must therefore depend only
on the genetic individual constitution XX or XY, being a true somatosexual

trait, like all the sexual characters of inseets, and not influenced by the

hormones.

The biometrical analysis for the genetical sex has been carried out by the

following methods:

1 — Analysis of the variability of body length (head, body and tail) of I
males, females and intersexes, considering the two groups.

2 — Seale countings (dorsal, subeaudal and ventral) in the same indi-
viduals as “17.

3 — Regression line between body and tail length.

4 — Secatter diagram correlating to ventral and sub-candal secales.

2 — Study of the “diseriminating funetion™ between two groups of three

characters; first body, tail and head length and second, dorsal, ventral and

subeaudal scales.

The methods indieated at 1 and 2 consider each character independently |
from this variability ; the methods indicated at 3 and 4 analyse the relationships

* This number is a quantitative charaeter fixed during the early period of deve-
lopment and is far more exaet than a differential eriterion, both for sexes and as
taxonomie character.



Mem. Inst. Butantan, A. R. HOGE, H. E. BELLUOMINI, 21
29:17-88. 1959, G. SCHREIBER, A. M. PENHA :

between two characters related to sex differentiation, and finally the method
indicated at 5 considers jointly three characters for the evolution of the sex
differences,

1 — Analysis of the Variability of Length

Figs. 1, 2, 3 show the following facts: the head of females is slightly
longer than that of males. The intersexes appear to be definitively females.
An interesting inerease in the head length in intersexes of the second group
of eaptures is clearly evidenced. Statistical significance is given by the gra-

HMEAD LENGTH

85 B B H R B ® W =B = M = u

Fig. 1. Frequeney distribution of the head length of males ( 2 ), intersexes (3 ) and

females ( @ ) of snakes colleeted between 1914-1920 (full lines) and of snakes
colleeted 1946-1953 (broken lines). Ordinates: number of snakes. Abseissae:
head length (mm).

phical method (see fig. 4). Body length is also larger in females than in
males, and the intersexes behave also in their character as females, The
increased body length in females and intersexes is also clearly indicated for
the second group of captures (fig 2). The tail length of the snakes is gene-
rally larger in males than in females. These facts are shown in Fig. 3. The
intersexes of the first group of captures behave as females, but in the second
group there is a clear increase in the length, the second group of intersexes
being were more masculine than the first one (Fig. 3).
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Fig. 2. Frequency distribution of the body length of males ( 3 ), intersexes (3 ) and
females ( @) of snakes collected between 1914-1920 (full lines) and 1946-1953
(broken lines) Ordinates: number of snakes. Abseissae: body length (mm).
The open eirele eorresponds to a hermophrodite individual.
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Fig. 3. Tail Iengt.h of males ( 3 ), intersexes {3} and females ( @ ) of suakes collected

between 1914-1920 (full lines) and hetwten 1946-1953 (broken lines). Ordinates:
number of snakes. Abseissae: tail length (mm). The open cirele corresponds
to a hermaphrodite individual.
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Fig. 4. Confidence intervals at the level of 0,95 probability of the head-body-and tail
length length of intersexes ( 2 ), females ( ¢ ) and males ( 2 ) of snakes collected

between 1914-1020 (full lines) and between 1946-1953 (broken lines).
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Fig. 5. Frequeney distributions of the number of dorsal seales of males (2), females
( 9 ) ande intersexes ( 3 ) of snakes collected between 1914-1920 (broken lines)

and between 1946-1053 (full lines).
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2 — Scale Number

As previously stated this character shows the differences between sexes
more clearly than length measurements. The number of ventral scales indi-
cates that the intersexes belong to the female group, although slightly deviated
towards the male mean. The difference, however, is not statistically significant
(see Figs. 5, 6, 7, and 8). No differences in their characters appear between

VENTRAL  SCALES

Fig 6. Frequeney distributions of the number of ventral scales of males ( 3 ), intersexes
( 4 ) ande females ( @ ) of snakes collected between 1914-1920 (broken lines) and

between 1946-1953 (full lines). The open eircle corresponde to a hermaphrodite
individual.

the two groups. This fact probably indicates that only ecological factors act
on the body size of the two groups. The number of subcaudals shows that
the intersexes belong to the female phenotype and practically does not differ
between the two groups of eaptures, in spite of the faet that the intersexes
bear the male copulatory organ. The number of subcaudals is typically female
and differs significantly from that of the male. The number of the dorsal
scales is not so sharply demonstrative as the number of ventrals and subecau-
dals, but as Fig., 5 shows, the modal number is 25 in the males with 23 as
minor mode. Females show the same main mode at 25, a second one being
also evident in 27 and there is an indieation for a deviation towards a mode
at 27, but not at 23. The female type of scaling here is true higher than in
the true females.
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7. Frequeney distributions of the number of subeaudal scales males ( 2 ), intersexes
(2 ) and females ( @ ) of snakes collected between 1014-1920 (broken lines) and

between 1946-1953 (full lines).

The open cirele corresponds to a hermaphrodite

individual.
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Fig. 9. Tail-body length regression line for all males snakes included in table 1
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3 — Regression: Body-Tail Length

Figs. 9, 10, 11 give the data of the regression line between the length
of the body and that of the tail. For the evaluation of this line the body
length was taken and ealled “trunk™ without the head, because the statistical
data of the Imstituto Butantan for “body length” include the head, and the
head has a peculiar sexual variability.® These diagrams for males, females
and intersexes were drawn together in fig. 12 which shows that, while the
range of variation around the two regression lines presents considerable over-
lapping as regards females and intersexes, the range around the regression
line for males is well separated from those of females and intersexes. All
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Fig. 12 Relationship between the number of ventral and subeaudal scales males, females

and intersexes of the snakes included in table I. The cross corresponds to a
hermaphrodite individual (snake 15843).

* The ecorrelation coefficient “r” has been ealenlated for all sexes and intersueut
and Was found to be close to 1. The standard error of estimate gives an indieation for
the variability of the regression.
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these facts indieate that during the development the tail of the males grows
more rapidly than in the case of females and intersexes; the opposite is veri-
fied for the growth of the body. The “relative growth” or heterogenic
growth is thus a sexual variant, at least in Bothrops insularis, that gives the
indication that the intersexes are females. We must remember that Wolff
(77), as quoted on page 74, as well as Padoa (58) pointed out that the body
size is a good “somatosexual character” maintaining its effeet even after cas-

tration and hence being independent from any hormonal action.

4 — Secatter Diagram (ventral and subcaudal scales)

The analysis of the correlation between ventrals and subcaudals, made
by Klauber in many species of snakes, gives an excellent eriterion for sexual
differentiation. Fig. 12 shows a sharp distinetion between males, females and
intersexes; the males have fewer ventrals and more subeaundals; the females
and intersexes have more ventrals and fewer subcaudals. A small overlapping
area exists which corresponds to those already considered for single characters.

Vade Fox (29) discussed the variation in scutellation from the taxonomie
point of view and showed that this character may eventually vary with the
ecological conditions acting during the embryological development. However,
the sex differences in seale counting are specially good for the ventrals, main-
tained in spite of the influence of the temperature during the early embryolo-
gical segmentation period. Vanzolini and Ferreira Brandio (74) studied the
sexual differences in sealing in Bothrops alternatus captured at different
localities. It appears that in different populations the sex differences are

differently significative.
5 — Statistical Treatment of the Data by Means of a “Discriminant Function”

In order to give a sharper distinetion between the three categories of sex
(male, female and intersexes) we have applied the statistical method deve-
loped by Fisher (23) for the taxonomic distinetion of groups differentiated
by several quantitative charaeters, each of which contributes a certain amount
of weigth to the differentiation of the taxonomic groups. For this purpose,
a linear funection of the measurements, called diseriminant function, was
thougth of, based on the prineiples that it would minimize the ratio of the
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differences between the mean wvalues of the groups and the standard devia-
tions within the groups. This conditfion enables one to compute the value of
each unknown coefficient which enters into the diseriminant funetion, and
so to solve the aleebraie problem connected with the complete specification of

the investigated funetion.

In our case, we have eaptured in each expedition three different sexual
eroups of snakes: the typieal male and female groups, and the so called
intersexes group. The problem was to decide whether the intersex group was
a tvpical male, as it seemed at first sight by the presence of a male external
copulatory organ, or a real female, as it later proved to be by the finding of
embryonated eggs inside the body. As pointed out by Fisher (23) in his
original paper, this sex problem is one that can be properly solved by the
diseriminant funetion, two different groups of characters being available for
its computation in our case: the length of different parts of the body of each
specimen, and the number of secales. To simplify the purposes, the number
of independent variable factors was limited to three: head, body and tail for
lengths ; dorsals, ventrals and subcaudals for scale numbers, the diseriminant

funetion then taking for both the form of

r = hxy + lxs + lzxs (1)

where z1, x., x3 are the values of each of three independent variables and
Iy, 1, I, parametrie constants to be determined in each case by the available
data of the typical male and female groups. The necessary data for the
computation of the parameters are summarized in table IV for lengths and
in table V for seale numbers, the general disposition of elements following
Johnsen's (40) text booy for both tables.

As explained in the above mentioned Fisher’s paper, the computation of
the paramenters Iy, ls, I5 depends on the solution of three simultaneous linear
equations with coefficients whose matrix is found in table VI for lengths and
in table VII for seale numbers, the second members of the linear equations
being the differences d of the tables IV and V respeectively. The value itself
of each computed parameter is found in table VIII, as well as each of its stan-
dard error caleulated aceording to Kendall (45). The last column of this same

table shows that the least diseriminative variable factor is the length of body
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for one of the diseriminant funections, and the dorsal seale numbers for the
second diseriminant funection,

Table IIT gives the values of each diseriminant function computed with
the averages of male, female and intersex groups, which ean be found in
tables IV and V. The figures show that intersexes helong definitely to the
female group and in the case of diseriminant function relative to length, its

TABLE III

Mean values for diseriminant functions (See equation 1)

Independent variables
Discriminant function

—_— — ——— - — ——

Male averages | Female averages | Intersex averages
Relative to length. .. ... ... . ' 0,014 0,066 0,076
Itelative to seale numbers, | | : 0,553 () 508 0,504

TABLE 1V

Data for the compulation of a diseriminant function relative to head lenght (Xy), body lengh! (X,)
aned Loyl denaght (X 41,

' MALE FEMALE INTERSEX
Y 154 37 176
SN 4310.2 1149.0 BOs1.0
Xi 27,0883 . 31,0540 34,5511
i 0704 22830 119313
X2 38809870 617 0270 677.9148
SXs 15854 3472 18073
N3 103,1428 | 03,8378 | 102,6875
e LR 122285.40 | S6360 48 '
SXa® 54221104 L375700
=Nt 16655820 3338506 '
8%, X 25716888 | 721756,3
SX)Xa 150300,3 109876.6 |
SXaXs 0488511 2186285 5
il 3.0657
de 28,0100
L '!t ~4 3050
N = number of specimens,
5 = summation sign for whole sample,
d = differences between female and male averages.
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TABLE ¥V

Data for the computation of a discriminant function relative lo number of dorsal scales (X,), ventral
gealez (Xa), and subecaudal =scales (X;).

' MALE FEMALE | INTERSEX
| |
N 154 37 176
SX; - 3778 | 038 4493
X1 24 5325 25,3513 25.5284
8X, - 27844 6900 32739
X3 1808052 186,7297 186,0170
SX, SO94) ! 2014 0653
X3 j 58,4351 ; 54,4324 | 54,8166
SX?, 02830 23800
SX,? 5035782 | 1200401
SX,? 526500 100832
SXaXs ' 683044 175151
SX, X, 220742 51056
SX.X; 1627213 376036
d, 08180
ds 50245
ds —4 0026

(Notation similar to that of table 1IV)

TABLE VI
Sums of sguares and producis of three measuremenis, lable IV, wilhin male and female sexes, for
length
Head (X)) | Body (Xz) Tail (X3)
Head (Xi) | 23205509 | 45829,223 7790,85816
Body (Xa).... —_— 1086598, 96 177008 453
Tail (Xs)... — . iy . 35540 886

TABLE VII
Sums of squares and products of three measurements, lable V, wilhin male and femcle sexes, for

scale number
| | |
Dorsal side (X;) | Ventral side (X2) | Subeaudal side (X3)
I i
Dorsal side (X4)...... ! 166,7702 ' -39.511 | ~27.2060
Ventral side (Xa1)..... | - | 1727 454 | 100,377

Subeandal side (X3 . — i 0469318

— . c—







