Mem, Inst. Butantan, A. R. HOGE, H. E. BELLUOMINI, 1%
29:17-88. 1959, G. SCHREIBER, A. M. PENHA

SEXUAL ABNORMALITIES IN Bothrops insularis - (Amaral) 1921

(SERPENTES )
Alphonge Richard Hoge and Hélio Emerson Belluomini

(Laboratdrio de Ofiologia do Instituto Butantan, S. Paulo, Brasil)

Giorgio Schreiber
(Instituto de Biologia da Universidade de Minas Gerais, Belo Horéaonte, Brasil)
: Adolpho Martins Penha

(Instituto Bioldgico, Divisdo de Defesa Animal, 8. Paulo, Brasil)

INDEX
1 — INTRODUCTION
2 — HABITAT, MATERTAL AND PROBLEMS
3 — STATISTICAL RESEARCHES: ANALYSIS OF THE QUANTITA.
TIVE DIFFERENCES OF CHARACTERS BETWEEN SEXES
A. — Biometrical determination of the gewmetic sex.
1. — Analysis of the variability of length.
. (Body length, head length, tail length).

2. — Secale counts.
(Dorsals, ventrals, sub-caudals).

3. — Regression: — body-tail.
4. — Correlation: - ventral-subeaudal scales.
5. — Application of the “diseriminant funetion”.
. B. — Variation of the sex-ratio in the population.
- 4 — EMBRYOLOGICAL RESEARCHES ON THE GONADS
A. — Introdwetion and technigues.
B. — Development of the gonads in Bothrops insularis and other species.
1. — Bothrops insularis embryos of 35-40 mm.

2. — Bothrops insularis embryos of 60-70 mm.




18

SEXUAL ABNORMALITIES IN BOTHROPS INSULARLS

= % ’ T 2a°30°
= i

46°30°

SOUTH
AMERICA o

|

H,
i
—
i
BEEEA

QUEIMADA GRANDE [SLAND

wOOoDS

I

GRASSLANDS

APROX. SCALE - 1:10.000

MAP SHOWING THE DISTRIBUTION OF WOODS
AND CGRASSLANDS, BASED SHIEFLY ON AEROPHOTO-
GRAFIES FROM BRAZILIAN AIR FORCE, ESTEREOPHO-
TOGRAMETRIC RECONSTITUTION BY VASP AEROFOTO-
GRAFIA S/A AND COLLECTED BY INSTITUTO BUTANTAN




Mem. Inst. Butantan, A. R. HOGE, H. E. BELLUOMINI, 19
29:17-88. 1959, § G. SCHREIBER, A. M. PENHA

. — Bothrops jararaca embryos of 70 mm.
. — Xenodon merremii embryos of 90 mm,
. — Bothrops insularis embryos of 130 mm.
— Bothrops insularis embryecs of 160 mm.

— Xenodon merremii embryos of 180 mm.
e

W =1 o Ul = W

. — Crotalus durissus terrificus, newborn.

9. — Bothrops alternatus, 24 hours old.

C. — Discussion of the Embryological Researches:
9. — A CASE OF HERMAPHRODITISM
6. — CARYOMETRIC RESEARCH FOR PLOIDY DISTURBANCES
7. — CLASSIFICATION OF THE SEXUAL ABNORMALITIES
8. — SUMMARY
9. — ACKNOWLEDGEMENTS
10. — LITERATURE
11. — EXPLANATION OF TABLES AND FIGURES.

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 Sfo 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) “jararaca ilhéa” (plate 3)
(popular name), differs from all other snakes in having a certain 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 eges with advanced 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 ean 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 gynandromorphism, or a new type of abnormality.
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A and B. General views of the Island Queimada Grande, Brazil
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Plate 3. Dissected male speeimen of Bothrops insularis showing gonads arrows,
and hemipenis injected with paraffin.
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Plate 4. Dissected pregnant intersexes with embryonated eggs, oviduets, and hemipenis
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 elimatological data
exist, but the island belong to the Af. Zonme (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
go on shore, because they are afraid of the numerous snakes which abide the
island and which have already caused some fatal accidents. 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 (Sula lewco-
gaster and Fregate 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 island, having never heen
captured elsewhere. Another snake, Dipsas albifrons cavalheroi Hoge 1950
(Serp. Colubrin.), and the following lizards complete the land reptilian fauna
of the island: Leposternon microcephalum Wagler 1824, Amphisbaena dar-
winii subsp., Celobodactylus taunay Amaral 1932, Mabuya macrorhyncha
Hoge 1946, and Hemidactylus mabowia (Moreau de Jonnés 1818. Leiio (54)
related two kinds of Anura.

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

Plate 5

b. Bothrops insularis in its habitat (Photograph

taken by Pirozelli)
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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) describd 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 m 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 speeies were inves-
tigated, specially since in his paper based on Amaral’s data Klauber (50,61)
showed no noticeable sexual dimorphism.

A large overlapping between males and females was stated in the speeci-
wens described by Klauber (50,51). We observed that the sexual 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 mntersexuality was demonstrated. Sex was determined by ope-
ning the abdominal cavity 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 analysing 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 island has been visited about 10 times
in order 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 one of those eaptured from 1946 to 1953. Thesa two groups, each
covering a period of about ten years and being separated by a gap of nearly
25 years, 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 lecalized and geographically isolated from any other similar species
adds a new interest to the study of population genetics of this character, i.e.
the presence of the male copulatory organ in many female individuals.
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Plate 6 a and h. Bothrops insularis in its habitat (Photogr

aphs taken by Pirozelli)
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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 content reveals occasional lizards (Hemidactylus mabouia) 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-
cription of Bothrops insularis reports it as “semi-arboreal”, but further obser-
vations revealed the same habitat for the continental Jararaca” Bothrops
dararaca. The arboreal habitat is perhaps more freguently used by Bothrops
insularis because of the total absence of mammalian fauna on the 1sland, so
that birds are the chief food reserve of the snakes. Tables T and II give the
indication of the whole material here studied, which will be analysed in
chapters 3 (Statistic) and 4 (Embryology).

3. — Statistical Researches: ANALYSIS OF THE QUA‘;\TTITATIVE
DIFFERENCES OF CHARACTERS BETWEEN SEXES.

The statistical researches have been carried out along two main lines:
1 — the analysis 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 investicate 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 scales (ventrals, dorsals and subcaudals) (46,51) are, generally
speaking, a good diseriminating criterion for sex. We studied in Bothrops
insularis, in both the first and second group, the statistieal distribution of
these pholidetic characters in individuals classified as males, females and
intersexes. The sexual classification has been based on the presence of testicles
and hemipenis in males, the presence of ovaries and oviduets and absence of
] hemipenis in the females, and ovary, oviducts and hemipenis for the inter-
| sexes (See tables I and IT).

We must state here that Klauber in 1943 (50), in a paver 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
sexual abnormality of this species, and thus the conclusions of this author
cannct 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 individuals analysed
Numbers of the Collection from the Institute Butantan
Males:

14481 l 15114 | 15543

2031 ’ 2087’ 14083

666 | 1854 | 1885 | 1938 | 1962 1977

667 | 1855 | 1886 | 1939 1963 | 1980 | 2042 3001 | 14185 | 14482 15119 | 15694
668 | 1864 | 1887 | 1941 | 1964 | 1983 2047 | 14000 | 14187 | 14487 @ 15120 15740
670 | 1865 | 1895 1942 2048 | 14001 | 14188 14490 | 15123 | 15742

15743
15127 | 15804

1965 | 1984
674 | 1867 | 1899 | 1948 | 1966 | 1991 | 2051 | 14012 | 14189 | 14491 | 15126
675 | 1870 | 1905 | 1944 | 1967 | 1992 2052 | 14036 | 14199 ]4494}

676 | 1873 | 1907 | 1945 | 1969 | 1994 | 2054 | 14037 | 14229 | 14405 | 15128 | 15006
679 | 1875 | 1911 | 1951 | 1970 | 1995 2055 | 14059 | 14231 | 14497 | 15136 | 15815
682 | 1876 | 1918 | 1952 | 1971 | 2006 2057 | 14060 | 14233 14500’ 15140 | 15852

684 | 1877 | 1928 | 1958 | 1972 | 2008 | 2069 | 14062 | 14295 | 14507 | 15148 15854
685 | 1880 | 1932 | 1956 | 1974 | 2017 J 2070 | 14064 ‘ 14313 | 14510 | 15150 | Totall54
1854 | 1882 | 1938 | 1960 | 1975 | 2020 | 2071 I 14068 ’ 14478 | 14515 | 15175

1751 | 1884 | 1937 | 1961 | 1976 | 2021 | 2074 | 14082 14480 | 15004 | 15183

Interseves:

Hemipenis present in the right side:

669 1896 | 1934 | 1wsz | 2043 | 13014 | 14072 | 14261 | 14012 | 15130 [ LoSUS
671 1897 1940 1993 2044 13926 | 14075 | 14294 | 14577 15137 | 15807
673 1900 1946 1996 2045 13998 | 14077 | 14321 | 15111 15138 |' 15811
678 1908 1947 1999 2050 14011 | 14079 | 14334 | 15112 15142 15860
688 1909 1949 J 2001 2056 14016 | 14084 | 14350 | 15113 15144 Total:

1737 1918 | 1954 15451 105

2007 | 2058 | 14025 | 14086 | 14483 | 15116
1739 | 1914 | 1955 | 2019 | 2076 ‘14033 14213 | 14492 | 15117 | 15605 |
1881 | 1985 | 1957 | 2025 | 2162 | 14063 | 14228 | 14496 | 15121 15730 |
1883 | 1929 | 1959 | 2040 | 3086 | 14065 | 14230 | 14499 15129 | 15801 J
1859 11930 | 1978 | 2041 | 3089 | 14071 14260 | 14573 | 15132 | 15802

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

Hemipenis presnt on both sides (left and right)

665 ’ be7 | 1898 | i199s | 14010 14070 | 1422¢ 14485 ( 15115 | 15160
672 1874 1901 | 2233 14013 14074 14236 14486 15118 15171
683 | 1878 1916 2156 14017 | 14076 14281 14489 15122 15174
G686 1888 1930 13908 | 14044 | 14078 14293 14493 | 15125 15223
1847 1890 | 1927 13996 | 14049 14080 14476 14505 J 15130 15696

1868 1891 J 1936 14002 14058 14087 14477 14509 15133 15861

1871 | 1892 | 1979 | 14008 | 14060 | 14088 | 14484 | 14511 ‘15145 15867
| Total: 70

Females:

617 (Loool, | 1952 2033 3669 | 14073 | 14508

680 1935 ' 2046 14003 | 14085 { 15619

681 1950 2053 14006 | 14089 | Total: 37

1869 1958 | 2068 14007 | 14232 J_——

1872 1968 | 2075 14040 | 14208

1907 2013 2077 14066 | 14351 ’

1922 | 2032 ‘ 2078 | 14067 | 14498 |

Hermaphrodite: n.» 15843

The italic numbers correspond to the paratypes of the first sample whose sexes were
re-checked. The number 1996 correspond to the Type of Bothrove msuluris,
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TAB I I1

Intersex individuals included in table I which were found to be pregnant.
Both samples presented a 109} occurance of pregnancy.

First sampla

Hemipenis present o
on the right side
Col. 1. B. n.o Right oviduet Left oviduct
1737 7 embryonated eggs 1 embryonated eggs
1914 2 i - ; )
2041 5 5 . s
Hemipenis present,
on both sides:
Col. I. R. no |
£y |
665 3 e : 2 3
686 3 ’ i 3 S} £3)
1878 4 - 6 S ¥
1833 6 i it 4 &3 o
1598 3 ¥ i 4 i i
Second sample
Hemipenis present
on the right side
Col. I. B. n» Right oviduet Left oviduct
15111% 3 embryonated eggs 2 embryvonated eggs
15801 6 A 4 % ]
15802 2 atresic eggs. 2 o -
i 1 embryonated eggs
15803 7 embryonated eggs. ——
15860 2 atresic cggs. 1 embryonated eggs.
. 4 embryonated ecggs.
Hemipenis present
on the both sides:
Col. I. B. ne
15115* 5 embryonated eggs. 3 embryonated eges
15122 2 5 e S
2 atresic eggs. 1 atresic egg
15130 3 embryonated eggs =
3 atresic cggs

15171 Birth of 5 off-springs. 3 died posteriorly
14485 BEggs 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 caleulations 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, can be influenced by ecological and by ageing factors, a successive ana-
lysis has been earried out in the same way as the preceding ome, the scale
numbers being used as the statistical variable factors, *

The statistical analysis of both length measurements and scale numbers
leads approximately to the same conclusions, i.¢. 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 disecussed by Se-
wertzoff (70) and reviewed from the modern evolutionary point of view by
Goldsechmidt (33-34).

The genetic influence on the metamerization of the vertebral column is
diseussed by Kuhne (53) and Fischer (22). All these facts give the scale
number a relevant position as a criterion for the determination of the gene-
tieal sex, because the segmentation of the mesoderm into somites is an em-
bryological step that occurs far before the appearance of the gohadie 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 insects, and not influenced by the
hormones,

The biometrical analysis for the genetical sex has been ecarried out by the
following methods:

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

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

3 — Regression line between body and tail length.

4 — BSeatter diagram correlating to ventral and sub-candal scales.

5 — BStudy of the “diseriminating funetion” between two groups of three

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

The methods indicated 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 character fixed during the early period of deve-
lopment and is far more exact than a differential criterion, both for sexes and as
taxonomic character.
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s two characters related to sex differentiation, and finally the method
cated at 5 considers jointly three characters for the evolution of the sex

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 increase in the head Iength in intersexes of the second group
of captures is clearly evidenced. Statistical significance is given :be the ora-

25 HEAD LENGTH

2 sy ]
e
B 20 7722 24 26 28 30 32 34 3% 35 40 =2

Fig. 1. Frequeney distribution of the head length of males ( 4 ), intersexes ( 4 ) and

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

Abseissae:

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
inereased 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 seecond group of intersexes
being were more masculine than the first one (Fig. 3).
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Tig. 2. Frequency distribution of the body length of males (&), intersexes (g) 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 corresponds to a hermophrodite individual.
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Fig. 3. Tail length of males (g ), intersexes (2) and females (@) of snakes collected
3 *

between 1914-1920 (fufl lines) and between 1946-1953 (broken lines). Ordinates:
number of snakes. Abscissae: tail length (mm). The open eirele corresponds

to a hermaphrodite individual.” v
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Fig. 4. Confidence intervals at the level of 0,95 probability of the head-body-and tail
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Fig. 5. Frequency distributions of the number of dorsal scales of males (g ), females
{ ¢ ) ande intersexes ( 2 ) of snakes collected between 1914-1920 (broken lines)
+
and between 1946-1953 (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 Fligs. 5, 6, 7, and 8). No differences in their characters appear between

' VENTRAL BCALES
1

i i
175

Tig 6. Frequency distributions of the number of ventral seales of males ( g ), intersexes
(&) ande females (@) of snakes collected between 1914-1920 (broken lines) and
+

between 1946-1953 (full lines). The open circle 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 intersexeg belong to the female phenotype and practically does not differ
between the two groups of captures, in spite of the fact 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 subcau-
dals, but as Fig., 5 shows, the modal number is 25 in the males with 23 ag
minor mode. Females show the same main mode at 25, a second one being
also evident in 27 and there is an indication 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. |

A
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SUBCAUDAL SCALES

AN

Fig. 7. Frequency distributions of the number of subeaudal seales
(&) and females ( @ ) of snakes collected between 1014-

65

males ( g ), intersexes
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 T.
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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 called “trunk” without the head, because the statistical
data of the Instituto 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 smakes ineluded in table I. The cross corresponds to a

hermaphrodite individual (snake 15843).

* The correlation coefficient “r” has been calculated for all sexes and intersexes’
and Was found to he close to 1. The standard error of estimate gives an indication for

the variability of the regression.
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these facts indieate that during the development the tail of the males QrOWSs
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 msularis, 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 & good “somatosexual character” maintaining its effect even after cas-
tration and hence being independent from any hormonal action.

4 — Scatter Diagram (ventral and subeaudal scales)

The analysis of the correlation between ventrals and subcaudals, made
by Klauber in many spee1es of snakes, gives an excellent criterion for sexual
differentiation. Fig. 12 shows a sharp distinetion between males, females and
intersexes; the males have fewer ventrals and more subcaudals; the females
and intersexes have more ventrals and fewer subeaundals. A small overlapping

area exists which corresponds to those already considered for single characters.

Vade Fox (29) discussed the variation in seutellation from the taxonomic
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 scale 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: scaling 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 distinction 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 characters, each of which contributes a certain amount
of weigth to the differentiation of the taxonomic groups. For this purpose,
a linear function of the measurements, called discriminant function, was
thougth of, based on the prineciples that it would minimize the ratio of the




49 SEXUAL ABNORMALITIES IN BOTHROPS INSULARIS

differences between the mean values of the groups and the standard devia-
tions within the groups. This condition enables one to compute the value of
each unknown coefficient which enters into the diseriminant funection, and
50 to solve the algebraic problem connected with the complete speecification of

the investigated function,

In our case, we have captured in each expedition three different sexual
groups of snakes: the typical male and female groups, and the so called
intersexes group. The problem was to decide whether the intersex group was
a typical 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
discriminant 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 scales. 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

function then taking for both the form of

x = hxy L+ laze | lazs (1)

where 1, 2s, @3 are the values of each of three independent variables and
l1, ls, Iy parametric constants to be determined in each case by the available
data of the typieal male and female groups. The necessary data for the
coﬁlput&tion of the parameters are summarized in table IV for lengths and
in table V for scale numbers, the general disposition of elements following
Johnson’s (40) text booy for both tables.

As explained in the above mentioned Fisher’s paper, the computation of
the paramenters l1, l», Iz 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 mumbers, the second members of the linear equations
being the differences d of the tables IV and V respectively. The value itself
of each computed parameter is found in table VIII, as well as each of its stan-
dard error calculated according to Kendall (45). The last ecolumn of this same

table shows that the least discriminative variable factor is the length of body




Mem. Inst, Butantan, A. R. HOGE, H E. BELLUOMINI, 43
29:17-88. 1959. » G. BCHREIBER, A. M. PENHA

for one of the discriminant functions, and the dorsal scale numbers for the
gsecond diseriminant function.

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

TABLE III

Mean values for discriminant functions (See equafion 1)

Independent variables

Diseriminant funetion

| |
L |
Female averages | Intersex averages

Male averages

|
|
|
|

Relative to length........ ... ... 0,019 0,066 0,076
Relative to seale numbers. ....... 0,553 0,598 0,594
TABLE 1V

Data for the computation of a discriminant Junction relative to head lenght (X3), body lenght (X2)
and tail lenght (Xs).

MALE FEMALE INTERSEX

N ;154 97 176
SX, \ 43102 1149,0 6081,0

%1 27,0883 31,0540 34 5511
S%, 90704 22830 119313

Xz 588.9870 617,0270 677,0148
SXs 15884 3172 18073

X3 103,1428 - 93,8378 102,6875
8X, 2 122285 40 36360,48
8,2 54221104 14375700
SX3° 1665820 333856
SK. X 25716888 721756,3
SN, %, 450300,3 100876,6
B X, 0488511 2186285
i 3,0657
ds 28,0400
ds -9,3030

N = number of specimens.
= summation sign for whole sample.
differences between female and male averages.

[= 0 o}
i
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A BB V.

Dala for the computation of a discriminant Junction relative to number of dorsal scales (Xy), ventral

scales (Xz), and subcaudal scales (Xj).

|
MALE '

. FEMALE INTERSEX
N . 154 37 176
SX; ' 3778 038 4493
X1 24 5325 95,3513 25,5284
SX, 27844 6909 32739
X 180,8052 186,7297 186,0170
Sx, 8999 2014 9653
Xs - 58,4351 54,4324 54,8466
SX?, 92830 23800
SX? 5035782 1290401
SX,2 526599 109832
BX, X, 683044 175151
SXiXs | 220742 51056
SHL,X; 1 1627213 376036
dy 0,8189
ds 5,0245
3 —4,0026

(Notation similar to that of table IV)

TABLE VI

Sums of squares and products of three measurements, table IV, within male and Jemale sexes, for
length
Head (X3) Body (X3) J Tail (X53)
|

HeadSEemEs_ .~ 2329,5509 45829,223 | 7790,8816
Body (&) 0 18 — 1086598,96 177008,453
Tail (Xg)o S e — — ‘ 35549 886

TABLE VII

Sums of squares and products of three measurements, lable V, within male and femcle sexes, for
scale number

Ventral side (X»)

; Dorsal side (X;) Subecaudal side (Xj)

Dorsal side (X;)...... 166,7702 -39,511
Ventral side (Xa)..... — 1727454
Subecaudal side {X3). . — R —

-27,2069
109,377
946,9318
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value is even beyond that for females. As pointed out also by Fisher, to
each diseriminant function an analysis of variance can be applied which shows
the degree of reliability attached to its diseriminative power. This is shown
in table IX where the value of the probability corresponding to the F-test of
each diseriminant funection specified in the first column is expressed in the
last column. For comparision, the same table contains besides the diserimi-
nant funetion for length and seale numbers, each with three independent
variables, the F-test for six other diseriminant funmetions with only two or
even one variable alone, obtained by similar processes with the appropriate
data of table IV. Judging by the F-test, the least diseriminative functions is
that based on length of body alone, a conclusion which is in agreement with
the information given in the last column of table VIII; on the other hand the

TABLE VIII

Discriminant funections with three independent variables

Discriminant Independent Parameter Standard error | Ratio parameter
funetion variable x109) (x109) standard error
Head (X)) 6708 (1) : 808 8,3
Relative to length | Body (X2) 132 (Is) | 44 3,0
Tail (X3) 2391 (I3) | 196 12,2
’ !
Relative to scale | Dorsal side (Xi) 5078 (11) ‘ 1206 | 42
number Ventral side (Xo) 3832 (I2) 375 i 10,2
Subcaudal side ‘ |
58 4523 () | 507 , 8.9
| |

The variable for body length (X) actually consists of head lenght (X;) plus body length in
‘ narrow sense (Xz—Xj).

TABLE IX
Significance tests for discriminant functions
i |
[ |
Component independent variables df Vi_g?l;e F % Pm]l;z:}:lhty

| |
i 5 v 90 P R 0 4 e 1:189 ‘ 21,35 22,743 ! .< 0,01
Body length .. . spbisme tomane cone it 1:189 | 3,82 4,083 =0,05
L A B s i R i 17807 "7 1288 13,724 | < 0,01
Head - Bodys{Lengthiban. #ev s at o 2:188 | 51,40 27,106 < 0,01
Body—-x Tail  (lengih) seeisn b i 2:188 | 156,30 32,398 < 0.01
Head X Tail (Length)............ ... .. 2:188 | 23576 124202 | <001
Head X Body X Tail (Length). .. ... 3:187 { 248 79 86,515 < 0,01
Dorsal X Ventral X Subcaudal (Scales; 3.187 I\ 240,46 83,617 < 0,01

d. f. = degrees of freedom
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best one seems to be the dual discriminant function based on length of head
and tail together, instead of three variable diseriminant funetions used at
first; the U-statistic test of Rao (62) showed, however, no significant difference
between both funections, which means again that the third variable body length,
does not contribute significantly to the differentiation of snake sexes. (It can

be proved that the F-test with one variable alone here used is equivalent to
a t-test between male and female mean values of the involved variables).

TABLE X
Mean and standard deviation of each variable acrording fo sex and capture sample, for length
; Head Body Tail
Sex Capture | Number of Dfiscrimins{»;:t
> i £
Aamule. S ehCammens Mean 8. B, Mean | 8. D. Mean 8. D. UL
Intersex 1 76 32,78 5,29 644,06 96,96 95,79 13,27 0,076
jus 100 35,90 4,42 703,64 84,97 | 107,93 14,06 0,076
Female I 22 29,73 3,80 502,04 77,72 89,36 13,08 0,064
T 15 32,99 4,49 653,67 9571 | 10040 15,61 0,068
5
Male I 93 27,71, 3,41 581,76 75,05 101,05 1413 | ¢ 0,021
II 61 28,41 3,08 600,00 66,03 106,33 11,62 0,016

(¥ Discriminant function with three independent variables: head, body and tail length,

Values computed with
more decimals than those given for the mean sample variables,

TABIE X1

Mean and standard deviation of each variable according to sex and capture sample, for scale number

Dorsal scales Ventral scales | Subcaudal scales

Sex Capture | Number of Digeriminant

Sex = : Finatanl¥

ey A e | N | B0, raiesnstel 18 Bl
Intersex I 76 25,47 0,85 185,98 3,46 54,59 2,37 0,595
I 100 25,567 0,94 186,04 3,09 55,04 2,34 0,594
Female I 2 25,36 0,79 186,23 2,72 54,18 2,15 0,597
I 15 25,33 0,72 187,47 2,87 54,80 2,72 9,599
Male g 93 24,53 1,00 180,57 3,09 58,32 2,37 4,553
11 61 24,51 0,94 181,16 3,00 58,61 1,92 0,554

(*) Discriminant function with three independent variables: dorsal scales, ventral seales, and subeaudal scales.
Values computed with more decimals than those given for the mear sample variables.

Table X gives the averages and standard deviations of head, body and
tail lengths for intersex, male and female groups in each of the captures I
or 1L, along with the value of the diseriminant function with three variables
for length; similar data are presented in fable XI for seale numbers. Con-
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firming previous statements, both tableg show that intersexes and females seem
to form a homogeneous group with values of their discriminant funections
almost independent from the capture samples, but quite distinet from the
corresponding values for males. The values for the respective discriminant
funetions for lengths and secale numbers were plotted in fig. 13.

DISCRIMINANT FUNCTION
{Table 17-18)
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Fig. 13. Discriminant function for length and seale numbers for snakes collected between
1914-1920 (full cireles) and between 1946-1953 (empty circles).

B — Variation of the sex ratio in the population

As stated in our introduetion chapter, the specimens of imsularis her
studied have been captured in sucessive expeditions to “Queimada Grande”
island and have been grouped in two distinet periods, separated by a gap of
time of about 25 years. From the collected snakes 367 well prepared specimens
have been selected for the statistical analysis. The snakes of the first group
have been captured between 1914 and 1920, and those of the seecond group
between 1946 and 1953. A third group of 81 individuals ecaptured during
1954 and 1957 is not included in the data here published and will be the
subject of a future paper. In the last captures special emphasis has been
paid to the ecological distribution of the snakes in the different parts of the
island, taking in account the frequency of the sexes in the different envi-
ronments, but as far as we can infer from these captures no selective ecological
difference exists between sexes or intersexes.

Figs. 14 and 15 show the percentage of sexes in the three groups ecaptu-
red, A decrease in the frequency of males and an inerease of intersxees is
evident. The frequency of the females appears almost invariable. The diffe-
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rence between the males of the groups, as well as those of the interseses are
statistically significant. The difference between the two groups of females is
not significant. These facts show that a variation in the composition of the

SEX RATIO
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R - Right hemipenis only
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L - Left hemipenis oniy
Hemipenis

Fig. 14. Bex ratio in Bothrops insularis at different periods. The data of the third
sample will be discussed in a future paper.
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Fig. 15. Sex ratio in Bothrops insularis at different periods.
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population from the sexual point of view is in action, and although far from
being easy to interpret, are here considered very important.

If the intersexes were genetically males, their increased frequency and
the corresponding decrease of males would be interpreted as an increase of
the factors influencing intersexuality in the povpulation during the 30 years.
But this seems not to be the case because, with great probability, the inter-
sexes are genetically females. We shall discuss further on the possibility,
that some females could become intersexes after birth. This would be possibla
by both the statistical analysis of the somatosexual characters and the embryo-
logical observations.

A shift of the percentage of the sexes during the 30 years period would
thus be determined by other factors. Our data on the sex ratio of the embryos
of Bothrops insularis are not sufficient. As shown in the next éhapter, n
other species of snakes there is a rather good 1:1 sex ratio between the embryos
borne by one female, or between groups of embryos of ovoviparous species. But,
for the insularis embryos there is a great variability, and a good deal of fer-
tilized eggs shows degenerescence. Even if we could have more data on this
fact in the second and third groups of captures, these data would not have
great interest for our problem because of the lack of information in this respect
for the first group of captures. This group had been collected before the
discovery of the abnormality, and no embryo was examined by the collector
at that time. From the first group of captures we can infer that, if really
the intersexes were genetically females, the sex ratio would be 1:1, that is
the approximate ratio between the number of males and the sum of both true
females and intersexes (Fig. 15). This is not true for the second group . If
the first eroup 1'9&11}; had the sex ratio as assumed above, we could present
the facts as follows: some of the individuals genetically females have a factor
that determine the appearence of the hemipenis. This factor does not inter-
fere with the breeding capacity of these females, although perhaps there is
a diminution in fertility, in comparison, for instance, with the Bothrops
jararace, common “jararaca”, and with great probability there is some factor
that inhibits the fertilitv in true females (those without the factores for

hemipenis).

During the last 25 years the approximate ratio of 1:1 between the males
and the sum of females and intersexes showed a deerease from the initial value
of 1:1 in favour of the intersexes. It is possible that lethal factors eliminate

a certaln number of males during the first period of life. The inerease in the
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percentage of intersexes may perhaps be ascribed to the selective pressure of
the ecological environment, to which the intersexes are better fitted. Secondly
the increase in the percentage of intersexes may be the result of the high grade
of inbreeding in the isolated population that vesults in the appearence of a
higher number of recessive homozigotic phenotypes, and finally a third factor
can be supposed : the increase of the rate of the eventual mutation that deter-
mines the intersexuality in the the population. For the present the problem
has to be left at this stage. A further attempt to interpret these faects, in
terms of population geneties based on some working hypothesis on the gene-
tical factors of the abnormality, will be published in the future.

EMBRYOLOGICAL OBSERVATIONS IN THE GONADS

A — Imtroduction and Technique

Having captured some pregnant Bothrops insularis, it has besn possible
to study the development of the gonads of the embryecs in order to inquire
whether some disturbances on the relation between the ambisexual parts of
hystological constitution of the embryonal gonad are related to the presence
of the hemipenis. In all Ophidia it is possible to regognize easily the sex of
the embryos by the hemipenis everted during the whole period of development.
In other species of snakes (Bothrops jararaca, Crotalus, Xenodon, ete...), as
we have already stated, the sex ratio is always 1:1, one half of the embryos
with, and the other half withouth, hemipenis. The histological constitution
of the gonads always confirms the sex as determined by the hemipenis. In
Bothrops insularis, however, the presence of hemipenis is insufficient to indicate
the sex of the animal examined. In faect, of all the embryos studied, only one
was completely deprived of this organ and all the others presented a more
or less developed hemipenis on both sides or on the rigth side only (Figs. 16, 17
and 18). The degree of development of the hemipenis was ebnventiona]]y
indicated by three stages (4-+4-4) (+4+-+) and (+) as shown in Table XII
and in Fig. 18. We shall return to this argument further on. :

All pregnant mothers were intersexes and, as we have already stated, no
true females have ever been encountered in a pregnant state. The development
of the gonads and their amomalies have been studied specially by Forbes
(24-28) in alligators and Risley (63-66) in Chelonia. In Chelonia there exists
in the testicles of the embryos a transitory cortex, in alligators the transitory
cortex persists in the testicles and a medullary zone persists longer in the
juvenile ovaries. The only case of intersexmality in adult Reptilians has been
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Fig. 16 — Male Bothrops insularis with the

hemipenis njected wth paraffin.

Fig. 17 — Ventral view of a dissected Bothrops

insularis showing oviduet, c’oaca and hemipenis at
both sides.
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deseribed by Matthey (57) in the turtle Ewmys europea, in which an ovary

existed on one side and an ovotestis on the other.

Experimental intersexuality has been obtained by Dantehakoft (15-13)
in Lacerta, by Forbes (24-28) in Alligator, by Kehl (41-44) in various lacer-
tids, and by Risley (63-66) in turtles. By treating the embryos in a later
pericd -of development in which the gonads were sexually determined, the

lagt anthor obtained only the stimulafion of the copulatory organs towards

7‘3': c/fr/ﬁ' 4

Fig. 18 — Different types of hemipenis presented by embryos of Bothrops

insularis. The figures correspond to the embryos included in table XII
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the male sex, although the gonads do not respond to the hormonal stimulation

towards an inversion to the originary sex. Nothing is known in this respeet

about Ophidia.

Summing up, it is evident that in reptile embryos, the gonads retain their
bipotentiality through a period rather advanced of their development, and
the ovaries retain the medulla longer than the testicles retain cortex.

B — Description of the Embryonal Gonads in Bothrops insularis and

The following embryoes have been studied

other Snakes.

TABLE XII

Fully developed embryos of Bothrops insularis studied histologically

(Tables XTIT and XIV).

Mothers Embryos | ‘
Sex Sex
|
e e e T N S EmE e Tl s B RS T
B | |
‘\ Slide | Embryo | ‘ D:gree of |
{ number | identifi- | Sex* | h-mipeni i Obsc - vorinns
‘ cation | | leve lopme: ‘
| |
e PR e e e T e R T e T T
: , |
Intersex ne 15115 IB 740 I a male Sl | Cotex t acs in tes-
| ‘ tiel s
741 | b male 1
Embryes of 130mm [z e male ‘ o
! B d female — Total ab of he-
\ ‘ miper?
806 ¢ mals 4+
808 f mele \ et
6 males — 1 femalo 807 | . g e S ST e
732 h = St | Histclog'cal lost ma-
} i , : | terial
| | |
| I . |
e L e e e e e R
Intersex n.e 15111 IB 727 | a mal» -
T3 b female + i Only:i'ght h mipenis
|
804 | & male |
3 males — 2 intersexes| 805 | d mals : + - ‘
728 | e female | + | Only 1 ft homipenis
| | | presalf
‘ |
* Sex — as determired histologically.

** See text.
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TABLE XIII

Farly embryos of Bothrops insularis studied histologically

|
Species !‘ o s B ‘ Embryos | Prep. n.e \ Observations
| mother R T8 v v
s SO A el R | e L ke s s b Sl o kel
|
B. insuloris. .. 15.860 35-40 | 763 Germinative epithelium
35-40 ‘ 769 i Without gonocytes
3540 ‘ 770 [
il Rt e T B b SR Sk et f_\ o L SR N )
[ |
B. insularis. .. I 15.868 ! 60-70 773 Gonocytes
'; 60-70 ‘ 872 | Both in cortex and marrow
- e
B. jararaca. . . 15.862 \ 70 \ 774 Gonocytes
|

TABLE XIV

Embryos from other species and new-born snakes Studied histologicallv

I
|
| @

ax hystological ‘

Species mm, = s Observations
; N.o preparation Ii
|
AR e ad R e s L T L
Xenodon merremii. . . . . 99 | 386 male Cortex traces in testicles — Gonocytes
" in cortex and marrow
X enodon merremit. . . .. 180 | 730 male Testicles well differentiated
180 | 729 Ovocytes in lepto and pakitene
e, IS G b Aol v Bl s
Crotalus d. terrificus. .. | newhorn 832 male Clonads sexually well differentiated.
837 female i
ko S e A R L U o ) [t T uchi L b A e TR R T S
\ \
Bothrops alternatus. . . .. 24 hous | 848 male Gonads sexually well differentiated
after the 854 female
birth 839 female Ovoeytes in lepto and pakitene

Bothrops insulariss embryos of 35-40 mm.

Bothrops insularis: embryos of 60-70 mm,
Bothrops insularis: embryos of 130 mm.

Bothrops insularis: embryos of 160 mm.

Bothrops jararaca: embryos of 70 mme

Bothrops alternatus: embrios of 24 hours (neworn)
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Crotalus durissus terrificus: embryos of 24 hours (newborn).

Xenodon merremit: embryos of 99 mm.

Xenodon merremii: embryos of 180 mm. (almost at hatching).

All the embryos have been transversally sectioned in four segments of
equal length, indicated as A, B, C, starting from the cloaecal region in caudo-
cranial direction. The embryos of 35 to 70 mm were arranged with all con-
secutive segments paralleling each other in the same paraffin block and sectio-
ned together. This methnd facilitates the reconstruction and the immediate
identification of the gonads. More advanced embryos and newborns have been
dissected and the gonads and kidney fixed separately. All embryos have been
fixed in Bouin fluid, stained with Harris or Haidenhain hematoxilin and eosin.
Some sections have been stained with trichromic Mallory or with Feulgen.

In the younger embryos (35 mm) the gonadal ridge is.very long and
in the transverse section it appears on both sides. In older embryos there
is an asymetry as in the adults, and the rigth genad is more cranial than the
left one. For this reason in the older insularis embryos of 130-170 mm the
gonad 1s present only at one side of a section.

We shall briefly deseribe here the situation of the gonads of the embryos
in an age sequence.

1 — Embryos of Bothrops insularis of 35-40 mm from the pregnant inter-
sex n.% 15.860. The embryonated eggs have been opened and the embryos
fixed as soon as the amniotic cavity was open. The embryos have been
stretched on a Petri dish, measured and fixed. They were then sectioned in
the A, B, C and D segments as previously deseribed.

Plate T A (é_mbr_\'o 763 and 769) (35-40 mm) shows a transversal section
of this stage. The genital ridge on both sides of the mesentery is constituted
by one layer of epithelium with some rare primary gonocytes distinguished by
their larger size.. The interrenal medullar blastem is clearly distinguished also
by bearing some rare gonocytes.® The gonads in this stage are thus com-
pletely undifferentiated. The mullerian duct ig clearly visible as a little
groove on the external and dorsal side of the coelomatic epithelium.

Dorsally, this medullar blastem of the inferrenals is eclearly visible and- in some
section it is in direet continuity with the medulla of the gonads. These interrenal blastems
are well defined and completely independent from the mesonephric tissue.

These observations shoy a histogenetic identity of the gonadic medulla and the interre-
nal blastem as shown by Vannini (72-73) in Amphibians, Birds and Mammalians and by
Chieffi in Selachians (9). We shall emphasize here these observations that complete the
picture of the identity of origin of the two tissues (interrenal and medullar of the gonads)
in the Ophidia.
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Plate 7
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Plate 9
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Plate 12
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Embryos n.° 740 (mother 15.115) “a”. The gonads have the structure
of a well differentiated testicle, and lack mulleriam ducts. Cortical epithelium
1s monolayer and lacks gonocytes. Only at the cranial region of the left tes.
ticle there is a little cortical zone with pluristratifield epithelium limited to
a few sections and without any gonoeytes. Like the epithelium, medulla tubule
actively proliferating but with few gon()e):t.es, (Plate 10 I).

Embryo n.? 41 “b, ¢”, same mother as the precedent. This one, as well
4s embryo n® 742 “c” ‘has the same testicular structure as n.® 740. Rare

gonoeytes and no mullerian duet.

Embryo n.° 733 “a”, the gonad is typically feminine, connected with the
mescnephros by a peritoneal peduncle (plate 10 J). Cortex plaristratified,
with gonocytes. Medullar cords solid, well separated from the cortex by a
connective layer. Sometimes, the cords show a tubular structure clearly
evident in longitudinal section (plate 10 L). Gonocytes distinetly localized
in the certex, although some rare ones are spread into the cavity of ths me-
dullar cords. The gonocytes of the cortex have a well differentiated layer of
follicular cells. Mullerian ducts well developed (plate 10 M). This embryo
was the only one showing lack of hemipenial structure,

Embryos n.% 806 “c”, n.° 807 and 808. All with testicular gonads as
n.° 741 and 742, Strong proliferation of the medullar canals, but with few
gonocytes. Scme gonoeytes spread into the extra medullar conjunetive tissue,
near to the epithelium of the coelomatic eavity, Mullerian duets totally
lacking. 1In all these embryos the interrenal presented zone of epithelial cords
dorsally and laterally to the mesonephros and in some sections there are isles
of paragangliar tissue.

6 — Embryos ‘of the intersezual mother n.° 15.111 — 160 mm.

Embryo m.2 727 “a”.  This is the embryo with the most developed hemi-
penis. Testicles well evident, but not more developed than these of the em-
bryos from mother n® 15.115. The tubullar strueture of the medulla is
perhaps more clearly defined. Few gonoeytes.  Absence of mullerian ducts
(plate 11-N-O-P).

Embryo n.0 798 “e”. Hemipenis only on left side, Ovary with pluris-
tratified cortex at the central region. At the sides the epithelium is monos-
tratified. Rare gonoeytes in the cortex and in the conjunctive tissue, but
not in the medullar ecords. Longitndinal seetion as in the embryo n.° 733, (Plats
12 Q-R-S). Miillerian ducts well developed.

Embryo n.? 731 “pb”, Hemipenis only on rigth side, not well daveloped.
Gonads with feminine structure, with pluristratified cortex well separated by
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a layer of conjunctive tissue from the non-tubular medullar cords. Rare
gonocytes in the cortex as well as in the medullar cords, Two well developed
mullerian ducts.

Embryos n.° 804 and 805. Testicles with the tubular structure of the
medulla with rare gonoeytes. No mullerian ducts. Hemipenis well developed
on both sides.

7 — Embryo of Xenodon merremii of 180 mm,

Embryo n.? 729 (with well developed hemipenis) (plate 13 T-U). Tes-
ticles well developed, with solid medullar cords isolated in the middle of a
loose conjunctive. Gonocytes frequently with mitotic stages. No vestiges of
the cortex.

Embryo n.° 730 (without hemipenis). Ovary well developed with a
oreat central eavity surrounded by endothelium. Cortex pluristratified thicker
at the ventral region, with many gonocytes at the lepto and pachitene stages
(plate 14 V-W). Tt is to be noted that the ovary at this stage is more precocius
than the testicles in which no gonocyte appear to have begun the meiotic
evolution.

8 — Embryos of Crotalus durissus tervificus (24 hours after birth). Omne
male and one female embryos of this lot have been dissected and the gonads
tixed together with the kidney.

Newborn n.° 832 (male. Testicles well differentiated, bound to the kidney.
Medullar cords without lumen, with few gonoeytes in mitotic proliferation.

Newborn n. 837 (female). Ovary sac-like with the endothelinm of the
cavity folded. Cortex only at the ventral side with few gonoeytes.

9 — Embryos of Bothrops alternatus (24 hours after birth). Gonads
fixed separately as indicated for Crotalus.

Newborn n.? 848 (male). Testicle with solid eords rich in gonocytes arres-
ting stage. :

Newborn n.0 854 (female), Ovary sac-like with cavity endotelium folded.
Sortex limited to inner shide proximal to the kidney. Many gonocytes with
different nuclear sizes. Leptothene well evident.

Newborn n.° 865 (female) Like preceding one.

Newborn n.° 859 (male). Testicles very large. Medullary cords solid,
but rich in gonoeytes of variable size, some of them in mitosis.

Note — The numbers 15.111 and 15.115 refer to the enumeration used in the Collection
of the Instituto Butantan. The number 763=and those following refer to the hystological
preparation at the Imstitute of Biology at Belo Horizonte.
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C —  Discussion of the embryological researches

Summing up what we have observed in the embryos it is possible to come
to the following conclusions:

1 — In the embryos of 30-70 mm _of insularis, as well as of “jararaca”,
probably during the first half of the Igi"cgnanuy the gonads are not sexually
differentiated and localization of the gonocytes in the genetical ridge is already
at the beginning. At this phase it is interesting to note that the medullar
tissue is still connected with the interrenal blastem.

2 — In the embryos of Xenodon, probably during the first half of the
pregnancy period, the gonads are sexually differentiated but the testicles
retain an evident remain of cortex, as the ovaries retain a noteworthy portion
of the medulla, both sexes bearing gonocytes in hoth parts of the gonad.

3 — In the embryos of msularis of 130 mm., probably no far from the
birth, the sex is perfectly differentiated. The differentiation of the ovaries
is slightly delayed, retaining a medulla as the solid cord stage; the central
cavity of the ovary is not vet opened. The testicles are well constituted still
at the solid stage of the medullar cords. Only one testicle was found retaining
a residue of cortex at one apex.

4 — In newborn snakes, as observed in Xenodon merremii, Crotalus du-
rissus terrificus and Bothrops alternatus, the gonads are perfectly differen-
tiated from the histological point of view full of oonocytes, and the ovaries
have gonocytes at the beginning of the meiotie prophase, while the testicles
bear gonoeytes still in mitosis.

Although this series of stages has not been fashioned with a unigue species
of sunakes, the seriation appears to be quite complete. No newborn of insularis
has been sacrificed for histological researches, because of the hope to raise
them to maturity or to some crossings with related species of Bothrops. T1In-
fortunately, they usually died shortly after birth and no good material for
histological work eould be preserved. The observation seems to confirms
Risley’s statement that some residue of the blastem of the opposite sex 1s
retained in the full differentiated gonads in both sexes, but that the ovary is,
in general, provided with medullar blastem for longer time. At birth, however,
it seems that the ovary is ready to intiate meiosis before the testicles.

The embryological researches in the problem of the intersexuality of
insularis arve thus clearly indicating that the individuals bearing hemipenis
on one side only are histologically females, while some embryos with a poorly
developed but bilateral hemipenis, were definitely males. The sole individual
completely deprived of a hemipenis, was definitely female. The intersexes are
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not only females from the point of view of histology of the ovary, but bear
1wo well differentiated mullerian ducts that never exist in embryos with
testicles. :

We cannot, at present, deny that the residue of cortex which ean be found
in some embryos could subsequently develop into an ovarian cortex, and the
medulla degenerate, thus giving a true sex inversion. It seems that this faet
can really be accomplished in some Reptilians by hormone treatment in the
embryonal stage. Nothing is known about this possibility in snakes nor does
it appear to be possible in other reptiles in a more advanced period of deve-
Jopment of the gonads (Risley). The fact that only the cloacal region 18
sensitive to hormone treatment in this later period seems to be interesting for
the case of the nsularis, in which the only maseuline character of the inter-
sexes is precisely the development of a hemipenis at the sexual gensitive region
of the cloaca.

The statistical analysis shows the feminine nature of the intersexes, and
we discussed the genetical value of the somatosexual characters of the pholi-
dosis. However, we must not forget that the statistieal analysis shows also
an overlapping cf the dispersion field of all the sexes ar'i;d intersexes. We
cannot deny, due to this fact, that some males with the pholidotic e¢haracters
more feminine, and thus genetically not so strong males, could eventually
during the development invert the gonadic constitution with an overgrowing
of the cortical residuals (sze discussion for the diminution of snakes and
increasse of intersexes). The same can be said of some genetical females, more
deviated towards maleness from the statistical point of view in which the
medullar region of the gonads or part of the adrenal tissue could eventually
take an advantace and at least influence the inversion of the cloacal territory
into a hemipenis (even in the embryonic period). This is all theoretical
speculation that we must consider as a possibility, aceording to the data at
our disposal. We shall discuss later the problem of the nomenclature of the
sexual abnormalities of insularis, but we can state here that it is not an easy
task, and at present the term “intersexuality”, specially in the broad sense
of the classification of E. Padoa (58), is still the best to be used.

5 — A case of true hermaphroditism.

During the visit to “Queimada Grande” island from november 24 to
december 3, 1953, one specimen of Bothrops insularis was found that pre-
sented a special interest and is here disenssed in more detail. This snake
(Instituto Butantan, n.° 15.843), dissected in december 15, 1953, presented
both rigth and left hemipenis well developed, and normal left and rigth ovaries,
but at the left side there was # testicle of about normal size. The cloaca
received on the dight side the mullerian duct as a normal oviduet. On the
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loft side both an oviduet and a Wollfian duet reached the cloaca. Smears of
the econtents of the cloaca, and also of the surface of sections of testicles made
during the disseetion, showed the presence of mature spermatozoids. The his-
tological analysis of this testicles, fixed in Bouin, showed that it was at the
end of the breeding season, just as testicles of normal insularis and Bothrops
jararace males, fixed at the same time for control.

At the end of the breeding season, only few spermatogonia are found on
the periphery of the cross section of spermatic tubules. Spermatocytes and
spermatides, of various stages, some of them more or less pyenotie and without
any rieiotic division, are found at this stage. In the lumen of the canalicles
clumps of ripe spermatozoids are found, as well as spermatozoids attached to
the Sertolian cells (plate 15 Z-Za) From this picture we can infer that with
orcat probability the testicle of this snake was funetioning normally.

We must remind here of a special feature of the spermatogenesis of snakes
deseribed previously by Schreiber (67) that was evident in these specimens.
Plate (15x) show the smear of the spermatozoid stained with (Jiemsa and
Iematoxylin-eosin. Among the normal spermatozoids therg exists a few larger
ones although perfectly normal in shape, and more susceptible to staining.

A statistical analysis of the lenght of the spermatozoid heads shows that
the giant ones belong to a separate size class. There are more or less 3,8% of,
these oiant spermatozoids (461 measured). We are not giving a special em-
phasis to this spermatozoid “dimegaly” because it has been found also in other
species of snakes such as Crotalus durissus terrificus, Bothrops jararaca, Bo-
throps insularis, Bothrops atroz, Xenodon merremii, Tomodon dorsatus, Oxy-
rhopus trigeminus and Evythrolamprus aesculapit by Schreiber (67). Until new
similar instances appear, no excessive importance should be given to this case.
SQuch cases of hermaphroditism are known in many other vertebrates, in which
a part of the ovary develops into a testicle by a predominance of medullary
cords, thus, an ovotestis or separate testicles, being formed. The other inter-
sexes of insularis never appear to bear testicles and the only disturbance in
the phenotypie sex is a far greater incidence of the hemipenis in the population
than any other sex abnormality in other animals.

The case of n.° 15.843 is quite different from the others that have been
described now in insularis, because of the simultaneous presence of ovaries and
testicles. This snake is sitnated in a strange position on the diagrams. As
for the ventral scales, it is close to the male group, but as for the subcaudals
it is more feminine. Nevertheless, for the tail length this snake is definitely
more maseuline in the histogram (Figs. 12 and 13).
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We cannot classify clearly this case as one of gynandromorphism, owing
to the fact that although a testicle was present on one side only, the ovaries
and hemipenis are on both sides. It is clear that the case is one of herma-
phroditism, but we cannot say whether it was “sufficient”, that is whether
the spermatozoids of the same snakes were the ones present in the cloaca,
owing to the fact that in snakes the spermatozoids found in the cloaca a long
time after copulation. We must wait for more cases of this type, and leave
this one as an open problem. The evolutionary side of the problem will be
discussed later. We must remember the case of the pig in the New Hebrids
islands deseribed by Baker (4. 5). This author found a great variety of
“sex Intergrade” in pigs both in England and in New Hebrids. There are
different cases of intersexes in pigs. Some are true hermaphrodites in which
an ovary is present on one side with an ovotestis on the other. In the case
of the Sus papuensis, however, the fact is somewhat different. All the inter-
sexes bear testicles only (in different degrees of atrophy) but they have the
external female genitals, although always lacking vestiges of uterus, vagina
or ovaries. This case is closer to that of insularis, with the difference of the
genetic sex of the intersexes (males in pig and females in imsularis). Only
the anatomy of the external genitals is concerned in both cases. The diffe-
rence between Sus papuensis and Bothrops insularis, however, is that the inter-
sexes of the snake are functionally fertile females, while in the pig there is
an atrophy of the testicle and the intersexes are sterils.

The high frequency of the intersexes of Sus papuensis together with the
fact the the abnormality is localized in an insular population could lead to a
comparision with the Queimada Grande snake. But we must remember also
that the high frequeney of pig intersexes is maintained on the island by a
careful breeding of intersexes producing by the natives for religious traditions.
We cannot ascertain whether natural selection or genentic factors are respon-
sible for the high frequency of intersexes in the case of insularis because the

population lives in entirely natural conditions.
6 — Caryometric Researches for Ploidy Disturbances

As in Drosophile an intersexual condition has been found in triploid
vertebrate individuals (20-21). Triploid larvas of Rana piviens as well as
triploid newts suffer a transformation of the female gonad into a testicle
during the development. The triploid genome alters the equilibrium among
the sex factors and shifts the development of the gonads towards maleness.
The ecriterion for detecting poliploidy used by Fankhauser (20-21) has been
the nuclear size and the number of nucleoili in the somatic tissue. We tried
the same criterion in Bothrops insularis in an attempt to see whether inter-
sexes could eventually be related to a disturbance in ploidy.
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The nuclear sizes of liver cells of males, true femailes and intersexes have
been measured. The caryometric technique used was the one largely developed
at the Institute of Biology of the University of Minas Gerais (68). No diffe-
rences in nuclear size which could be aseribed to differences in pleidy have
been detected between normal sexes and intersexes The liver of Ophidia does
not present the adult endopolyploidic growth of the nuclei as in mammals
(Jacobj series). So, a unique size class of cells constitutes the liver paren-
chyma. TIf triploid or other ploidic disturbances would be the genetie basis
of the intersexuality in insularis, it would be clearly represented n the somatie
tissues by a quite different caryometrie pieture as the one we found in the
histograms here presented.

The supposition that a disturbance in ploidy would eventually oceur in
insularis had a basis on the higher percentage of giant spermatozoids. Al-
though this fact is not specifie for the insulars, but found in almost all Ophi-
dia, the insularis examined has a rather higher frequence of these giant
spermatozoid. The possibility that these giant spermatozoid were fertile, and
being either non-reduced, or haploid with dimerous c¢hromosomes, could even-
tually give a triploid zygote, with consequent disturbances in sexdevelopment.
As we have seen from researches in Amphibians, by Fankhauser (20,21) the
study of somatic cells can give a good information on the quantitative state
of the genome. So, we can, practically, dismiss our wourking hypothesis of
the triploidy as the cause of the intersexuality in Bothrops insularis.

7 — Classification of the Sexual Abnormality

The facts here examined indicats that in Bothrops insularis there is an
abnormal eondition in sex development that has as fundamental manifestation
the existence of a male copulatory crgan (hemipenis) in a certain number of
temales. We have no cytological proof to assert that these individuals are
genetically females. Very little is known on the eytological determination of
sex in Ophidia (56). From the caryometric analysis of somatic - tissues, we
can only infer that there are no differences in ploidy between the normal
sexes and the anomalous in dividuals.

An indication about the genetical nature of these intersexes is given by
the statistical analysis of quantitative characters and specially of the pholi-
dotic differences. Specially remarkable is the number of ventral scales, that
with oreat probability is a true “somatosexual” trait whose embryological
determination is as early as the mesoderm segmentation into somites. A
marked difference between males and females is shown by this character,
although with some dispersion that gives a large overlapping territory. The
statistical significance of these differences is shown with very good clearness
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by the application of the “discriminant functions”, which takes into conside-
ration the whole group of sex differentiating characters.

The statistical analysis demonstrates that the intersexes belong to the
vartations field of females in almost all the quantitative characters here exa-
mined. Specially the number of ventral scales as well as the subcandal ones
which are considered by the herpetologists as a good statistical difference
between sexes in almost all snakes. In some cases the variation of the quan-
titative characters of the intersexes towards femaleness was more distinet in
the intersexes than in the true females. We must infer, thusg, that from the
statistical point of view, the intersexes are genetically females. The same
conclusions are drawn from the embryological researches. The gonads of the
embryos that bear hemipenis on one side (that would be certainly classified
as intersexes if adults) are definitely females. The only embryo found without
any trace of hemipenis (true female) has an embryonary ovary that was
absolutely similar to the ovary of the intersexes. That in other Reptiles as
in Bothrops insularis, the female gonad is delayed in the sexual differentiation,
is a fact which must be taken into consideration. Remains of the medullar
cords are still present almost at birth. A little residue of cortex in some male
gonads is also a fact that must be borne in mind. Risley (63-66) determines
sex inversion in reptilian embryos by stimulating with the proper hormones
the residue of the structures characteristic of the opposite sex. In more
advanced stages, Risley (63-66) chtained a result that can be also of some
importance in the study of the insularis. The treatment of female embryos
with male hormones, after the gonadie differentiation, leads to a development
of maleness only of the region of the cloaca and of the copulatory organs.

Because of these facts, we cannot deny that some individuals, specially
those belonging to the“'over]apping territory of the statistical variability (and
that could eventually have more labile genetical sex determination), could
shift during the development towards the other sex. We cannot, at present,
say anything about the endocrine state of these individuals, specially about
the state of development and physiology of the adrenal cortex (interrenal).
The most disturbing fact in our problem is the unilaterality of the hemipenis
m more than half the intersexes, and the extremely rars oceurrence of, the
left side hemipenis. These facts speak for a more specific genetical sex deter-
mination of the skin territory of the ecloacal region. This territory is pro-
bably sensitive to both male and female hormones, but it appears that the
threshold for the reaction to different hormones during development is gene-
tically determined. Those facts appear to be rather related to the genetie
differences in the various territories of the skin of gynandromorphic birds.
In this connexion it may be thougth that the sensitive territory of the cloacal
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skin is different in Bothrops insularis, as eompared to other species of snakes.
The cases of unilateral hemipenis could thus represent true mosaies of the
genetical determination of this territory.

We can thus speak of a genetical factor that exists in some of the females
of insularis and which determines the development of the hemipenis. This
factor can aet on one side only The presence of a masculine character In
females can also be explained in another way, according to Wolffs discoveries
(75-80) in ducks concerning the copulatory organ and the syrinx. The pre-
sence of the copulatory organ is, in this animal, the “neutral type”, and
exists as “anlage” in both sexes during the embryonic stage. After the diffe-
rentiation of the gonads, the female hormones stop the development of the
copulatory organ in the females.

The same thing seems to happen with the syrinx, and the masculine type
is also the “neutral” one in all the early embryos. In the female embryos
there is a suceessive involution that corresponds to the “feminine type” of that
organ. A comparison with the case of the imsularis can be made, with the
difference that the bud of the hemipenis is present almost in all the embryos
but not in some of them (“true females™) as another differenceimust be con-
sidered the absence of the bud of this organ in about half the feminine em-
bryos. This fact probably speaks in favour of a mechanism that differentiates
sexually the cloacal skin territory sharply and earlier than in the case of the
copulatory organ of the ducks. The case of the hemipenis of the insularis
could be compared more closely with the behaviour of the mullerian ducts in
the dueks in which we can find a hormonic “ambience” in the maseuline
embryos inducing the involution of the mullerian ducts on both sides, and the
feminine environment inducing the involution of the mullerian duef on one
side only,

‘We know, at present, nothing about the intimate mechanism of the lateral
differentiation of the reactivity to the hormonic environment both for the
mullerian ducts of the duck and the cloacal territory of the insularis. We
may thus suppose ‘that the case of true fmeales, in which ne hemipenis de-
velops, is the extreme result of hormonic inhibition of the * neutral” type of
development (hemipenis). We should in this case remember the differences
in horn development in some races of sheep in which the skin region from
which the horns arise is probably under the command of both genetic and
hormonic stimulation.

We do not know anything about endoerine activity of the embryonie
gonads in Bothrops insularis, and we must remember that at least in the cases
described (embryos of 130 mm) the hemipenis is very well developed in males
and a little reduced in intersexes,'an(i that the gonads are not yet completed
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in this histological differentiation. Concerning the only female embryo without
hemipenis, we cannot say with certainly from the histological degree of diffe-
rentiation of the ovary that either there is a complete inhibitory effect on the
“anlage” of hemipenis or there is a genetie lack of the hemipenis.

The classification of the genetical abnormalities has been sharply defined
by Goldschmidt, (32-34) which cleared the great confusion in this field due,
fundamentally, to the medical analysis of these abnormalities in man. Gold-
sehmidt recognized only two types of abnormalities: intersexuality and gynan-
dromorphism. The first was defined as a mosaie of the sex factors in the time,
the second as a mosaic in space. We cannot discuss here the whole problem,
but it is a fundamental task to try to set the case of Bothrops insularis into
the rigth class of abnormalities. The first case observed by Hoge and Belluo-
mini (37) was classifield as case of gynandromorphism. Really, the first cases
of unilateral hemipenis in females seemed to fall in this category, but further
observations of the absence of the male gonads in the anomalous individuals
suggested another classification. The only case observed bearing the ovary
on only one side and at the other side both an ovary and a testicle, is rather
complicated, and we must wait for further confirmation.

The eclassification as intersexes of the anomalous insularis successively
adopted by the authors, (38) was justifide by the study of the gonads of the
embryos, and by a discussion of the general problems. This classification
holds still better after the new facts revealed by more embryological researches
(residues of opposite sex in bot sexes).

The newest classification of the sex abnormalities given by Padoa (58)
is more suited to the case of insularms. He classified all deviations from the
normal phenotypic state of the sexes as “intersexual”. He further considers
the factors of the deviation as genetical and hormonal. In both cases he
distinguishes: — “gynandromorphs” and “transexuals”. The first ones are
determined by genetical or hormonal factors that are variable in the topo-
graphical localization, but do not vary during development. The transexuals
are the cases in which the genetical or hormonal factors vary during the
period and act in successive steps of the development.

The sexually abnormal insularis can thus be called “intersexes” as a
general denomination.

The fact that only the cloacal region is concerned and that this territory
itself can be different on the two sides of the body, sugcests a gynandromor-
phie situation of the genetic and development factors of the copulatory organ.
It may be a somatic mosaic of different factors between the general gonadie
territory and the cloacal region which can be different on one or on both sides.
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In the medical classification, the insularis case could be easily considered
as a “feminine pseudohermaphroditism” owing to the fact that only the exter-
nal sex oregans are masculinized But this does not give any indication about
the intimate essence of the phenomencn. Ounly if we could demonstrate an
increase of the hormonic environment towards malleness before the determinati
on of the histological structure of the gonad, we could call it a sligth inter-
sexuality case. We can thus leave the term “intersexuality” for insuloris as
a general indication of a disturbance of the phenotypic expression of the sex.

3

Ag stated above, the residues of the two sex “anlage” in the gonads leave
the doubt that a true transexuality can occur during the development, specially
in individuals” situated in the overlapping field of the statistical variahility

of males and females.

We are induced to introduce a mnew term in the clasgification of the
msularis case. It we consider simply the existence of a gene or group of
genes that determines the formation of the hemipenis and can be active not
only in the males but also in a certain number of females (eventually with
some modifying genetie and endoerine factors), just as in some species the
males are provided with some female secondary sex characters (mammary)
gland), we can use the term “ARRENOIDISM” (existence of male cha-
racters). The introduction of this concept can possibly lead to a deeper ana-
lysis of the distribution and variation of these genes in the population in the
course of 30 years period of observations. This would be an attempt to study
the population genetics of a Vertebrate in a very insulated condition, and
would be treated in a forthecoming publication.

SUMMARY

Ecological data: — Bothrops insuleris (Amaral) 1921 is a crofalid snake
that lives on a small island (Island of Queimada Grande, SP) of the South
Atlanite Ocean, near Santos, S.P. Brazil. It has never been found on the
continent. The subject of the present study is the presence of a male copula-
tory organ (hemipenis) in a certain number of females called intersexes. a
character that was never found in other feminine reptiles. The presence of
such a special character in a small and strictly isolated population has been
studied from two main points of view: statistically and embryologically.

Statistical researches: — the following procedure has heen followed :

1 — Sex ratio of males, pure females and intersexes, focussing the fact
that this population of snakes has been studied during a period of about 30
years, in two groups of samples with an, interval of about 25 years. The
capturing data show a shift in the sex ratio during this period, indicating
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that some genetical or ecological factors are acting in the population. A rve-
duction of the mumber of males, an increase of the intersexes and a stationary
frequency of the females is the picture of the sexual modification of the snake
population. One hundred and seventy six captured snakes have been reported
as intersexes, 15 of them were pregnant -and no pure females were found
between them. Only intersexes are f'ertﬁe, although with a clear diminution
of the number of living embryos in each brood as compared with other siste-
matically related species living on the continent. The sex ratio of the em-
bryos, although ecalculated with very few individuals, appears to have a pre-
dominance of males.

2 — Btatistical study of some quantitative characters of these snakes
(head, body and tail length: number of dorsal, ventral and subeaudal scales)
has been made considering separately the males, the pure females and the
intersexes; the frequency of these characters was analysed in the two samples
of the collection: the first ome between 1914 and 1920, and the second one
between 1946 and 1953. A, new method of statistical analysis has been applied
besides the current ones — the “diseriminant funetions” — and this analysis
emphasizes that the intersexes belong to the female field of variability. Some
of the quantitative variable factors belong to “somatosexual” characters that
are differentiated by the genetical constitution of the sex hormones. For these
facts the intersexes must probably be considered as genetical females, with
some genetical factor that determines the development of the ecopulatory
organs (more or less developed) on both sides or on one side only. A sligth,
non-statistically significant shift of the mean towards maleness is to be taken
into consideration, because all the characters have the deviations in the same
direction.

3 — Emb:-ydloyical researches carried out on embryos from intersexual
mothers, as well as on some embryos and new-borns of a few continental
species of snakes Bothrops jararaca, Bothrops alternatus, Crotalus durissus
terrificus and Xenodon merremii, vevealed that in Bothrops insularis, the inter-
sexual state ean be detected since half way of the pregnancy period, by the
presence ofe a more or less developed copulatory organ in almost all the em-
bryos. The embryonic differentiation of the sex eland does not discord from
the general picture of all the vertebrates although, as some authors demons-
trated and we confirm for Bothrops insularis, the reptilian ovary retains the
medullary cords for a longer time, and some residues of cortex are found in
well differentiated testicles. The embryos bearing ovaries and well differen-
tiated mullerian ducts ean be divided in pure females (withouth any vestiges
of hemipenis) and intersexes, bearing bilateral or unilateral hemipenis, gene-
rally less developed than those of male embryos.
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For these facts, the intersexuated embryos can be classified, from the
gonadic point of view, as females, in agreement with the result of the statis-
tical research. An attempt to investigate the possibility of some ploidie dis-
turbances in the intersexes (caryometric analysis of somatie tissues) demons-
trates that this fact is not verified, because the nuclear size of males, pure
females and intersexes is absolutely equal. A single specimen, among 367
examined, was quite different, bearing besides the bilateral, well developed
hemipenis, a testicle on the rigth side and beth ovaries. The testicle was
histologically well differentiated, with ripe spermatozoids, This only ecase of
true hermaphroditism must he left, for the present in a separate class of
abnormality. The presence of residunal medulla in the embryonal gonad counld
eventually give rise to an unusual post-embryonal development of a testicle,
the transformation being total on one side and partial on the other. The
pholidotic characters of this specimens are clearly visible in the overlapping
field of the statistical variability, indicating, perhaps, an intermediate stage of
the genetical sex factors. This case must, however, be considered as exceptio-
nal in view of the fact that a oreat number of true males, pure females and
intersexes belong to the same overlapping territory of the statistical varia-
bility of somatosexual characters. A rather high frequency of giant ‘sperma-
tozoid has been found in the testicle of this specimen, but this is a faet that
previous researches on the dimegaly of the head size of spermatozoid demons-
trated also in many other species of snakes.

4 — Conclusions

The facts above summarized can lead to the statement that a snake living
on a very small, overpopulated island, (in comparison with other snakeg living
in neighbouring areas of the continent) has an intersexual condition that
manifests itself by the presence of the male copulatory organ in most of the
females. A mnoteworthy diminution of the fertility of these intersexes was
observed. :

The frequency of these intersexes in the population inerease markediy
during 30 years of observations, together with a sensible diminution of adult
males. These facts elaim the possibility that in a near future the population
will be constituted almost only of intersexes and few females, the males, even-
tually disappearing. A unique case of true hermaphroditism could eventually
show the possibility that this species is evoluting towards a state of herma-
phreditic reproduetion, but the faet that an extremely little number of cases
of functional hermaphroditism (“sufficient hermaphroditism™) is known
among vertebrates, and the rarity of this case, speak for an anomaly rather
than a trend towards a general condition of the population,
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If no hermaphroditism would develop in the population, the possible
extinetion of -this species should be considered. The few data on sex ratio
of embryos demonstrate that before the birth males are rather more frequente
than females and intersexes, thus the disappearance of the males in the adul
population observed in the 30 years period could probably be caused by a
differential mortality of newhorn males” A sex inversion of the males into
intersexes, in the post-natal period is not yet demonstrated, although it cannot
be excluded in at least a part of the individunals (overlapping field of soma-
tosexual characters).

A review of the elassification of the abnormality of phenotypic sex in
Bothrops insularis authorizes the maintenance of the term “intersexuality”,
in the broadst sense given by PADOA. Some facts suggest that a gynandro-
morphic mosaic of the genetical determination of the gonadic territory and
the cloacal skin territory could explain the existence of the female gonads and
duets together with the male copulatory organ; some unilateral somatic diffe-
rentiation of the sensitivity towards male factors explain the unilateral dis-
tribution of the copulatory organ of the population. The facts deseribed in
this paper are compared with those found by Wolff concerning the sexual
determination of the syrinx and penis of ducks.

The new term “arrencidism” is here proposed. It defines the phenotypic
appearance of a male character in females, as result of an action of a definite
gene, or genes, for the hemipenis, having a certain frequency in the popu-
lation, and eventually showing a different expression in the adult hormonie
envirenment.

Some problems are posed concerning the origin of this species of snakes
on the island, related sistematically to some continental Bothrops, as well as
the possibility of extinetion of the species owing to the trend observed in a
30 years period of increasing sexual abnormality in the population.

EESUMO

Dados ecoldgicos: — Bothrops insularis (Amaral) 1921 é uma serpente
Crotalidae conhecida até o presente momento. como habitando exclusivamente
a Ilha da Queimada Grande, no Atlintico Sul, perto de Santos, Brasil.

Este trabalho relata a presenca de drgdo copulatério de machos (hemipe-
nis) em certo nimero de fémeas (chamadas intersexos) fato 8sse ainda nfo
assinalado em outros répteis. Essa pequena populacio, estritamente isolada,
foi estudada sob dois aspectos: estatistico e embriolégico.

Estudo estatistico: — Foi feito da seeuinte maneira: 1) A proporcio
de machos, fémeas puras e infersexos dessa populaciio foi observada pela coleta
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de exemplares durante um periodo de eérca de 30 anos, separados em duas
amostras por um intervalo de 25 anos aproximadamente. Os resultados das
capturas mostram uma mudanca na proporcao dos sexos durante ésse periodo,
indicando que fatores genéticos ou ecoldgicos, estio atuando sbbre a popula-
¢io. A reducdo do ntamero de machos, o aumento dos intersexos e a freqiiénela
estacionaria das fémeas, representa o quadro da modificacio sexual dessa popu-
lacio de serpentes. De 367 serpentes estudadas 176 sio intersexos, dos quais
15 deles foram encontrados em estado de prenhdés. Nenhuma fémea pura foi
encontrada em tal estado. Apenas os intersexos parecem apresentar fertili-
dade. Todavia, o niimero de embrides é menor, comparando-se com espécies
afins existentes no Continente. A proporeio sexual dos embrides, embora
calenlada soébre poucos individuos, revelou uma predominineia de machos.

2) O estudo estatistico de caracteres quantitativos dessas cobras (compri-
mento da cabeca, corpo ¢ cauda), (nimero de escamas dorsais, placas ventrais
e subcaudais) foi feito analizando, separadamente, machos, fémeas puras e
intersexos. As fregiiéneias désses dados foram estudadas pela comparacio
dos dois grupos de amostras coletadas: o primeiro grupo capturado entre 1914
e 1920, e o segundo entre 1946 e 1953. Um novo método estatistico foi aplicado
além dos usados correntemente: — a “funcdo diseriminante” € esta analise
acentuou que os intersexos pertencem ao campo de invariabilidade das fémeas,
embora os histogramas revelem uma grande drea de “overlapping”, Alguns
dos dados quantitativos pertencem aos “caracteres somatosexuais”. Sio dife-
renciados pela constituicio genética dos sexos, antes do inicio da atividade
funeional das glindulas sexuais. De acordo com &stes fatos os intersexos podem
ser considerados como geneticamente fémeas. Devem possuir alguns fatores
genéticos que determinam o desenvolvimento de dredfios copulatdrios{ mais ou
menos desenvolvidos) de ambos os lados ou de um lado s6. Uma pequena,
mas nio estatisticamente significativa mudanca da méd'a para com s caracte-
res dos machos, deve ser tomada em consideragio pols todos os caracteres
apresentam o desvio na mesma direcao.

3 Estudos embrioldgicos feitcs nos embrides provenientes de mées inter-
sexuadas, assim como em embrides e recém-naseidos de algumas outra espécies
de serpentes (Bothrops jararaca, Bothrops alternatus, Crotalus durissus ler-
rificus, Xenodon merremii) revelam gue em Bothrops insularis o estado inter-
sexuado pode ser observado desde a metade do periodo de prenhés, pela pre-
senca de um 6rgio copulatorio, mals ou Menos desenvolvido, em quase todos
os embrides. A diferenciacio embriondria das glindulas sexuais ndo difere
do quadro geral dos vertebrados, porém, segundo alguns autores demonstra-
ram, e nés pudemos confirmar em Bafhrops insularis, o ovario dos répteis
retém os corddes medulares por um tempo mais longo e alguns residuos da



Mem. Inst. Butantan, A. R. HOGE, H. E. BELLUOMINI, 81
29:17-88. 1959. G. SCHREIBER, A. M. PENHA

cortex sdo achados em testiculos bem diferenciados. Os embrides, contendo
ovarios e ductos mullerianos bem diferenciados, podem ser divididos em fémeas
puras (sem vestigios de hemipenis) e intersexos, tendo hemipenis uni ou bila-
teral, geralmente menos desenvolvidos do que aquéles dos embrides machos.

Bstes fatos permitem classificar os embrides intersexuadoes, scb o ponto de
vista das gonadas, como fémeas, concordando com os estudos estatisticos.

Investigada a possibilidade de haver distarbios poliploidicos nos inter-
sexos, os estudes realizados (analise cariométrica de tecidos soméiticos) de-
monstraram que o tamanho do nticleo dos machos, fémeas puras e intersexos,
¢ absolutamente igual.

Um exemplar tGnico, entre 367 examinados, era diferente, apresentando
ambos os hemipenis bem desenvolvidos, um testiculo do lado direito e ambos
os ovarios. O testiculo estava histoldgicamente bem diferenciado, com esper-
matozdides maduros. Foi encontrado um numero relativamente eclevado de
espermatozbides gigantes. Tsse fato ji foi demonstrado em varias outras espé-
cies de cobras em pesquisas anteriores sobre a dimegalia do tamanho da
cabeca do espermatozéide. Tiste foi o nico caso de verdadeiro hermafroditismo
assinalado.

E lembrada a possibilidade da presenca de residuos medulares em gonadas
femininas vivas embriondrias, eventualmente darem origem a desenvolvimento
post-embriondrio em sentido maseulino, bem como o desenvolvimento dos resi-
duos corticais dos testiculos, poderia levar a transformacio total ou parcial
déstes embrides em fémeas. Os caractéres da folidose déste exemplar estio
claramente situados no campo do “overlapping” da variabilidade estatistica,
indicando, talvez, um estado Intermedidrio dos fatores genéticos do sexo.
Deve-se acrescentar, porém, que grande numero de machos, fémeas e inter-
sexos, pertencem ao mesmo territério de “overlapping” da variabilidade esta-
tistica dos caractéres somatosexuais.

4 — Coneclusies

Os fatos acima mencionados levam a constatacdo de que uma serpente que
vive numa pequena ilha, superpovoada pela referida B. insularis (comparada
com as serpentes que vivem em Aareas vizinhas do continente) tem uma consti-
tuicdo intersexuada que se manifesta pela presenca de orgfios copulatérios
machos na maioria das fémeas. Foi observada uma diminuicdo de fertilidade
nésses intersexos.

A freqiiéneia déstes na populacdo aumentou lentamente durante 30 anos
juntamente com uma diminui¢do sensivel dos machos. TEstes fatos permitem
prever que, num futuro préximo, a populaciio tenderia a ser constituida quase
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somente de intersexos e de poucas fémeas, desaparecendo eventualmente todos
os machos, o que levaria & extinciio da espéeie. Um unico caso de verdadeiro
hermafroditismo poderia, eventualmente, mostrar a possibilidade de que esta
espéeie tenderia a evoluir para um estado de reproducio hermafrodita. O fato
de apenas ser conhecido nimero reduzido de casos de hermafroditismo (herma-
froditismo suficiente) entre vertebrados, fala mais a favor de se considerar
éste caso como uma excecao.

Os poucos dados sébre a relacdo sexual dos embrides parecem demons-
trar que, antes do nascimento, os machos séo mais frequentes do que as fémeas
e intersexos. O desaparccimento dos machos, observado na populacdo durante
um periodo de 30 anos, poderia, provavelmente, ser causado por mortalidade
maior dog mesmos quando recém-naseidos. Uma inversio dos machos em inter-
sexos, no periodo post-natal, niio foi ainda demonstrada. Entretanto néo pode
ser totalmente excluida devido o “overlapping” apresentado pelos caractéres
somatosexuais.

Uma revisio da classificacio da anomalia do fenotipo no sexo de Bothrops
insularis, autoriza o uso do térmo “intersexualidade”, de acordo com o conceito
mais amplo dado por Padoa. Aluns fatos sugerem que o mosaico ginandro-
mérfico da determinacio genética do territério gonatico e do territério da pele
da cloaca, poderia explicar a existéncia de gonadas femininas e ductos de
Muller ao lado dos érghos copulatérios maseulinos. Outra possibilidade seria
uma diferenciacfio soméatica unilateral on bilateral da semsibilidade para com
os fatéres masculinog, o que explicaria a distribuicio do érgdo copulatorio na
populacio.

S#o0 feitas algumas comparacdes entre os fenémenos aqui observados e os
estudados por Wolff na determinacio sexual dos territérios formativos da
“syrinx” e dos penis nos patoes.

Um novo térmo, “arrenoidismo”, é aqui proposto. RBle define o apareci-
mento de caractéres de machos em fémeas como resultado da ocorréncia de um
gen para o hemipenis, existente na populacio.
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EXPLANATION OF THE FIGURES

(Microphotographs)

Plate 7

A — Embryo of Bothrops insularis of 355-40 mm (769) X 100

B — & ” Bothrops insularis ”  35-40 mm (770) (longitudinal) X 100

Cc — o ” Bothrops insularis ”  35-40 mm (770) X 450

Plate 8 E

D — ] ? Bothrops insularis 7 60-70 mm (773) X .35

E — £ 7 Bothrops insularis ”  60-70 mm (773) X 450

F — i ? Bothrops insularis 7 60-70 mm (773) X 1000 Gonoeytes in the cortex.

Plate 9

G — & ? Xenodon merremii 7 90 mm (386) Testicle X 35

H — 2 7 Xenodon merremii 7 90 mm (386) Residual of cortex X 450

Plate 10

I — 4 ” Bothrops insularis 7 130 mm (740) “a’ Testicle X 100

T 2 ? Bothrops insularis 7 130 mm (733) “d” X 35. Ovary

L — % ?? Bothrops insularis 130 mm (783) “d” X 100. Ovary

M — 2 ” Bothrops insularis » 130 mm (733) “d” X 450. Ovary

Plate 11

N — 22 ” Bothrops insularis 160 mm (727) “a” 35. Male, no Mullerian ducis

0 — i 7 Bothrops insularis 160 mm (727) “a” X 100. Testicle.

P — £ ? Bothrops insularis ” 160 mm (727) “a’ 450. Gonoeytes in medullar
cords

Plate 12

Q — i " Bothrops insularis » 160 mm (728) “e” X 35, Ovary Mullerian ducts
visibles.

R — 2 7 Bothrops insularis » 160 mm (728) “e” X 100

8 — 22 ? Bothrops insularis 160 mm (728) “e” X 450. Cortex and medulla-
ry cords.

Plate 13 £

T — 2 ? Xenodon merremii 180 mm (729) X 100. Testicle with medullary
cords.

U — i ? Xenodon merremii 180 mm (729) X 450. Medullary cords with

: gonocytes.

Plate 14

vV — 27 ? Xenodon merremii ¥ 180 mm (730) X 100. Ovary

w — % ” Xenodon merremii *’ 180 mm (730) X 450. Ovary. Cortex with go-
nocytes. :

Plate 15

X — Hermaphrodytes (N.© 15.843 Col. . B.). Smear of the content of the cloaca. Sper-
matozoa. In the middle a giant spermatozoid. X 1000 (761).

Z — Testicle of hermaphrodyte (N.0 15.843 Col. I. BH(T6LY X 35

Za — Testicle of hermaphrodyte (N.© 15.843 Col. T. B.) (761) X 450.

Notes: — The number as 761 are the number of hystological series.
The indieations “a”, “d”, and “e” refer to the series of embryo of the same
mother.
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