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RUDIMENTARY HERMAPHRODITISM IN THE
SYMBRANCHOID EEL, MONOPTERUS
JAVANENSIS

C. K. Lo
INTRODUCTION

Monopterus javanensis, a serpeatiform fish of the rice-fields noted for its tasteful-
ness as well as for its tenacity of life, is of wide occurrence in China. It appears to
be a gonochorist for the most part of its lifetime, though, owing to the absence of
secondary sexual characteristics its sex is difficult to tell from its external appearance.
During the course of previous, studies of its breeding habits (Wu and Liu, "42) and
dater of its blood vascular system (Wi and Liu, '43), lot of specimens were dissected
and their sexes noticed. Little by little the writer began to be impressed with the
idea that there would be something unusual about the sexuality of this fish, since
small- and median-sized individuals are overwhelmingly female, while large ones are
predominantly male. Spurred by this preliminary finding, he has since. then examined,
from time to time, hundreds of specimens, recording their sexes in relagion to their
respective lengths. The data thus accumulated seemed sufficient to warrant an agesex

correlation, which in turn led to the revelation of the rudimentary hermaphroditism
of this fish.

Rudimentary hermaphroditism has been known o be a normal condition in
the so-called undifferentiated races of frog and in a number of piscine species, The
present case, however, has some peculiarity of its own which will become clear when
‘the discussion is taken up.

The writer wishes to acknowledge his indebtedness 1o Dr. H, W. Wu, under
whose guidance this research was pursued. J

MATERIAL AND METHOD

With the exception of three individuals of probable significance which were
captured from a pond by the members of the institute, all fish over 22 cm. long in
this investigation were obtained from the market at various seasons of the year. They
were said to have been caught from the rice fields of Pehpei and Hochiwan, Szechwan,
The fingerlings, possibly stunted in growth, were drawn from a smmll rank in which
they had been reared for one year since hatching,

. A 2~38 FU 20 fiH4T 40~50 4EAL A EHE X ARBRER . MEHARR L. — R
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Sex was determined in all instances by direct examination on the gonad. The
gonads of the male and the female are precisely similar in form and position, being
in either case an unpaired tubelike organ lying along the right side of the jintestine:
The gonoduxts are backward prolongations of the gonad; amd, baving mo swellings.
of any sort, ate all the same in both sexes . Whatever its size within the range
covered by the present investigation) the female can always be distinguished by the
numerous ova which it contains. The nrale, oh' e contrary, is characterized by the-
apparent hemogeneity of the spermary. This convenient method of sex identification
has been proved. compatible with the result obtained by the laborious histological
examination. However, the intersexes can onlv be ascertained by means of microscopic
picparations although they might have some wucroscopic indications on their gonads.

OBSERVATIONS

A total of 659 specunens ranging from 5.3 to 57.6 cm. in total length were
subject to investigation. As indicated in the accompanying table (Table 1), they are
grouped into 21 classes with a range of 2 cm, each. In each class, the actual number
of either sex iy followed by the respective percentage in the bracket. The first three
classes represent the fingerlings; the rest as a whole are adult specimens; and between.

them. there is a gap of body length from 11.0 to:21.9 cm: to which we had no access
during the entire course of investigation.

TasLe T

Frequency of male,and female individnals in different ranges of body-length

Class range in cm, Mal: Female Total
5.0-6.9 o (0} 3 (100) 18
7.0-8.9 0 (0) 58 -(100) 58
9.0-10.9 0 (0) 9 (100) 9
22.0-23.9 t(20) 4 (30) 5
24.0-25.9 0 (0) & (103) 8
26.0-27.9 1 (3.27) 30 (96.77) 3t
28.0-2%.9 3 (6.67) 42 (93.33) 'H
20.0-31.9 6 (8.8) €2 (91.2) 1.4
32.0-33.9 7 (10.3) 61 (89.7) 8.
34,0-35.9 12 (16.0) 63 (84.0) 15
36.0-37;9 35 (54.7) 29 (45.3) 64
28.0-39.9 32 (%5.3) 17 (34.7) 49
40.0-41.9 32 (94.1) 2 (5.9) 34
42.0-43.9 28 (93.33) *2 (6.66) 30
44.0-45.9 {969 1 @ 32
46.0-47.9 16 \94.1) 1 (5.9 17
48.0-49.9 17 {94.5) 1 (5.5) 18
50.0-51.9 g (88.9) (1.1} 9
§2.0-53.9 tt {100) o (o) 11
54.0-55.9 7 (100} ¢ 7
$6.0-57.9 ¥ (100) 0 (0} 3

*One of the two samples was collected from a pond.
1Collected from a pond.
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It was not until the work of sex identification was half done that intersexes
came to be perceived. Since they were still containing cggs in their ganads they were
classed as females in identification. The figures given for the females in Table i,
especially in those ranges over 36 ¢m, therefore possibly include a small number of
intersexes,

If the above result is represented graphically, we get a curve as shown in
Graph 1, in which the percentages for the male and for the female in the given ranges
of body-lengths are indicated on the right and the left respectively,

Graph 1. Correigtion between length and sexuality of Monopierus javanensis
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From the table and the graph two points are to be observed, First, alt
individuals of this fish should pass through a juvenile female phase, as the 85 fingerlings
examined showed 100 per cent female. It will be assiited that there is no uncertainty
concerning the femalencss of the fingerlings, because ova were already well
differentiated (diameter up to 75 K in fixed specimen) even in the shortes individual
(5.3 em. in total length). Second, sex ratio is evidently correlated with the length
and hence with the age, of this fish—smaller specimiens  are predominanﬂy fcmalc’
while large ones are predominantly male. The normal 1:r ratio is mantained only
in the range of 36.0-37.9 cm, in the 300 specimens below 36 cm. (exclusive of the
fingerlings) female predominated to the extent of 90 per cent (170 individuals)
whereas i the 274 specimens above 36 cm. male predominated to the extent of 30_,:
per cent (220 individuals). ’

The preponderance of male in the larger specimens and of the female in the
smaller ones appears as if it were due to sexual dimorphism, that the male yepe
capable of growing to greater size than the female. That this is mot the Gase can |
be casily seen from the fact that there were by far too few males in the young aduts,
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Nerther selective capture-rate nor differential viability would account for it, because.
it would be rather far-fewhed to think thar female should be more labile to capture
at first and male later, or viability should be in favor of one sex at one time and
another sex at other timér The peculiar sex-ratio therefore can be cxplained only on
the ground of sex reversal.

If sex reversal is the true cxplanation to the changes of sex-ratio, transitory
ambisexuality should be expected to occur in individuals right in the progress of sex
transformation; and this actually has been found. In dealing with females of relatively
large size it was noticed that certain of them had fewer ova than normal and, what
is more, the yolk massses of the ova were somewhat deformed. Microscopic
examination revealed that side by side with the retrogression of ova there was admixture
of male eclement. The proportion of the testicular and ovarian tissue in the
ambisexual gonad varied so greatly in different specimens that intersexes grading
from prevailingly female to prevedlingly male had altogether been observed. Since
normal gonad of Monopterus has been found to be strictly either male or female,
ambisexuality affords an unequivocable proof of sex reversal in this fish,

The histological changes of the gonad on the moment of sex transformation
will be described in a future publication dealing with the germ-cell origin of this fish.
It would be sufficient to mention here that male element first appears as such in the
trabaculz of the connective tissue capsule of the original (female) gonad, and
henceforth spreads out and undergoes hypertrophy so as to convert the ovary into
a typical spermary. With the rising of the testicular tissue there is always a correspond-
ing retrogression in the ova, so that when the former approaches its perfection the
Jatter have becomc cntirely out of existence. A “female” is thereby transformed imo
a “male.” Obviously male and female in this fish are not distinct categories of
individuals but are merely temporary phases in the life of the same individual.

From the table and the graph it will be apparent that the critical moment or
“switch-over” of sex reversal for the great majority of the population should lie
within the. range of 34-40 cm. in length. But occasionally, precocious or delayed trans-
formation are also met with. Thus a specimen as young as 23 cm, long was found
10 be already in the male phase perfectly, while others with lengﬂls of 48 and 50 cm.
respectively were still in the true female phase. Since large male specimens never
show. tendency of ovarial reformation it is quite certain that there is no further
change of sexuality in the male phase. The exceptional large females just alluded ta
are therefore to be regarded as cases of delayed transformation rather than of secondary
inversion. In this connection the writer wishes to remark that the two exceptional
females were captured, along with another of same sex, from a pond wherein there
is no drying up during the winter months and the natural food for Monapterus is
much more abundant as compared with ordirary paddy fields. It seems niot impossible

that sex reversal in this fish might be in some way influenced by the nutrition of the
animalk
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That the female phasc of Monopterus is already function:.il whf:n the fish js as
young as 22 cm. in length can be visualized in the fact that in quite a number of
fish of such length the ova were fully mature and ready for shedding. Since 22 em.
is far short of the “‘turning-point” length it scems safe to coaclude thaf in general,
sex reversal takes place only after the animal has laid its eggs. 'chardmg the male
phase, there is every cvidence of its being functional. Sex reversal in Monopterus

is therefore of the “complete” type, notwithstanding that whether those exceptional,

small males had ever produced eggs is open to doubr.
DISCUSSION

In view of the universal femaleness of the fingerlings, the reversal of scx-ratio
and the actual occurrence of sex transformation, the writer is led to the conclusion that
Monopicrus, male and female alike, starts its sexual lifc as female, produgcs cggs, and
afterwards experiences a sex reversal, eventually’ transforms into a sperm-producing
individual. The condition resembles that of a proterogynic hermaphrodite to some
extent. However, it should be emphasized that Monopterus is merely a hermaphrodite
in time, and not a hermaphrodite in space, the latter condition being only found during
the brief course of sex transformation. It secems doubtful whether the dntecedent cells
of the sperm coexist with the ovary beforc sex reversal; if so, they could hardly be
distinguished as such at all. Hence we are dealing here with a case of rudimentary
hermaphroditisim, which has been referred to the condition in which both sexes exhibit
distinct hermaphroditic traits but arc still clearly separated for the main part of their
lifetime,

In Gnathostomata, rudimentary hermaphroditism as a normal condition has been
known in the undifferentiated race of the frog, Rana temporaria (Witschi, ’29);. in the
teleosts, Anguilla (Grassi, ’19), Salmo irideus (Mrsic, *23) and notably a group of
viviparous cyprinodontids, namely, Xiphophorus helleri (Essenburg, ’23, *26), Lebistes
reticulatus (Dildine, °36), Platypoecilus variatus (Goldschmide *37), Limia candofasciata,
L. vittata and L. nigrofasciata (Breider, '36). The details of these cases may differ
in even closely related forms, but all agree in that the male passes through an initial
female phase. As a rule, the female phase of the male js short; so much so thar it
may have been terminated prenatally (embryonic hermaphroditism, as in Lebistes
reticulatus); even in the most lengthy tase the initial female phase does not carry further
than the end of the first year of the animal’s life span (juvenilc,hermaphrodi(ism, as
in Rana femporaria). Consequently, the female phase of the genetic male scarcely
functions as female. In Monopterus, however, the condition is rather phenomenal,
because the female phase is unduly proteacted so that the animal has reached sexual
maturity. regularly before the onset of sex reversal, More significant is the fact that .
cvery member of the population is alike in being a female ar first and male later
Now if it could be shown that among the female-phase individuals theye are two
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different groups, one of which bears functional eva while the other non-functional,
we could properly designdic the farmor as genctic -female and the latter genetic male
after the manner of the undiffcrentiated frog race. But such distinction probably
does net exise, for save a few females that were right on the way of sex raversal all
the fephale-phase individuals cxamined showed numerous eggs well-developed and
apparently normal, there being no indication whatever of the existence of two hetero
genous groups among themselves. Following this the writer is inclined to suggest
that in Monopterus the zygotic constitution for sex is one and the same throughout
the population, There would be no such distinction as genetic male and genetic
female, and all individuals are endowed with a factorial make-up in which the
quantitative ratio of the male and the female gene complexes, as evidenced from the
regular occurrence ot sex reversal, must be nearly in equilibrium. There seems to be
no chromosomal mechanism undeslying the sex to “tip the balance.” The early female
and later male differentiation might be caused by the activation of female sex in
advance of the male sex through physiological factors which in turn are associated
with the process of ageing. That environmertal factors, preferably nutrition, mighr
play some role in sex differentiation is reflected in the aforementioned cases of delayed
transformation,

Whatever the truc explanation may be, Monopterus is to be considered as a
developmental gonochorist rather than a hereditary ganochorist. The differential sex
reaction in time as occurred regularly in this fish is therefore brought in line with
the condition found in Cymothoidea (Witschi, '32), barring that the latter is an
invertebrate and is essentially a parasitic form. So far as the writer is aware, develop-
mental gonochorism is hitherto unknown in vertebrates,

The writer refrains from refering the present case to consecutive sexuality to
which it bears some superficial resemblance. Both involve a functional initial phase
of one sex followed by a functional secondary phase of oppositc sex. But in
consecutive sexuality, typified by the guohog (Venus mercenaria), it is indicated by
Coe (’43) that “the primary, juvenile gonads are invariably more or less ambisextial”
although 98% of all individuals are protandric. The quoliog therefore has a truly
hermaphroditic gonad to start with. In Monoprerus, as has been stated, the functional
juvenile gonads are strictly dioecious in morphological sense before, and after, the
occurrence of sex reversal, Moreover, Coe expresses of Venas mercenarra: “Following
this. iitial male phase the sexes are with few exceptions strictly ¢ithét male or female,
with approximately equal numbers of each sex.”” Thus it is clear that in:mlity there
is only onehalf of the population that has a consecutive sexuality whereas the sexuality,
of ‘another half remains unchanged; in this way the situation appears to the writee
quite complicated inasmuch as ambisexuality, which is characteristic of a hermaphrodite,
turns up to yield a 1:1 sex-ratio which: is charagteristic of a hereditary fixed gonochorist.
In Menopserys, on the contrary, practically all individuals change with regularity,



