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HERMAPHRODITISM WITH SELF-FERTILIZATION, AND THE

MONTHLY EXTRUSION OF UNFERTILIZED EGGS,

IN THE

VIVIPAROUS FISH LEBISTES RETICULATUS
By Dr. H. SPURWAY

Biometric Unit, Indian Statistical Institute, Calcutta, 35

prelimi; ,reporbon

" ion, has
b«:n obsorved in o fish and ughwcn of her descen-
dunts ; secondly, in all but two families in which
more than ono fomalo became adult, one or moro
fish has extruded groups of unfertilized cocytes into
tho surrounding water. Such vxtrusions have occurred
in fish luted to tho her 1 ites. Both kinds
of abnormal parturition wero discovered by keoping
virgin femuales alone in small glass vessols (usually in
600 c.c. of water). The baby fish wero always isoluted
before puberty and ususlly within 24 hr. of birth.
Tables 1 and 2 show that tho ages of both the
extrusion of the first group of oocytes and she first
fatherless birth are not only variable, but also often

higher than the median ages of death. Also some
fish (not chosen at random) are removed from the
populations eithor to be mated for genctical expuri-
monts or lulled for histological examination. There-
foro & of the froquencies of fish
which perform eithor of these two abnormal pur-
turitions, and comparison of those frequoncios betweon
families, involves statisticul procedurvs the assump-
vions of which requiro discussion. A full analysis
was delayed until tho population here discussed and
kept in the Department of Biometry, University
College, Gower Streot, London, was discarded in July
1957.

Lebistes reticulatus is a typical poecilid fish in which
internal fertilization is effected by copulation. The
anul fin of malos devoelops into an intromittent organ

Tablo 1
I =
1 2 3 bl L] v &
oo Corrected
No. of females | Modlan agesat |  No.of Sinaits | iy pin ot
Parontago families | surviving deatly scll-fertilo nx\mvlln‘ ntooeyte
y femnles extruslon |
Uriglnnl atock b 80 600-500 8 0 @
F 3 o 600-500 ] 2l s00-300
17 121 400-400 o 40 400400
| [ 81 600-600 0 41 400400
1 10 200-200 0 1 262
| utorossed Lo fomales from Maculatus
5 o 000-1,000 0 a 300-300
| Muculatus stock nnd ¥, B male x
; *Maculatus® femnlo 7 58 400400 o 15 400400
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Table 8
Self-feritle wother Fatherless family
Agoatblith [ Ago when
of tintlitter |  removed (rom Ref. No. of No. of births No. ofadults

(days) ‘population ilttars dead alivo Fomalo Malo Intersex
210 Slom+ D% 1 0 1 1 0 0
n'u I.mul- 107 307m ¥ J 1 0 3 3 0 0
b 203 540 K 1 0 5 5 0 [
bon 1 260 307m+ L 1 0 1 1 o 0

184 2864 2 [ 17
p3P mitsiosk 5 o] el g H 9 7 12 g 9
s 208 4074 ] 4 9 105 81 1 1
Pl 204 632m. § 2 0 [ 8 0 0
P 510 831d 1 s 24 2 0 0
P9 650 603d a 1 2 10 8 0 0
Pil 803 8384 a 1 [ 17 10 0 0
5 760 770m — 8484 x 8 7 20 3 1 o
IS 687 588m + v 1 2 2 15 H 0
athe terse: 215 43d [] 9 4 2 13 0 0
Stutbenmblens) 0 o M ‘ 8 ] 2 0 H
379 880m 4 '] d; 0 4 4 0 0
" o 277 27RE i 1 0 1 1 0 0
@ 37 318k o 1 0 1 1 0 0
< 140 s1sd oha 2 0 8 2 0 0
during the first eight weeks of life. Sperm from a any young on unrolated formales. It was found to

singlo copulation can siro up to eight littera'. Theso
are born at approximately monthly intervals? (but
seo also Fig. 4), and tho young are 6~6 mm. long at
birth.

Lebistes males are bright coloured and variable ;
wild-typo fomales are monomorphic and have &
typical toloostean shape. Usually the males are
heterogametic (or XY) and tho females homo-
gamotic (or XX). XX and YY males and XY
femules can ba functionally normalt.

Nineteon mdmd\mh all related to one another

contain testioular tissue by M. J. Hollingsworth, now
of the University College of Ghana, Achimota, who
failed to discover any testicular tissue in two other
self-fortile mothers, P8 and 7. However, Prof. J. Z.
Young, of University College, London, discovered
testicular tissue in the self-fertilo females S7 and u7
(Figs. 1 and 2). I wish to thank both theso col-
leagues, and thoir assistants, for this histological
co-operation.

Tho self-fertility is, therofore, assumed to be due
to hermaphroditism and not to parthenogenesis, as
was stated previously®.

The solf-fertile proposita D9 occurred in an inbred

have prod Eighteen of these
were zu]-er(‘cmliy normal funmlae The anal fin of
the ped into an i organ

coincidentally with tho birth of its first litter. With
this it made courtship movements but did not sire

Fig. 1. Seetlon of ovotestis of u7

da

Key tubul

o, nlk of maturc nocylo:’ 1, sominlferous tubules contalning

(), mpmnu seminiforous cubule uhmunq

ot ruplm i not cortalnly an artefaol uf proparation

W0 faay beby wuch meat that rho i fna' cooytes
com {nto contact)

0 sperm and

stock given me by Maurice Wilson, now of
Queen Mary College, London. This was segregating

for alleles of the loci Flavus!, blond® and gold*, all
affecting pigmentation and scorable on fomales.
These were used [or diagnosing patornity when self-
fortilo or related females were mated. The sex ratio
among certainly sired offspring was normal. There

Fig. 2. Another sootion of tho ovutestis of u7. |Koy as for Fig. ¢
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is no ovidence for self-fertilization first occurring in
an animal after
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it had been in the of a

mnl
Table 1 shows the incidence of the self-fertility and
0ooyte extrusion in the animals born in the

- L 3 @ S fertile
? X 3 & sk B
iDss

The first column gives a classification of the animals
in terms of parentage.

Sired and fatherless fomales are classed together as
the original ‘stock’ (exoluding twenty-one fomales
including the proposita, because thoy wore kept in
squaris where young, but not oooytes, could have
been detected). Fumnloa (solf-| l‘urulu, nnd fatherless
and sired d ond g of self-
fertile females) wero outcrossed to males from two
stocks, for which I wish to thank Dr. Caryl Haskins,
of the Carnegie Institution of Washington. Stock B
was descended from a recent capture in Trinidad ;
the Maculatus stock was a subculture of that pro-
duced by Winge, and thus X,Yy, in his nomen-
clature'. Sons, both fatherless and sired, of self-fertile
females derived from outcrosses to B were crossed
to romnles from the Maculatus stock, that is,

XX

In Tuble 1, column 2 shows the number of families
in each of the six groups, and column 3 the number
of females who survived 100 days. Column 4 is a
rough estimate of their median age of death. The
families within a given group are not homogeneous
among thomsolves.

Column 5 shows the number of females which have
been self-fertile. The absence of self-fortile fomales
among the progeny of Maculatus males, compared
with the progeny of stock B males, is significant
ufter allowance has been made for the detailed
longevity of the females tested. Column 6 gives the
number of females which extruded oocytes (excluding
six which extruded them synchronously with full-
term young, two which had previously given birth
to fatherless litters and four which had previously
given birth to sired litters).

Table 2 shows some dotails about the self-fertile
mothers and their fatherless litters, and the extract
from the pedigree given in Fig. 3 shows the relation-
ship of the parents of the five sired families (D, DD,
P, S and Z) in which self-fertile individuals have
segrogated.

i ff
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Fig, 8. Part of pod
2 (athared Familion {n which hevmaphrBdTLcs wegrermial

showing reltlonship of parents of the

The range of the mothers' ages at tho birth of
their firat fatherless littor means that some apparent
femnlos must_dio befom l.hoy become old enough to

their hermapt by a parturition,
and perhaps before any testicular tissno has devoloped.
Such variation in expression would prevent any
Mendelian ratios being observed even if tho her.
maphroditism were due to a change of allolo at a singlo
locus. It also makes it difficult to compare nuch a
change with the non-functional h(.\rmnphrmhusm
which seems ch istic of the I of
lower vertebratcs’.".

Tho third column shows tho ago at which thoe
mother was removed from the population either by
death (d), killing (k) or introducing a malo (m+ if
producing sired oﬁ'sprmg, or m— if subsequent
littera wero d of solf-fertili
on tho evidence provnd::d by thoir alleles for the three
pigmont goenes).

Within the fatherless families there is positive
correlation betwoen the number of litters, the size of
thoso litters, and the number of miscarriages and
deaths bofore puberty ; that is, a8 would be expected,
the greater tho development of tho testis tissue the
greator the numbor of conceptions but also the greater
the disturbance of the follicular pregnancies.

DD?20, the one certain fatherless offspring born to
D9 after it had been mated, was in its second sired
litter born when D9 was 594 days old. Tho sccond
litter of X8 was produced when the mothor wus 293
days old, an extrusion of unfertilized oocytes having
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intervened at 2056 days. All other intervals bet:
fatherlesa litters ue shown in histogram ii of Flg 4.

from that observed ror the production of sired litters
(histogram i). This confirms the histological findings
that tho teetis tissue ia transitory and usually does
not ro-develop.
I have di the

increased expression of solf- fernh&y in the F,
generation between two inbred stocks whmh is
unexpected on certain

Tablo 2 corrects several previously published errors
in addition®.

The last three columns of Table 2 give the super-
ficiul sex of the adult products of self-fertilization.
Among the animals scored as females, many more
than the five who were self-fortile must be presumed
to bo actually or potentially hermaphrodites. This
sox ratio suggests that tho hormaphrodites are XX,
which is supported by the phenotypes and the sexual
history of the four males. All were under-coloured,
and no ¥ chromosomo empty of alleles for malo
epigamio patterns has yet beon reported. Three were
storilo, though one of theso had histologically normal
testes. The fourth provided evidence for its XX
constitution by siring only females, sixteen of which
wero by a Maculaéus stock female.

Among fatherless fish, the three colour alleles
ngmgawd in the 3: 1 ratio characteristio of selfing
in hormaphroditio plants.

‘The hereditary factor responsible for making XX
zygotes develop into hormnphrodxwa i8 not X-linked,
and is not an autosomal recessive allele either with or
without a delayed zygotic effect. Becauso the orosses
wore made with the Maculatus atock which
their penetrance, we do not know whether the
determiners are inherited differently through males
or romnlae, uhu m, I have not discovered whether

dent on an allele
with dammnm bur. vansble penetrance, or on &
factor with those i
Imrmnphrodnmm in some species of plants®.

Histogram iii of Fig. 4 shows the distribution of
200 of the 222 intervals observed between two
extrusions of oocytes. The 22 omitted intorvals
ranged in length from 165 to 447 days. The dis-
tribution of these intervals is significantly different
from that of the intervals between births. 126 (that
is, moro than half) ranged between 21 and 39 days,
and this group did not deviate significantly from the
normal distribution. Ite mean was 29-4, and its
standard doviation 3-4. This is significantly lower
than tho moan observed for sired litters, which is
33-0, with standard deviation 5-16 even when the
three oxtremes aro neglected. The next group of
thirty-five intervals between oocyte extrusions ranged
from 48 to 69 days, again normally distributed among
themsclves with & moean of 57:1 and standard
deviation of 4-6. Theso groups are called 'single’ and
‘double’ intervals, respectively. The range of the
singlo intervals is too great for groups to be apparent
if higher multiples of those do ocour among the
longer intervals between extrusions.

Tublo 3 shows that (oxcept for the oldest two fish)
the groater the age of a fish at ite first extrusion of
oocytes the groater the mean number of its sub-
sequent extrusions. Omitting from consideration
inadequately tested animals, 73 females first extruded
before 300 days but not one extruded more than five
times ; though of the 84 which began later, eight
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Table 3
L first AMean No. of Ratlo of sli Intervals
Al extrusions o iervaie
100-100 2:18 £ 019 0450 + 0-076
200-200 241 3023 0:438 & 0-064
800-300 2:20 +0-34 0567 & 0-090
400490 280 + 0-88 0714 % 0121
of the 500-590 35 16 0:815 & 0-135
800-000 3:8 1044 0600 + 0104
700-700 46 1118 0857 & 0-070
#00-8 326 £ 062 0800 + 0-089
16 05 00 (1 intorval)
produced six to ten groups of eggs. This is unex-

pected, because the earlier in ita life a fish extrudes

the longer is the expected (and observed)
period before its death in which subsequent extrusion
could occur. This correlation is partly explained by
the observation that the greater the ago of a fish at
ita first extrusion of oocytes, the higher is the pro-
portion of single intervals between consecutive
extrusions to all such intervals.

Extrugion reveals a failuro of the follicles to
re-absorb unfertilized oocytes. In the females which
begin this extrusion late in life and then extrude
regularly, this failure may be described 8a & senility
and is then mainly dependent on a monthly rhythm
of oocyto maturation®. In the animals that extrude
earlier, and afterwards extrude intermittently or not
at all, other causes of ovarian inadequacy must be
suspected, some of which seem transitory. In some
families, perhaps in all, tho females which extrude
oocytes live longer (for example, a mean increase of
more than 300 days) than their sisters who do not.
This suggesta that extrusion itself compensates for
failure of other processes, and prevents the animals
becoming ‘egg bound'.

Histogram iv of Fig. 4 shows the distribution of
the intervals between two different kinds of par-
turition. Two fo of 201 and 740 days and 3 sf of 210,
340 and 386 days are omitted. This histogram reveals
that oocyte extrusion is not evidence that tho ovary
has become incapable of pregnancy. Also, when it is
borne in mind that the interval before a sired birth
depends on when the male was introduced as well as
on the mother's receptivity, and that the senile
oocyte extrusion may not occur until many months
after sperm has been exhausted, it is seen that oocyte
extrusion coincides reagonably well with the rhythm
of other births. Iy has also occurred six times with
them. Therefopé; the breakdown of the follicular
walls may be 4 failure of an incipient pregnancy
because tho o was not ferf.nllzed that is, the

seem more
than to the ovulation of mnnum\lu
The gross synchronizing regulations which take
place in the follicles just before term? provide an
of the longer intervals
observed between fertile parturitions and perhaps
for the positively skew distribution of these intervals,
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