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ABSTRACT

The present study on the breeding seasons of Megaderma lyra lyra is based on the examination
of 84 males and 110 females collected at and around Agra, Nagpur and Bhandara. Although the
uterus is bicornuate and morphologically bilaterally symmetrical, only one side—usually the
left—is functional at each breeding cycle. The males and the females have almost a synchronous
sexual season, with the males being slightly ahead of the females in each year. Copulation
takes place in the second week of November and is immediately followed by fertilization and
pregnancy. A single young is born about the third week of April. The period of gestation is
150 to 160 days. The period of lactation extends up to the latter half of June when the young
ones leave their mothers. The young ones grow rapidly in size, but do not reach sexual
maturity within the year of their birth. ’

I. INTRODUCTION

This paper is the first of a series on the breeding habits and sex-evele of
one of the species of Indian vampire bats, Megaderma (Lyroderma) lyra lyra
(Geoffroy), of the family Megadermatidae of Microchiroptera. In this paper
only the salient features of the breeding habits of this bat are recorded. De-
tails of the histological changes will be reported in subsequent papers in the
present series. The observations recorded here pertain only to wild specimens
since attempts to keep them in captivity were not successful.

TI. HISTORICAL SUMMARY

The study of the reproductive processes of insectivorous bats has attracted
the attention of many workers for over a century and a vast amount of litera-
ture has accumulated on the subject. However, out of the sixteen families of
Microchiroptera,details of reproduction have been investigated in a few members
of Vespertilionidae and Rhinolophidae and one species each of Desmodontidae
and Emballonuridae. Incomplete accounts of breeding habits of two species of
Megadermatidae are also available. But by and large so little was k.nown
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study of the sex-cycle of Megaderma lyra lyra, which is available in India,
would be of interest and value, all the more so since the details of the
breeding habits of a few other species inhabiting these same regions are available
for comparison and since there appear to be significant differences between
these species and Megaderma lyra lyra.

A perusal of the literature on reproduction in bats reveals that bats
exhibit the following patterns of reproduetive behaviour:—

Type 1. Copulation in autumn and ovulation and fertilization in the
following spring.

This phenomenon is noticed in some species of bats (Vespertilio murinus,
Rhinolophus ferrum equinum, Myotis lucifugus lucifugus) living in cold ecli-
mates. In these bats, copulation takes place in autumn after which there is a
prolonged storage of the inseminated spermatozoa in the genital tract of the
female. Ovulation occurs in the following spring and ova are fertilized by the
stored sperms. Thus the sexual seasons of the female and male do not
coincide.

Pagenstecher (1859) recognized this peculiarity in the reproduction of
Pipistrellus pipistrellus in which he noted that the uterus was distended with
live spermatozoa during winter, whereas the ovary had not ovulated at that
time. He concluded that copulation took place early in the year and the
spermatozoa were stored in the genital tract of the female. Van Beneden
(1875) observed spermatozoa in the uteri of the females of Vespertilio murinus
and other species during winter, but thought that fertilization occurred im-
mediately after copulation and that the fertilized ovum remained dormant
until the end of winter. Eimer (1879), on the other hand, fully confirmed
the observations of Pagenstecher (1859) and showed that copulation occurred
late in autumn in Pipistrellus pipistrellus and Nyctalus noctula and that the
sperms-hibernated during winter in the genital tract of the female,

Benecke (1879) and Fries (1879) were probably the first to lay the foun-
dation for the classical theory of reproduction of bats. According to them
copulation occurred in the autumn followed by a storage of inseminated
spermatozoa during winter in the female genital tract. Fertilization took
place in the following spring. They were of the opinion that the inseminated
sperms hibernated for about 4} months in the uterus of the female. Their
conclusions were based on the study of Pipistrellus pipistrellus, Plecotus
auritus, Vespertilio murinus, Vespertilio nathusii, Rhinolophus hipposideros.
Rollinat and Trouessart (1895a, b, ¢; 1896; 1897) found sperms in a dormant
condition in the female genital tract of Vespertilio murinus and Rhinolophus
ferrum eguinum during winter (for about 43 months). They, however, recorded
one instance of a male specimen of Eptesicus serotinus which ‘woke up’ from
hibernation and tried to copulate with the female when brought to a warm
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room in early February. They also found that the ‘sleeping’ females awoke
from their ‘winter sleep’ when brought to a warm room and had sucecessful
copulation resulting in pregnancy.

Grosser (1903) described that copulation in Nyctalus noctiula takes place
during autumn after which the cervical canal is blocked by an increase in
connective tissue. The ova are released at the end of March or the beginning
of April and are fertilized by the stored spermatozoa.

Courrier (1924) also found a ‘bouchon’ in the vagina during hibernation
and noted glandular activity of uterine epithelium in the hibernating Pipi-
strellus pipustrellus. He considered the secretions to be of use as nourishment
for the sperms which were stored during winter. In a later paper (1927) he
observed that after copulation in autumn there is a regression of the testes in
the beginning of winter, leaving nothing but spermatogonia and sertoli cells in
the seminiferous tubules thenceforth. Similar observations were made by
Nakano (1928) in Vespertilio abramus, Rendez (1929) in Vespertilio murinus
and Plecotus auritus, and Caffier and Kolbow (1934) in Pipistrellus pipistrellus,
Plecotus auritus, Barbastella, Eptesicus, Myotis and Rhinolophus hipposideros.

Matthews (1937) recorded the occurrence of copulation in autumn followed
by hibernation of the inseminated spermatozoa during winter in the British
horse-shoe bats, Rhinolophus ferrum equinum and Rhinolophus hipposideros
minutus. He found the presence of a vaginal plug entirely filling the vagina
and thereby preventing further copulation in these specimens during winter
months.

Wimsatt (1942) isolated the inseminated females from the males and
recorded that the vagina is blocked by a plug throughout the winter months
and that ovulation took place in the following spring. The ova which were

" shed in the spring were effectively fertilized by the spermatozoa received in
the previous autumn. This was the first conclusive experimental demon-
stration of the long survival of the spermatozoa in the genital tract of the
female bat. Similar, though not conclusive, experiment had also been pre-
viously carried out by Gates (1936) in Myotis sodalis and Eptesicus fuscus
Juscus. Hiraiwa and Uchida (1953, 1956) in their studies on Pipistrellus
abramus abramus were able to distinguish three types of semen with large
differences and stated that the sperms of fall matings were as effective in
fertilizing the ova as those of spring and winter matings.

Pearson, Koford, and Pearson (1952) found that in Corynorkinus rafinesques
copulation usually occurs in autumn and the sperms hibernate and effect
the fertilization of the ovum in the following spring. But they also recorded
that in this species the spermatozoa remained stored in the epididymis of
the male throughout winter and the following spring. Uchida (1953) also
observed in Pipistrellus tralatitius abramus copulation in autumn (latter part
of October), ovulation and fertilization late in April.
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Amongst the species cited above, in the vespertilionid bats the insem-
inated sperms are stored in the distended uterus or uterine glands, whereas
in the rhinolophid bats they are stored in the form of a semisolid mass in a
ventral pocket of the vagina.

Type 2. Copulation, ovulation and fertilization in autumn.

This has been reported by Gopalakrishna (1950) and Ramakrishna (1951)
in members of Megadermatidae. (lopalakrishna (1950) records occurrence of
pregnancy in either of the horns in the specimens collected from January to
April and absence of any degenerate condition of the non-pregnant side.
Ramakrishna (1951) refers to the observations of Blanford (1891) and of
Phillips (1935) recording pregnancies in February and May in Lyroderma lyra
and Lyroderma lyra ceylonese respectively. Ramakrishna (1951) observed that
copulation occurred in November and that ovulation was without exception
from the left ovary, and that gestation was only in the left uterine horn.
He further mentioned that the early disappearance of corpus luteum is a
peculiar feature of the Indian vampire bat.

Type 3. Spring copulation as an exception either to supplement autumn
copulation or because of its failure and ovulation and fertili-
zation in spring.

In Pipistrellus pipistrellus (Courrier 1927), Myotis lucifugus lucifugus
and Myotis grisesens (Miller 1939) the epididymides are filled with sperma-
tozoa and male accessory glands are fully active throughout winter until next
spring although seminiferous tubules themselves undergo regression and
show no spermatogenetic activity after autumm. This indicates that the
males are quite capable of successfully inseminating the females during winter
months up to spring. Gutbhrie (1933) noted winter and spring copulations in
Myotis lucifugus lucifugus and came to the conclusion that these copulations
are necessary because the sperms inseminated in autumn get destroyed by
phagocytes in the genital tract of the female. It, therefore, appears that in
these species the storage and survival of the spermatozoa received in autumn
copulation do not preclude the possibility of subsequent matings during the
following winter and spring, and that the sperms inseminated in autumn may
not be the only ones through which nature brings about fertilization of the
ova shed in the next spring.

Type 4. Copulation, ovulation and fertilization in spring.

Hartmann and Cuyler (1927) found spring copulation to be the general
rule in 7T'adarida brasiliensis (Nyctinomus mexicanus) and observed immediate
fertilization and pregnancy following such copulations. Guthrie’s work (1933)
recorded the normal occurrence of spring copulation in Myotis lucifugus

lucifugus. Baker and Bird (1936) working on Miniopterus australis of New
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Hebrides and Matthews (1942) working on some species of bats of South
Africa recorded that in these species copulation and fertilization occur in the
southern spring. Baker and Bird (1936) suggested that copulation in Mini-
opterus australis took place at a time of the year when the day began to get
longer and the temperature began to rise. Gopalakrishna (1947) noted that
copulation takes place early in spring and is immediately followed by fertili-
zation and pregnancy in Scofophilus wroughioni in South India.

In all the categories of reproductive pattern mentioned above the bats
have a single breeding season in the year and therefore bring forth a single
litter per year.

Type 5. Continuous breeding.

The first record of a bat breeding more than once a year was that of
Ramaswami (1933) who noted that Vesperugo leisleri breeds at least twice a
year. Matthews (1939, 1942) noted in Nycteris luteols the occurrence of a
quick succession of at least two pregnancies with a very abbreviated an-
oestrous period intervening. He observed that the females of this species
become pregnant before they have weaned the young ones of the previous
litter. The work of Wimsatt and Trapido (1952) on Desmodus rotundus and
that of Gopalakrishna (1955) on Taphozous longimanus have given conclusive
evidence to show that these bats do not have a restricted breeding season and
that they experience quick succession of pregnancies, and that they bring
forth more than one litter in a year. It is interesting to note that all these
species of bats which do not have a sharply defined breeding season are in-
habitants of tropical regions. Wimsatt and Trapido (1952) postulated that
the storage and survival of the spermatozoa for a long period in the female
genital tract are probably adaptations found in hibernating bats only.

ITT. MATERIAL AND METHODS

Specimens were collected in the vicinity of Agra (Fort, Taj Mahal,
Itmad-ud-Daulah, Sikandara) in Uttar Pradesh, Nagpur (Jayatala) and
Bhandara (Shipewada and Lakhani)—Vidarbha region—in Maharashtra State
of the Indian Union. The collections were made near Agra from September,
1952, to August, 1954, such that there was at least one collection representing
each calendar month of the year. The bats were killed by chloroform and
fixed in 10 per cent formalin. A wide incision was made in the abdomen for
the penetration of the fixative. Two days later the genital structures were
dissected out and stored in 70 per cent alcohol. In the female specimens the
mammary glands and the pubic teats were also fixed in addition to the geni-
talia. At Nagpur the collections were made in the month of March, 1953,
and all attempts to collect specimens at other timas proved futile. The
specimens were killed by chloroform. Their genitalia were fixed in Bouin’s
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pioroformol and later preserved in 70 per cent alcohol. At Bhandara the
collections were made by Dr. A. Gopalakrishna. He gave the author the
preserved genitalia from his collections and they had been fixed in various
fixatives like Sanefelice’s fluid, Carnoy’s fluid, and Bouin’s picroformol. Since
the collections from Nagpur and Bhandara do not represent all the calendar
months of the year, observations recorded in the present paper pertain mainly
to the specimens collected from Agra, and notes about specimens from Nagpur
and Bhandara have been added wherever pertinent.

The specimens were usually found to be hanging from the roofs and
ceilings of tall buildings. In many places other species such as Scotophilus
temmanckii and Cynopterus sphinx gangeticus were found to be in the same
colony. Altogether 84 malesand 110 females (Agra—70 males and 97 females;
Nagpur—9 males and 8 females; Bhandara—5 males and 5 females) were
collected. The body weights of the bats, except in the case of the specimens
collected at Nagpur, could not be taken. The measurements were taken of
the body and of the left wing-span of the specimens collected near Agra and
Nagpur. The measurements of Bhandara specimens were obtained from
Dr. Gopalakrishna’s collection diary. The microscopic measurements were
taken with the help of micrometer scales. After the usual method of dehy-
dration through graded alcohols and embedding in paraffin, sections were cut
at a thickness of 7 u to 15 p and stained with Ehrlich’s or Delafield’s hae-
matoxylin and counterstained with eosin.

A summary of the collection recorded is given in Table 1. The details
from the collection diary are given in the Appendix.

TABLE 1
Summary of the collection diary

‘ Female | Malo
Month - g Lactating : Total
iNon-pregna.nt Pregnant Immature ] Adult
January 2 8 (1) 10 (2) 23
February 2 7 12 21
March 3 64-8 249 28
April 4 7 95 1 4 17
May 3 3 2 8
June 6 10 T 2 25
July 10 7 3 20
August 11 (3) 3 3 (D) 21
September 2 6 8
Qctober 5 1 4 (2) 12
November 4 2 1 7
December 2 2 4
} p—
Total - 55 41 14 21 63 194

( ) specimens are from Bhandara. + specimens are from Nagpur.
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IV. OBSERVATIONS AND DISCUSSION
1. Breeding Seasons

The examination of the collection diary (Appendix) reveals several inter-
esting features. Pregnant females were available only from 25th November
until 14th April in progressively advanced stages of pregnancy, ranging from
unimplanted blastocysts (on 25th November) to full term foetuses (on 14th
April), which, gauging from their sizes, would have been brought forth within a
week more. Thus the period of gestation in Megaderma is 150 to 160 days.
Apparently the gestation period varies to a great extent in the different species
of bats. Pregnancy lasts for about 110 days in Miniopterus australis (Baker
and Bird 1936), 11 to 12 weeks in Tadarida cynocephals (Sherman 1937),
about 44 days in Pipistrellus pipistrellus (Deanesly and Warwick 1939), 50 to
60 days in Myotis lucifugus (Wimsatt 1945), 105 to 115 days in Scotophilus
wroughtons (Gopalakrishna 1947), about 70 days in Pipistrellus tralatitius
abramus (Uchida 1950), over 5 months in Desmodus rotundus (Wimsatt and
Trapido 1952), and 40 to 44 days in Hipposideros bicolor pallidus (Gopala-
krishna and Moghe 1960). Wimsatt and Trapido (1952) suggested that some
direct correlation may exist between the duration of pregnancy and the size of
the body of the bat. They further mentioned that there is a tendency for
the gestation to be longer in the tropical bats than in the species living in
temperate climates. Megaderma is a relatively large insectivorous bat in-
habiting tropical and sub-tropical climates. It is interesting to note that
Hipposideros bicolor pallidus (Gopalakrishna and Moghe 1960), which is a
very small bat, has about the same distribution but has a much shorter period
of gestation—40 to 44 days—whereas Miniopterus australis (Baker and Bird
1936), which is also a small tropical bat, has a long gestation period—about 115
days. It is thus difficult to correlate either the size or the habitat of the bat
with the duration of its pregnancy. At best it may be said that the duration
of pregnancy is a genetic character fixed in the species as an adaptation to
bring forth the young ones at the most suitable period.

Lactating females each with a young attached to the breast were
collected in May and June. Apparently the young ones leave their mothers
some time in the latter part of June.

Microscopic examination of the reproductive organs of the females
reveals a typical anoestrous condition up to September. Specimens collected
on 7th October had not copulated although the ovary in these specimens
had a fully formed Graafian follicle. Unimplanted blastocysts were present in
the uterine cavity of the specimens collected on 25th November. Judging
from the condition of the blastocysts it may be reasonably surmised that
fertilization might have taken place 8 to 12 days before. Thus in this species
sperms do not remain stored in the genital tract of the female for a long period
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after insemination. On the other hand it is very likely that copulation is
quickly followed by fertilization.

In the adult males the testes do not exhibit any spermatogenetic activity
from January to July. From July onward the testes become active, and
progressively advanced stages of spermatogenesis are found during the
following months. During October and November the testes are in full
swing of spermatogenesis and the epididymides are filled with spermatozoa.
During the same period (i.e. in October and November) there is also the
highest secretory phase of the accessory glands in the male, indicating that
this is the season when the males are likely to be ready for copulation. Fur-
ther, this suggests that the males and the females have almost a synchronous
sexual season though the males are a little ahead of the females.

It is thus evident that Megaderma lyra lyra undergoes copulation and
ovulation leading to fertilization in a season corresponding to late autumn of
the northern hemisphere. The young are brought forth late in spring. It is
significant to note that amongst the Microchiroptera only members of the
family Megadermatidae seem to exhibit such a breeding season. Thus Mega-
derma lyra lyre exhibits a condition intermediate between a condition in
which copulation takes place in autumn while fertilization takes place in
the following spring and a condition in which both copulation and fertili-
zation take place in the spring. The megadermatid bats appear to be the
only annually breeding insectivorous bats in which pregnancy starts in autumn,
whereas in all the other bats having an annual breeding cycle pregnancy
starts in spring irrespective of the time of copulation.

2. Age of Maturity

After the young ones leave the breasts of their mothers it is hardly pos-
sible to distinguish the adults from the immature animals as regards the
size of the body. The young ones apparently have a rapid growth and are
almost of the same size as their parents when they are weaned. However,
the histological structures of the reproduotive organs and mammary
glands and the size of the pubic nipples in the females and the weight and
the histology of the testes in the males can be considered as valid criteria
for distinguishing adults from immature animals. In the immature females
the ovaries are small and their histological picture presents a characteristic
juvenile condition. There is an innumerable number of early primary fol-
licles without a definite circlet of satellite cells in the medullary region of the
ovary. The mammary glands do not have well-differentiated mammiferous
lobules. The pubic teats are invariably very small and almost invisible
amidst the body hair, unless they are specially searched for. In the im-
mature males the testes are very small and the average weight of the testes,
both put together, is not more than 25 mg. The seminiferous tubules are
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narrow and have only primordial spermatogonia. The intertubular areas
are packed with interstitial cells and connective tissue cells. On the basis of
these criteria it is apparent that during the height of the breeding season a
certain number of immature specimens were collected along with a majority
of mature, sexually active specimens. This suggests that the animals do not
reach sexual maturity within the year of their birth, and very likely not
until at least the autumn of next year. Since the males seem to be a little
ahead of the females in the onset of sexual activity, the males probably do
not become mature until they are at least 15 months old, and the females at
least 18 months old. F¥rom the collection record, however, it is not possible to
state definitely if the animals do come into sexual maturity in their second
vear.

Rollinat and Trouessart (1897) in their work on some rhinolophid bats
observed that frequently the young females in their second year do not
experience oestrus, and consequently their first oestrus does not occur until
their third autumn. They divided their material into: (i) virgin females in
their first autumn, (ii) virgin females in their second autumn, (iii) females
experiencing their first oestrus in their second or third autumn, and (iv)
parous females in their third autumn and some at least in their fourth autumn.
Thus they tried to differentiate the females into different age-groups on the
basis of oestrus.

Baker and Bird (1936) observed that although there was no significant
difference in the sizes of the juvenile and adult animals in the tropical bat of
New Hebrides, Miniopterus australis, there were marked differences in the
size and weight of the testes of the young and the adult. In the young the
testes were very small and the tubules presented a typical juvenile condition.
On the basis of the presence of the juvenile specimens in the breeding season,
they also postulated that this species in New Hebrides does not reach sexual
maturity in the first year of its birth. Matthews (1937) observed that the
females of the British horse-shoe bat do not reach their sexual maturity until
their second autumn, According to him the females of these species would be
34 months old when they wean their second young. Miller (1939) observed
that the males of Myotis lucifugus lucifugus and Myotis grisesens do not
enter into reproductive activity until their second spring.

Gopalakrishna (1947) recorded that females of Scotophilus wroughtoni
get into sexual activity in the first year of their birth and become pregnant
before reaching one year of age. According to him the females of this species
born at the end of June must have a rapid growth and become sexually mature
during the next January, that is, before they are one year old. He suggested
that the tropical bat, Scofophilus wroughtoni, is able to come to sexual
maturity in the first year of birth—at about 9 months of age. This appears to
be a unique instance amongst the insectivorous bats.

4
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Ramakrishna (1951) found that the young of either sex do not breed
within the year of their birth, and that the males and females attain sexual
maturity after 15 months and 19 months of age respectively in the Oriental
vampire bats.

The present study confirms the earlier observations of Ramakrishna
(1951) who recorded with respect to the Oriental vampire bats that the young
of either sex do not attain sexual maturity within the year of their birth.
Megaderma and Scotophilus (Gopalakrishna 1947) inhabit the same geogra-
phical regions but come to sexual maturity at different ages. It is therefore
obvious that climatic conditions alone may not be responsible- for the attain-
ment of sexual maturity of the bats as suggested by Gopalakrishna (1947).
On the other hand there seem to be far more potent genetic factors responsible
for the growth and maturity of the sexual organs.

3. Number of Young and Symmetry of the Female Genitalia

In most of the species of bats so far studied the female genitalia are
perfectly bilaterally symmetrical and the uterus is bicornuate (only in the
members belonging to the family Phyllostomidae the uterus is simplex).
Nevertheless most bats bring forth a single young in each litter and thereby
exhibit marked physiological asymmetry of the genitalia. Robin (1881) and
Jones (1917) made observations on the genitalia of a number of species of
bats belonging to several families. They recorded that within the group
Microchiroptera all gradations are present, ranging from the perfectly bilater-
ally symmetrical condition to the asymmetrical condition. - They also observed
that there is a tendency for the right side of the genitalia physiologically to
dominate over the left side. Matthews (1937, 1942) also noted physiological
dextral dominance in many species of bats, and recorded the culmination
of this process in Rhinolophus hipposideros minutus, where the left ovary
does not even produce mature ova. In a few species of monotokous bats,
such as Desmodus rotundus (Wimsatt and Trapido 1952) and Taphozous longi-
manus (Gopalakrishna 1955), the two sides of the genitalia are equally func-
tional although not synchronously. In these two species there is a quick
succession of pregnancies and the two sides of the genitalia are functional
alternately in successive cycles. Only some members of the family
Vespertilionidae, such as Lasiurus borealis (Lyon 1903), Vesperugo leisleri
(Ramaswami 1933), " Scotophilus wroughtoni (Gopalakrishna 1947), and
Pipistrellus tralatitius abramus (Uchida 1950), are normally polytokous and
carry foetuses in both the uterine cornua simultaneously.

Gopalakrishna (1950) recorded that in Lyroderma lyra lyra ovulation
takes place in either of the ovaries and the conceptus is carried in the uterine
cornu of the same side on which ovum is shed from the ovary. He mentioned

4B
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that it may be possible that in this species there may be a physiological alter-
nation between the two sides of the female genitalia. He drew attention to
the fact that all those females which had the conceptus in the right uterine
cornu had also small pubic teats, thereby suggesting that the right side of the
genitalia functions in the first breeding season and the left side in a subsequent
cycle. Ramakrishna (1951), on the other hand, noted that both in Lyroderma
lyra lyra and Megaderma spasma ovulation and pregnancy are invariably in
the left side of the genitalia, and he mentioned this as the only case of a bat in
which the left side alone is functional. '

The pregnancy recorded of Megaderma lyra lyra reveals that out of the
41 specimens which unquestionably showed pregnancy, 4 carried the con-
ceptus in the right uterine cornu and 37 in the left. 1In every case the corpus
Iuteum was present on the same side as pregnancy.

The present observation, therefore, is closely parallel to that of Gopala-
krishna (1950). However, it is not possible to substantiate Gopalakrishna’s
contention that there may be alternation of pregnancies between the two
cornua in successive years. ¥rom the material available now it is not pos-
sible to decide the side on which the previous pregnancy had occurred. It
is very likely that Ramakrishna (1951) missed the few specimens in which
the right side of the genitalia was functional. Also there does not seem to
be any correlation between the occurrence of small pubic teats and the first
pregnancy occurring on the right uterine cornu, because out of 4 females which
carried the foetus in the right cornu, 2 had large pubic teats and 2 small pubic
teats.

It is thus evident that in Megaderma lyra lyra there is a sinistral physio-
logical dominance in the female genitalia although this has not resulted in the
complete incapacitation of the right side. It is interesting to note that
Megaderma lyra lyra shows similarities to Cordioderma cor and Triaenops
afer (Matthews 1942) (both of these species belong to Megadermatidae), in
the presence of functional ovaries on both sides, occurrence of pregnancy in
either of the horns, and the presence of pubic teats which serve as anchoring
organs for the young.

V. GENERAL CONCLUSIONS

The literature on the reproductive process and the breeding habits in
wild mammals reveals that in general the mammals breed at a specific time or
times of the year and this period may vary with different species. This
feature in the life of the mammals has led several authors to correlate the
environmental factors with the onset of reproductive activity. Most authors, -
however, support the theory that the sexual periodicity in the mammals
appears to be an adaptation so that the offspring may be brought forth in a
favourable season. Only some mammals have the capacity to breed all the
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year round and bring forth young ones several times in the year. This also
may be an adaptation for the propagation of the species—as a factor for sur-
vival.

A majority of the insectivorous bats breed only once a year in a sharply
defined season. However, there are considerable differences in the details of
the breeding habits of the several members. Thus, for example, in most of
the hibernating bats copulation takes place in autumn whereas in the bats
living in warm regions copulation occurs in early spring. However, in both,
conception seems to take place in late spring and parturition in summer.
These anomalies have led to considerable differences of opinion amongst
workers With respect to factors governing the hreeding seasons in bats.
Rollinat and Trouessart (1896, 1897) suggested that the rise in temperature
and the supply of food may act as stimuli for mating in the case of the hiber-
nating bat, Eptesicus serotinus. Baker and Bird (1936), who noted copu-
lation and fertilization in spring in Miniopterus, suggested that the onset of
breeding season in this species was related to the rise in the temperature
and the lengthening of the day. However, Gopalakrishna (1947, 1948) working
on Scotophilus which lives in an ‘unvarying tropical climate’ recorded a
sharply defined breeding season for these bats. He suggested that factors other
than seasonal changes in temperature may be responsible for the onset of
breeding activity. He further drew attention to the fact that since bats are
essentially nocturnal creatures, too much emphasis cannot be laid on the
intensity and the duration of light. ILater, while working on Taphozous -
longimanus, he recorded (1955) that, although Tephozous inhabits regions
where the seasons are sharply defined, it breeds all the year round. He drew
attention to the fact that the species of bats which breed all the year round
are inhabitants of tropical climate. The fact that although several species of
bats inhabit the same locality the breeding habits of the different species
may be different, indicates that climatic factors by themselves cannot be
solely responsible for the onset of reproductive activity. Further, with the
data available at present it is difficult to state as to what extent and in what
manner these factors affect the genital organs and induce gametogenetic
activity in them. Experimental evidences are still wanting specifically to
relate the rise in the temperature to the initiation of sexual activity. Even
in the experiments of Rollinat and Trouessart (1896, 1897) the factor of food
was introduced along with temperature, so that these experiments did not
prove conclusively that the rise in the temperature alone was responsible for
the onset of sexual activity.

In the case of Megaderma the species has a wide geographical distribution
ranging from Ceylon to Kashmir. Thus Megaderma is found in both the
tropical and temperate regions.. But in all these loealities the breeding season
commences in a season corresponding to autumn. This suggests that the
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wide geographical distribution of Megaderma and the variations in the climatic
conditions do not seem to have affected the basic breeding pattern of this
animal to any marked extent. The only variation in the breeding season
within this species seems to be that the season of copulation becomes pro-
gressively postponed by a few days from the equator towards the northern
latitudes. It looks as if the basic breeding pattern is a genetically controlled
phenomenon and is only slightly modified by geographical distribution.

Although many authors have taken into consideration climatic factors,
no one seems to have made any systematic investigation regarding the feeding
habits of these bats. In the case of Megaderma lyre, the animal has been
reported to feed on small vertebrates (Blanford 1891). Recently extensive
work has been undertaken by Dr. Gopalakrishna and his students on the
feeding habits of bats. In a personal communication he states:—

‘T have noted that Megaderma feed mostly on frogs during the months
July through October. From October onwards frogs were not found on the
ground since they go into hibernation. From October until the end of January
T have seen many specimens catching lizards from the walls, and the stomach
contains the remnants of lizard and mammalian tissuc. (I saw a part of
the tail of Calotes in the stomach of one specimen.) There was one instance
when two specimens were perching on the neck of a buffalo. T cannot say
whether they suck the blood or scrape the skin. However, in many instances
mammalian hair was seen in the stomach.’

The above observations point to an interesting conclusion. In the areas
round about Amaravati (near Nagpur) the rainy scason extends from the
middle of June to the end of September. This is the time when frogs are
abundant. It is apparent that the main food of Megaderma lyra during
this period consists of frogs. During the rest of the year this bat seems to
feed on small vertebrates that are available. Tt is also noteworthy that
Gopalakrishna does not report the presence of any insect remnants inside the
stomach of this bat.

If external factors do play any role in the onset of reproductive activity
in Megaderma, it can only be indirect. Temperature and rainfall may help in
bringing about a suitable condition in autumn such that a particular kind of
food—frogs—is available in abundance. The onset of sexual activity which
is basically a genetically controlled phenomenon may also be stimulated
by food through the alimentary canal. Thus whatever influence external
factors have on the onset of sexual activity, it can only be indirect. The
present state of kmowledge does not encourage any generalizations on the
relationship of food to the breeding seasons of bats. A detailed study of the
feeding habits of bats may prove to be of considerable interest and value.

In conclusion it may be said that Megaderma lyra lyra is peculiar in its
breeding habits since copulation, fertilization and pregnancy commence in
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late autumn. In this respect it seems closely to resemble Pieropus giganteus
giganteus, the Indian fruit bat, in Amaravati (Gopalakrishna—personal com-
munication). Megaderma lyra lyra is also interesting in having physiological
dominance of the left side of the female genitalia, and an unusually long
gestation period for an insectivorous bat.
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APPENDIX

Collection Diary of Megaderma lyra lyra (Geoffroy)

(a) Agra Specimens

Collection

i Sexandspecimen

| i No.
Month and date ;\ Place and fixative

JANUARY
26-1-1954 .. . Agra Male
Bouin’s fluid 18

Female

FEBRUARY 1 ‘
26-2-1954 | Agra | Male

Bouin’s fluid ! 28

! i 29

: ; 30

; 31

32

33

34"

35

36

37

38

39

: Female
27

28

Mid-pregnancy in the right horn.
Pubic teats small. Mammary glands
well developed.

i Mid-pregnancy in left horn. Pubic
-~ teats large. Mammary glands well
developed.

Same as in specimen No. 18,

5

Non-pregnant, Pubic teats and
mammary glands not conspicuous.

Same as in specimen No. 18.

Non-pregnant. Pubic teats small.
Mammary glands conspicuous.

Adult.

! Mid-pregnancy in the right horn.
Pubic teats large. Mammary glands
well\ developed.

Mid-pregnancy in left horn. Pubic
teats large. Mammery glands well
developed.

Same as in specimen No. 28.
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APPENDIX-——conid.

(a) Agra Specimens

‘ Collection

Sex and specimen

No. Particulars

303

Month and date ‘ Place and fixative

FEBRUARY
26-2-1954 Agra Female :
Bouin’s fluid 30 Same as in specimen No. 28,
31 Non-pregnant. Pubic teats and
mammary glands not conspicuous.
32 Same as in specimen No. 28.
33 Non-pregnant. Pubic teats small.
Mammary glands conspicuous.
34 Same as in specimen No. 28.
35 o
MARCH :
20-3-1954 . . Agra . Male
Bouin’s fluid ‘ 10 i Adult.
V | 11 . I
! Female X
k : Advanced pregnancy in left horn.
: Pubic  teats large. Mammary
: . glands well developed.
i 37 { Non-pregnant. Pubic teats not con-
i . spicuous. Mammary glands con-
spicuous.
! 38 Same as in specimen No, 37,
! 39 : »
10 i Same as in specimen No. 36.
41 ; 13
| i 42 ’
" | 43 .
;. j 44
APRIL ! .
2.4-1954 . Agra ¢« Male
| Bouin’s fluid 12 Adult.
! ; 1 T,
| i Female :
! i 45 i Advanced pregnancy in left horn.
f ! ! Pubic teats large. Mammary
i : glands well developed.
| i 16 - Non-pregnant. Pubic teats small,
X ‘ i Mammary glands conspicuous.
[ | 47 : Non-pregnant. Pubic teats not
| . conspicuous. Mammary glands
i . conspicuous,
| 48 ! Same asin specimen No. 47,
14-4.1954 .. | Agra | Male }
Bouin's fluid | 44 ¢ Adult.
| 15 .
' I 46 { Immature.
| .
! Female
! | 49 ' Advanced pregnancy in the left horn,
i ! Pubic  teats large. Mammary
| i glands well developed.
;‘ ! 30 Same as in specimen No. 49.
52 !
53 Non-pregnant., Pubic teats small,
Mammary glands conspicuous.
54 Same as in specimen No. 53.
55 Same as in specimen No. 49.
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APPENDIX—conid.

(@) Agra Specimens

MAY
20-5-1954

JUNE
13-6-1954

JULY
20-7-1954

{

Collection
) - : Sex anti\rs(}))e01men Particulars
Month and date } Placeand fixative '
.| Agra Male
i Bouin’s fluid 47 Immature.
: 48 ”9
Female
56 Lactating. Pubic teats sinall. Mam-
mary glands conspicuous.
37 Lactating. Pubic teats large. Mam-
mary glands well developed,
38 Young. Pubic teats and mammary
glands not conspicuous,
! 39 Same as in specimen No. 58,
: 60 2t
‘ 61 Same as in specimen No. 57.
Agra Male ;
Bouin’s fluid 49 - Tmmature.
! 50 i v
3 51 : »
( 52 1’ ;.
| 33 | Adult,
| 54 E
! 35 i Immature,
1 56 "
! 57 Young.
l Fewnale §
: 62 Lactating., Pubic teats large. Mam-
i ! mary glands well developed.
' 33 Same as in specimen No. 62,
; 64 »
X 65 3
| 66 »
E 7 | "
{ 68 : .
; 69 2
| 70 Non-pregnant, Pubic teats and mam-
¢ mary glands not conspicuous.
71 ! Same as in specimen No, 70.
1 | 72 i Lactating. Pubic teats large, Mam-
; I mary glands well developed.
: 73 Young. Pubic teats and mammary
i glands not conspicuous.
; 74 Same as in specimen No. 73.
X 75 s
| 76 .
: 77 Same as in specimen No, 72.
. ,‘[ Agra Male
| Bouin’s fluid 58 Adult.
59 »
i 60 Immature.
| 61 »
‘ 62 »
i 63 s
f 64 Adult.
i 65 Immature.
f 66 »
! 67 ”
!
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APPENDIX—contd.

(@) Agra Specimens

Collection

i Sex and specimen

h

i No.

Month and date \ Placeand fixative '

Particulars

JULY
20-7-1954

AUGUST
16-8-1953

31-8-1954

SKEPTEMBER

25-9-1952

OCTOBER
7-10-1952

. { Agra

 Bouin’s fluid

gra
ouin’s fluid

= b

.| Agra

 Bouin’s fluid

Agra
Bouin’s fluid

Agra
Bouin’s Auid

Female |
78

79
80
81
82
83
84

! 85
86

87

i Male
% 12
13
14
. Female
8

- Male

' 68

| 69

) 70

- Fewmale
88

89

90
91

92

94

w

95
96
97

Male

STt O D

Female

Male

o -3

Non-pregnant. Pubic teats large.
Mammary glands well developed.

Same as in specimen No. 78.

Y}

‘ Non-pregnant.” Pubic teats small.

Mammary glands conspicuous.

i Same as in specimen No, 78,

Non-pregnant. Pubic teats large.
Mammary glands conspicuous.
Same as in specimen No. 86.

Immature.
tEl

i

* Non-pregnant. Pubic teats small.

Mammary glands developed.

_ Adult,

I3}

"

. Non-pregnant. Pubic teats small,

Mammary glands conspicuous.

Non-pregnant. Pubie teats and mam-

mary glands developed.
Same as in specimen No. 88.

| Non-pregnant. Pubic teats and mam.-

mary glands not conspicuous.

i Same as in specimen No. 91,
! Non-pregnant. Pubic teats small.

Mammary glands developed.
Non-pregnant. Pubic teats large.
Mammary glands well developed.
Same as in speciinen No. 93.
Same as in specimen No, 91.
Same as in specimen No, 93.

Adult.,

Non-pregnant. Pubic teats large.
Mammary glands developed.
Same as in specimen No. 1.
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Month and date ] Placeand fixative :

OCTOBER
7-10-1952

NOVEMBER
20.11-1953

DECEMBER
12-12-1953

K. R. RAMASWAMY: STUDIES ON THE

APPENDIX - contd.

JANUARY
13-1-1953

13-1-1954

APRIL
22-4-1952

Collection : ;
la ; !
e e — Sex an(iqsg)ec;men i Particulars
Agra Male
Bouin’s fluid 9 - Immature.
10 Adult.
11 "
Female
Non-prognant. FPubic teats large.
Mammary glands well developed.
Same as in specimen No. 3.
o »
6 .
T Non-pregnant. Pubic teats small.
Mammary glands developed.
Agra Male
Bouin’s fluid 15 Adult.
Female
9 Non-pregnant. Pubic teats small,
Mammary glands developed,
10 Same as in specimen No, 9,
11 Non.pregnant. Pubic teats and mam-
" mary glands non-conspicuous.
12 Same as in specimen No, 9.
13 Early pregnancy in the left horn.
Pubic  teats large. Mammary
glands well developed.
14 Same as in specimen No. 13.
. Agra Male
" Bouin’s fluid 16 Adult.
17 1
Female
15 Karly pregnancy in the left horn,
Pubic  teats large. Mammary
glands well developed.
16 : Early pregnancy in the right horn.
Pubic teats large. Mammary
glands well developed.
{(b) Bhandara Specimens
Bhandara Muale
Bouin’s fluid BJ 1 Adult.
BJ 9 22
Bhandara Female
Bouin’s fluid bj 1 Mid-pregnancy in the left horn.
" Pubic teats large. Mammary
glands well developed.
. . Bbandara Female
. Sanefelice’s BA 1 Lactating. Pubic teats large. Mam-
fluid mary glands well developed.
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APPENDIX—cond.
(b) Bhandara Specimens

Collection

e S _ Sex and specimen Particul
! : No. articulars
Month and date Place and fixative
AUGUST
19-8-1947 ..~ Bhandara Male
Carnoy’s fluid BAg | Adult.
Female
BAG 1 Non-pregnant. Pubic teats small.
Mammary glands developed.
BAG 2 Non-pregnant,
BAG 3 '
OCTOBER,
1947
8-10-1952 .. Bhandara Male
Bouin’s fluid BO 1 Adult.
BO 2 >
(¢) Nagpur Specimens
Collection
- Sex an%‘specimen Body weight Particulars
Month and date Place.afl(l No. ‘ in gm,
fixative
MARCH
16-3-1953 ..  Nagpur Male
Bouin’s fluid J 1 87-506 . Adult.
Female !
Jo 1 90-875 | Advanced pregnency in left
| horn. Pubic teats large.
f Mammary glands well de-
! veloped.
Jo 2 91-25 . Advanced pregnancy in left
‘ horn. Pubic teats small,
: i Mammary glands well de-
! : veloped.
" Jo3 0225 ! Same as in specimen No,
I Jol.
Jo 4 99-225 s : 5
Jo s 104-56 . Same as in specimen No.
. Jo 2,
Jo 6 10263 : nge as in specimen No,
; ; o 1.
28.3.1953 .. | Nagpur Male |
' Bouin’s fluid J 2 753-1475 | Adult.
| J 3 779625 ,
| J 4 49-225 '
J 5 106-3125 »»
J 6 779625 3
J 7 8505 »
J 8 85-05 ss
J 9 779625 5
Female .
Jo 7 113-4 Advanced pregnancy in the
i left horn. Pubic teats
) large. Mammary glands
‘ well developed.
Jo 8 ©106-3125 Advanced pregnancy in the

right horn. Pubic teats
: small. Mammary glands
i developed.

|




