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Seasonally monoestrous reproduction in the molossid bat, Tadarida aegyptiaca from
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A histological study of reproduction in Egyptian free-tailed bats (Tadarida aegyptiaca) irom the Eastern Cape
Province of Scuth Airica (c. 33"8) showed that females were seasonally monoestrous. Copulation, ovulation
and fertilization occurred in August, at the end of winter, and births in December, after a four-month pregnancy.
These results are compared with those of other molossid bats from lower latitudes in Africa. We conclude that
the monoestrous habit of the Egyptian free-tailed bat at 33°S may be due to its relatively long pregnancy, and to
the short summer period during which minimum temperatures are high encugh to ensure an abundance of noc-
turnal flying insects.

'n Histologiese ondersoek van Egiptiese losstertvlermuise { Tadarida aegyptiaca) van die Oostelike Kaap Provin-
sie van Suid-Afrika (c. 33°S) toon dat dear slegs 'n enkele estrus per jaar is en dat dit seisoensgebonde is. Par-
ing, ovulasie en bevrugting vind plaas gedurende Augustus, aan die einde van die winter, met geboortes
gedurende Desember na 'n dragtigheidspericde van vier maande. Die resultate word vergelyk met die van ander
molossiede vlermuise van laer breedtegrade in Afrika. Ons maak die gevolgirekking dat die enkele estrus van
Egiptiese losstertvlermuise teen 33°5 verklaar kan word deur 'n lang dragtigheidsperiode en die kort tydperk
gedurende die somer wanneer die minimum temperature hoog genoeg is om te verseker dat daar 'n oorviced

vlieénde naginsekte is.

* o whom correspondence should be addressed

Free-tuiled bats of the Family Molossidae occur (rom South-
ern Linrope and Asia, throughout the islands of the Pacific
Rim to Australia, and throughout Africa, excluding the
Sahara. In the New World, their distribution stretches from
central USA to Argentina and Chile (Hill & Smith 1984). The
family has radiated widely in Africa, with 32 species south of
the Sahara (Hayman & Hill 1971; Corbet & 11111 1991) and 14
species south of the Limpope river (Smithers 1983). The
Angolan free-tailed bat (Tadarida condviura), the little free-
tailed bat (7. pumila) and the Egypuan free-tailed bat (T.
aegyptiaca) have extensive geographic ranges throughout
Africa (Smithers 1983) and arc thus suitable specics with
which te study the intcractions between latitude, climate and
reproduction. C'onsiderable comparative data are available for
1. condylura and 1. pumile from a wide range of latitudes
(10"N=25"8) which show that I, pumila responds to increas-
ing latitude by reducing the number of reproductive cycles in
a season, while 17 condylura always has two pregnancies per
season, and responds w0 increasing latitude by reducing the
interval betwecn pregnancics (Ilarrison 1958, Marshall &
Corbet 1959; Kock 196%; Smithers 1971; Mutere 1973a;
McWilliam 1976 m Happold & Happold 1989; Smithers &
Wilson 1979; (YSheu & Vaughan 1980, Anscll 1986, van der
Merwe, Rautenbach & van der Colf 1986; van der Merwe,
Giddings & Rautenbach 1987, and sce llappold & Happold
1989, 1990 for reviews). There are no data for these species
from more temperate latitudes 1o Africa, and the awailable
intormation on reproduction of the Egyptian free-tailed bat
[rom Africa is meagre. In an attempt to [ill this gap in our
knowledge of molossid reproduction, we describe bere the
reproductive cycle of the Egyptian free-tailed bat from 33°S
in the Baswern Cape Provinee of Scuth Africa, and discuss the
relativnship between latitude, climate and reproduction.

Materials and Methods

Although the Egyptian free-tailed bat is common in the East-
ern Cape Province, its habit of reosting in exposed cliff faces
and the roofs of houses and churches made collection diffi-
cult. It was not possible 1o collect sufficient specimens in one
year and small numbers of adult specimens were collected
monthly from Janvary 1991 to December 1993 (Table 1). In
order o establish whether reproductive maturity was reached
in the first year, a small number of young bats {adult size but
with unworn teeth) were collected in April, June, July, August
and October. All specimens were collected as they emerged
from roosts in the Grahamstown (33°2('S, 26°30'F) and Alex-
andria {33°40°S, 26°25'E) regions of the Eastern Cape Prov-
ince of South Africa.

Table 1 Summary of the monthly samples
of adult Egyptian free-tailed bats

Sample size
Month Female Male
January 3 1
Trebruary 4 3
March 4 7
April 3 3
May 4 4
June 3 3
July i 4
Augusl 1 4
September 4 3
October 5 4
November 4 4
December 4 k]




S.Afr. ). Zool, 1995, 30(1)

Specimens were killed with an overdose of sodium pento-
barbitone (Euthanase;, Centaur Labs, Johanneshurg), weighed
1o 0,1 g and the forearm mecasured to 1 mm. Reproductive
organs were removed, fixed for about one month in Bouin's
{luid, and thereafter prepared for light microscopy using
standard techniques. Sections (5 pm) were stained with Ehr-
lich's haematoxylin and counterstained with cosin. Testes and
attached epididymides and the male reproductive accessory
gland complex were weighed (1o 1,0 mg) before fixation.
Changes in spermatogenic aclivily were assessed by examin-
ing 100 randomly sclected sections through seminiferous
tubules of cuch testis und classifying each section as being
cither spcrmatogenically inactive (seminiferous ecpithelium
lined by spermatogonia and Serteli cells only), er in carly
spermatogenesis (spermatogoenia and spermatocyles present
but no spermatids), or in lale spermatogencsis (spermiogen-
esis occurring with spermatozoa in the lumen of the seminif-
ercus tubules and the epididymides). A bat was placed into a
specific catepory if more than 30% of the seminiferous
tubules were in a particular cendition. The diameter of 20
seminiferous tubules per testis and the height of the seminif-
erous epithelium in the same 20 tubules was measured with
an optical micrometer for cach specimen. Changes in female
repraductive activity were gualitatively assessed by recording
the presence or absence of secondary and Graafian follicles
and corpora lutea 1n ¢ach ovary, the structure of the utenne
wall, the presence or absence of a coneeptus, the developmen-
tal stage of the conceplus, and whether lactation was occur-
ring.

Climalic data were obtained from the Rhodes University
weather station in Grahamstown.

Throughout this report data are presented as mean £ 1 5.0,
Means have been compared using one way ANOVA and the
Tukey moltiple range test.

Results

The male reproductive ract comprised paired abdominal tes-
tes and associated epididymides which remained within the
abdominal cavity throughout the year. The male reproduclive
accessory complex consisted of paired ampullary glands and
seminal vesicles, a compound prostate gland and bilobed ure-
thral gland.

The climate of the study arca 1§ strongly scasonal with a
single hot season from October to April and cooler scason
from May to September (Tigure 1). Seasonality in rainfall i
masked by the tremendous variability but typically the warm
summer months are wetter and the cool winter months drier
(Figure 1B).

Spermatogenests commenced in February (Figure 2) with
the appearance of primary spermatocytes in the germinal epi-
thelium, and during l'ebruary and March more than 90% of
all seminiferous tubules were in early spermalogenesis.
Berween April and June there was an ingrease 1n the number
of scmuniferous tubules 1n which spermiogencsis was occur-
ring (April 12%; June 87%) and in July more than 90% of all
semmniferous tubules were in late spermatogenesis. Spermato-
zoa wure fiest released to the epididymides in July and
temained stored in the cauda epididymis until September, In
August and September the seminiferous twbules regressed and
from Qctober (o Janvary they were speninatogenically inag-
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Figure 1 Monthly changes in mean maximum and minimum tem-
peratures (Figurc 1A) and rainfall (Figure 1B) for the period 1984
1994 recorded at the Rhodes University weather station. Grahams-
town. The horizontal line in 1A is at 137°C.

tive. The cycle of spermatogenic activity was mirrored by
changes in testis mass, the diameier of seminiferons tubules
(not illustrated) and the height of the seminiferous epithelinm,
all of which were significantly greater during late sperma-
togenesis (July and August) than during spermatogenic inac-
tivity (October to Janoary; p < 0,05, Figure 2). The compo-
nents of the reproduoctive accessory complex were secretorily
active between July and Seplember, and inactive during the
remainder of the year. The mass of the accessory gland com-
plex was significantly greater during the period of activity
{July to September) than at any other time of the year {p <
0,001; Figure 2).

The uterus of the Lgyptian free-tailed bat was bicornuale
and in adults {n = 44), the right uterine horn (3.1 = 1,0 mm)
was significantly larger than the left (1,9 x 0.9 mm; p < 0,01),
and the right ovary, (1.8 = 0.2 mm) was significantly larger
than the lett ovary {1,4 £ (0,2 mm, p < 0,05).

Follicular development was  typically mammalian and
developmental stages up to the secondary follicle occurred in
both ovaries. Larpe secondary and Graafian follicles, and the
corpus lutcum occurred in the right ovary only. Follicular
development began in April with the appearance of develop-
ing secondary follicles in both ovaries. Small Craafian (olli-
cles occurred in the right ovary in May and hy July
preovulatory Graafian follicles were present. Coinciding with
this period of fellicular development, the uterine endeme-
trium underwent a period of development in which it became
increasingly glandular and vascularized. Copulation, ovula-
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Figure 2 Monthly changes in tests mass {2A), height of the seminif-
crous cpithelium (2B) and mass of the male reproductive accessory
complex {2C) of the Lgyptian free-tailed bat. Data are presented as
means £ 15.7).

tion and fertilization oceurred in August when all three speci-
mens bad spermatozoa throughout the female reproductive
tract and two had a newly formed corpus lutcum in the right
ovary. From Sceptember to December all females were preg-
nant with a corpus luteum in the right ovary. A second period
of follicular development, which did not culminate in ovula-
tion, occurred between October and December when develop-
ing Graafian follicles were present in the nght ovary. Of the
four specimens collected in December three were in late preg-
nancy and onc was lactating. Lactation continued in January
and by lebruary females were in anocstrus. There was no ¢vi-
dence of 4 peried of reproductive delay during pregnancy.

Young males (less than one year old) collected in April,
June and July (n = 1 per month) were reproductively inactive,
and young [emales collected in August (1) and October (2)
WETE pregnant,

In summary, the Ligyptian free-tailed bat is a monoestrous,
monotocous seasonal breeder in which spermatogencesis and
follicular development occur during winter. Copulation, ovu-
lation and fertilization occur in Aupust (late winlter) and
births, in December after a gestation of about four months,
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Discussion

Reproductive asymmetry is common among the Chiroplera
(Jerrett 1977; Wimsatl 1979 for review) and the dextral func-
tional asymmetry described here for the Egyptian (ree-tailed
bat is typical of the Molossidae (Krutzsch & Crichion 1985;
Happold & Happold 1989; Cotterill & Fergusson 1993). The
results from the present study, which suggest that male Egyp-
tian free-tailed bats reach sexual malurity, in their second year
while females are sexually mature during their first year are
similar to those reported for other molossids (Short 1961:
Krutzsch & Crichion 1985; Crichion & Krutzsch 1987).

Most bats from wemperate latitudes are monoestrous, and it
is widely accepted that births, at all latitudes, are timed to
coincide with increased insect abundance during summer
{Rautenbach, Kemp & Scholtz 1988; Happold & Ilappold
1990). If this is the case, then populations at different lati-
tudes, exposed to different day lengths, climates and patteras
of food abundance. might be expected to show different pat-
terns of reproduction. Tndeed, in most cases where sufficient
comparative data arc available, this is so, and such reproduc-
tive flexibility is perhaps best developed in the molossids
(Happold & Happald 1990). In temperate latitudes, members
of the family are moneestrous and monotecous and reproduc-
tion is seasonal and synchronized (Krutzsch 1979; Jerreu
1979; Crichton & Krutzsch 1987, Krutzsch & Crichton
1987). By contrast in subwopical and tropical latitudes, the
reproductive scason is longer, the species are polyoestrous
and the synchronicity may be lost (Happold & Happold
1990). The only exception to this appears to be Qromops mar-
Hensseni which 1s a monoestrous, scasonal breeder in the
tropics (Mutere 1973b). The single characteristic that appears
unaffected by changes in latitude is litter siz¢ and most
molossids, irrespective of latitude are monotocous (Mutere
1973a,b; Happold & Happold 1990). Reproduction in the lit-
tle [rec-tailed bat is aseasonal in Ghana (10°N), with up to
five pregnancies per year (McWilliam 1976 in Happold &
Happold 1989), and is aseasonal in equatorial Uganda, where
although pregnant females are present in all months, there is
some synchronization of pregnancy and three periods of birth
(Mutere 1973h; Marshall & Corbet 1959; and see Happold &
Happold 1989 for review). At both these localities rain falls
throughout the year and the aseasonal reproduction is pre-
sumably a responsc to a lack of scasonality in the abundance
of food. The response of the little free-tailed bat to changing
rainfall, and presumably insect abundance, is clearly scen in
Kenya (2°S) where there are two quite short rainy seasons and
two synchronized breeding scasons (O'Shca & Vaughan
1980). In subtropical South Africa (25°8), where therc is an
eight-month long hot, wet summer, reproduction is seasonal
with three consccutive pregnancies (van der Merwe ef al.
1986, 1987). The Angolan free-1ailed bat shows a quite dilfer-
ent type of variability with two pregnancies throughout its
range. In Uganda and Kenya the interbirth interval is three to
four months and hirths coincide with peaks in rainfall. By
contrast in Malawi, where there is one long rainy scason, the
interbirth interval is one month, allowing two pregnancics to
fit into the breeding season. A similar pauern of reproduction
15 seen in the large Madagascar free-tailed bal (Tadarida ful-
minans) except that while onc pregnancy comncides with the
wel season, the other occurs during the dry season (Cotterill
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& Fergusson 1993). These three African molossids may expe-
ricnce a post-partum oestrus under certain conditions, allow-
ing them to complete two or three pregnancies in a single
breeding scason.

The limited available data for the Egyptian free-tailed bat
indicate that births occur in summer (Rautcnbach 1982
Smithers 1971; Smithers & Wilson 1979, Herselman & Nor-
ton 1985) and results from the present study confirm this.
Furthermore, our results show that at low temperate latitudes
in Africa, there is no post-partum oestrus and only ene preg-
nancy per year, As such, the cycle is similar to that reported
for the same species from India (22°N) where mating occurs
in May/June and births in September after a 77-90 day preg-
nancy (Kashyap 1980). The seasonal monoestry seen in the
Egyptian free-tailed bat at 33”5 in South Africa is very differ-
ent from the scasonal polyoestry, with as many as three con-
secutive pregnancies, seen in the litlle free-tailed bat at 24’8
in South Africa. The little free-tailed bat is smaller and has a
shorter gestation (11 g; 60 days, van der Merwe et al. 1986)
than the Egyptian free-tailed bat (15 g; about 120 days,
present study), thus predisposing the little free-tailed bat to
polyocestry. However, it is just as likely that the climate of the
two areas plays an important part in moulding the patterns of
reproduction. At 24°S in the Transvaal lowveld, the mean
minimum temperature during the eight month breeding sea-
son is always ahove 13°C, and for four months when 78% of
births occur (November to February), it is between 18 and 21
°C (van der Merwe et al. 1986). At 33°S mean monthly mini-
mum temperatures are above 13°C for four months only
(December—March; Figure 1A). It has been suggested that the
prolonged peried of relatively high mean minimum tempera-
tures at 24°S in South Africa provides a long summer breed-
ing season, and this, in conjunction with the occurrence of a
post-parturn cestrus, ensures that the little free-tailed bat can
fit three pregnancies into the summer (van der Merwe ef al.
1986, 1987). It seems reasonable, therefore, to suggest that
the seasonally monoestrous habit of the Epyptian free-tailed
bat in South Africa may be cxplained in terms of its long ges-
tation and the relatively short period during which minimum
temperatures are high enough to ensure an abundance of noc-
urnal, flying insects,

In conclusion, our results clearly show that with increasing
latitude in Africa, reproduction in molossid bats changes from
aseasonal to seasonal and from polyoestrous to monoestrous.
It has been suggested that the wide distribution of molossid
bats may, in part, be due to their reproductive flexibility (Hap-
pold & Happold 1989, 199()) and the data from the present
study further support this.
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