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Activity cycle, feeding and reproduction of Molos-
sus ater (Chiroptera: Molossidae) in Brazil

Suely Aparecida Marques *

ABSTRACT: In a study of a colony of approximately 500
Molossus ater inhabiting the roof of a house in Manaus, Ama-
zonas, Brazil, there was no rclationship between season and
daily food consumption o+ capture efficiency, indicating that
variation in food abundance, if it occurred, did not significzntly
influence food consumption. Absence of reproduction was
associated with negative snergy balance evidenced by de-
creasing weight. Pregnancy without subsequent production of
offsoring was associated with energy balance favorabls enough
to support pregnancy, but not lactation. Only when ensrgy
balance was good, as evidenced by increasing weight. did
fem=les successfully produce offspring. Females were repro-
ductively active during most of thc year. This indicated that
females do not predict the best season for weaning offspring,
conirary to what has been proposed in the literature. Because
pregnancy occurred throughout most of the year, but only a
few young survived, pregrancy was not a good indicator of
the season of successful reproduction. In the absence of
direct evidence of survival of the young, lactation can be used
to irdicate successful production of offspring.

INTRODUCTION

Foraging by most species of insectivercus bats is restricted
to the first hours after sunset (Jones, 1965; Brown, 1968; Richter
et al., 1976; Fenton et al., 1977; Fenton & Thomas, 1880). Insec-
tivorous bats can fill their stcmachs 'n 20-60 min {Gould, 1955).
Climatic conditions, principally rain and light intensity, can
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chenge their ectivity (Geould, 1961; Wilson 1971a; Kunz, 1974:
Spenrath & LaVel, 1974; Fentor & Kunz, 1977; Fenton et al.,
1977; Subbaraj & Chandrashekaran, 1977; Erkert, 1978).

Several studies, principally in Costa Rica and Panama, indi-
cate that seasonality of reproduction in insectivorous bats is
due to seasonality of fond abundance, which varies with rainfall
(Janzen & Schoerer, 196S: Wilson & Findley, 1970; Mares & Wil-
son, 1971; Wilson 1971a, 1973, 1979; Fleming ei al., 1972: Mu-
tere, 1973; Yalden & Morris, 1975; McNab, 1976: Myers, 1977:
Tacder, 1980; Racey 1982).

Most researchers correlate their data with climatic and
biotic factors, measured or described subjectively at other lo-
calities and often from other y=ars. One of ihe few studies to
record changes in climate and food rescource at the same locali-
ty and time that the bats were samplec is that of McWilliam,
in Kenya, at a site within 5°S of the equator (1982, cited by Racey,
1982). He found a strong correlation among rainfall, insect availa-
bility and bimodal reproduction of Coleura afra (Racey, 1982).

Here I desciike correlations among activity period, rainfall,
food consumption, hody condition and reproduction ot Molossus
ater (Geoffroy. 1805), a species of insectivcrous bat with a wide
distribution in Latin America from northen Mexico to northern
Argentina. The colony studied was commensai with man in the
rcof of a house in Ma2n2us, Amazonas, Brazil. Observations on
the time of emergence <f M. molossus living in the same roof
are alsc presented.

MATERIALS AND METHODS

Manaus (3°S; 60°W) is on the l=ft bank of the Rio Negro ir a
region of tropical rain forest. The city is surrounded by second-
ary forest. Data were ccllected from May 1980 to March 1981
and from February 1982 to March 1983.

The mean annual precipitation in Manaus is 2,160 mm,
March being the wettast month and August the driest. The dry
season generally occurs between July and October. Mean
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monthly temperature varies from 259 to 27.9°C (data from
1910-1975, Boletim Agroclimatoldgico, Instituto Nacional de
Metereologia, Brazil).

Two species of bats, M. ater and M. molossus, formed the
colony in the rcof of the house. At the beginning of field work,
the populations of M. ater and M. molossus, estimated by
counting individuals leaving at dusk. were approximately 500
and 150, respectively. There were insufficient M. molossus for
detaiied studies and the present paper is more or less limited to
M. ater. The roof of the house was disturbad when broken tiles
were repaired betwen the first and second periods of field
work. At the end of the field work, in March 1983, the population
of M. ater had been reduced to approximately 60 bats.

The number of bats leaving and entering the roof was recor-
ded in ten-minute intervals. During eight nights, the number of
bats and iight intensity were recorded at one-minute intervals
from 1730 to 2000h. During 1980 and 1981, observations of the
number of bats leaving and entering the roof were iade
throughout ten nights (1800-0600h). These observations showed
that the largest numbers of bats foraged during the periods
1800-2000h and  0400-0600h. On three days, observations
were made only during the periods 1800-2000h and 0400-0600h.
Between February 1982 and March 1983 observations of activity
were made from 1800 to 2000k (ien nights)and from 0400 to
0600h (three nights).

To determine the reproductive stete, food consumption and
body condition of animals, colections were made at two-month
intervals with hand nets or mist-ncts suspended in front of the
entrance to the roof from 1730 to 2000h.

Before weighing bats, stomzch contents and embrycs were
removed. Length of right forearm, length and widith of right
testicle and crown-rump length of embryos were measured with
Vernier calipers. Bats collected were classified as: 1) young
female; 2) pregnant female; 3) lactating female: 4) female not
pregnant not lactating; 5) young male; 6) active male (length of
testicle= 5.5 mm) and 7) inactive male (< 5.5 mm).
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The food fragments found in the stomachs of M. ater were
very difficult to identify, and time was available to analyze only
eight stomachs.

The animals collected are deposited at the Museu Paraense
Emilic Goeldi, Belém, Pard — Brazil (MPEG 11905-12119).

Statistical methods

Capture efficiency of the bats was considered to be
the quantity of food consumed per minute of fcraging. Quantity
of food ingested by bats during the foraging period was esti-
mated by the mean dry weight of stomach contents of a sample
of six individuals coming back to the roof after foraging. The
animals appeared to be active inside the roof for most of the
night, but foraged only during a restricted period. Foraging
period was calculated as the median interval between the exit
and the entrance of the bats to the roof in the evening.

The following indices were used to estimate the condition
of the bats: body weight, body weight/forearm length, bedy
weight/forearm length?3, and loa body weight/log forearm length.
As there was no significative difference among the coefficients
of variation {Friedman’s analysis of variance by ranks: Siegel,
1956) of indices used for males (x2r = 6.50, 0.05>p>0.02) or
for females (x2r = 2.17,0.5>p>0.3) | used body weight because
this is the simplest measure The average length of animals did
not vary among the collections.

RESULTS
Activity period
About half an hour before the bats left the roof they began
vocalizing ioudly. Vocalizations were also heard during the

night, indicating that the animals were active.
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The activity period consisted of three phasas. Piincipal fo-
raging activity was restricted to the first hours after dusk and
it was brief (X = 50.5 min, 95% confidence limits of the
mean = 42.88 - 58.12). Later the number of the bats leaving
and entering the roost decreased to one or two per hour. At
dawn there was a second foraging period with fewer bats (Fig.
1a).

The two species sometimes left at the same time in the
evening (Fig 2a), but at other times the two peaks of emergence
were distinct and M. ater always departed first (Fig. 2b), thus
commencing foreging in higher light intensity than M. molossus.
Light intensity at the time of emergence of the bats at dusk
varied for the two species, demonstrating a range of 37.00 to
984.75 Lux for M. ater and a range of 3.35 to 44.00 Lux for M.
molossus. M ater left at approximately 1800h independent of
light intensity. The period of foraging was generally longer on
nights with high light intensity, but probably because of the small
sample size, the correlation between the foraging period and
light intensity was not statistically significant (r = 0.59, 0.2>
p> 0.1).

The number of hats foraging was greatly reduced on 7 May
1980 when heavy rain fell from 1755 tc 1815h. Bats that had
already left the roost returned soon after the rain commenced
(Fig. 1b). On two nights of observation with strong winds, fewer
bats foraged and the period of foraging was shorter (35 and 31
min) than the mean number on nights without wind (X = 51.1
min.).

Feeding

Most of the identifiable items in the stomach contents of
the bats were abdomens and forelegs of insects. Bacause few
heads and wings were found, identificztion beyond order was
difficult. Hymenoptera were found in six of eight stomachs
analyzed, Coleoptera and Hemiptera in three, Diptera in two
and Lepidoptera in one.
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The weights of stomach contents of males and females
were not significatively different for the months that could be
tested (only two females were collected in April 1982). There-
fore, data for males and females were pooled for analysis of
seasonal variaticn in food consumption. There was no signifi-
cant correlation between the weight of stomach contents (dry)
and the fresh weichts of the bodies {carcasses) of bats col-
lected (r := -0.2, p > 0.5) (Fig. 3a-d). Therefore, the weight of
stomach conterts was independent of size of the animis.

The body weight of animals varied sigrificantly between
collections but not the lenght of forzarm, indicating probably
variation in body fat. The wsight of stomach contents was low
hetween May and November 1980 |dry season and beaginning of
raimy season), but the end of January 1981 (in the middle of the
rainy season), the animals returned to the roost with more food
in their stomachs) fFig. 3a,e). The weight of stomach contents
was high in February, July and August 1982 (middie of the rairy
season and dry season). The weight was low in April 1982 (at
the end of rainy season, but there was little rain) and interme-
diate in October 1982 (at the end of dry season) (Fig. 3b.f).

The estimate of capture efficizncy varied during the period
of study from 16.67 to 19.00 mg of dry weight of food consumed
per minute of foraging. February 1981 (middle of the rainy
season) was the month wiht the highest capture efficiency
(Fig. 3a-b).

The body weights of the males and females incrzased
from May 1980 to January 1981 and decreased sharply between
January 1981 and March 1981 (Fig. 3c). There was a strong
correlation between the body weight of the males and fernales
(r = 40.97, p<0.001) during that period. The body weight of
males was high in August 1982 and in January 1983 and fower in
the other months. Females were heavy in February and April 1982,
but in the remaining months their weights were lowsr (Fig. 3d).
There was no significative correlation between male and fema-
le weights (r — 0.47, 0.5>p>0.2) in the period February 1982
to January 1983.
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The body weights of both sexes and food consumption during
the period 1982 to 1983 are lower than the highest values re-
corded for 1980-1981.

Reproduction

Pregnant females were collected in all months except May
1980 and March 1981 (Fig. 3g-h). Females were not considered
to be pregnant if embryos were nct visible macroscopically.
Females exhibited polyestry: more than 20% of females col-
lected in August and October 1982 were pregnant and lactating
simultaneously, and in seven of the twelve collections more
than 50% of the females were pregnant. Pregnant females had
embryos with approximately the same size in each collection,
indicating synchronization of pregnancy.

The duration of pregnancy appears to be between two and
three months, based on the interval between peaks of pregnancy
end lactation in 1980 and 1981. All pregnant females carried
single embryos. | did not observe females carrying babies when
foraging, and it is likely that aduits stay within the roost to iend
non-volant young. Few young were observed leaving the roost
to forage, indicating low survival of the coffspring or rapid
dispersal after weaning.

The reproductive activity of females and body weight of
males and females were low at the end of the reiny season, when
the food consumption was intermediate or high in the two periods
of study (Fig. 3). More than 50% of females were pregnant
and/or lactating in each collection during the dry season.
Many young were surviving at the end of the dry season of
1980, but the ahsence of lactation indicated that few young
survived in 1982. The proportion of lactating females was low
from the beginning to the middle of the rainy season in both
periods of study, suggesting that few young survived.

Reproductive success with pregnancy followed by lactatinn
occurred only between July and November 1980. The females
gradually increased in weight, even though they were pregnent
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and lactanting, indicating that energy balance was positive in
that period. During March, 1981, and probably May 1980 and
February 1982, the weights of animals suffered decrease, indica-
ting a negative energy balance. Few females were pregnant in
that period and there was no evidence of lactation. Attempts at
reproduction (pregnancy followed by lactation) occurred several
times in 1982. After the initial decrease, feniales maintainad
low but constant wetght. Apparentiy conditions were not so
poor as to stop reproduciion totally, but they were not favora-
ble enough for females to maintain lactation.

The reproductive activity of males seemed to be stimula-
ted by availability of females (Fig. 3g-j). When few females
were availablz (the most of femzles were pregnant). the males
were not active; however, they were active during the time that
females were prohsbly receptive (at the end of lactation or
when the last pregnancy failed). Exceptions to reproductive
synchronization between males and females ocurred in May
1980 and February 1982, when females were available, but few
males were active. Even though many females were pregnant
on January 1931 and from July 1982 to January 1983, many males
were active. Apparently the females that did not produce off-
spring mated again.

DISCUSSION

Activity period

M. ater and M. molossus vocalized loudly for about half and
hour before leaving the roof, indicating that the activity period
begins some time before departurs from the roost. Erkert
(1978; 1982) suggests that the pre-emergence period of Mo-
lossus in captivity, indicated by vocalization before the de-
parture of bats, represents a phase of intense grooming activi-
ty and social interaction. Other spacies also vocalize before
leaving the roost (Kunz, 1971; Wilson, 1971a; Subbaraj & Chan-
drashekaran, 1977; Erkert, 1978, 1982).
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M. ater exhibited two peaks of activity : the prircipal peak
occurring at sunset, followed by a period of little or no activity
outside the roost and a secord peak just before dawn. These
peaks may represent peaks in abundance of insect orey. Brown
(1968) ir Costa Rica and Erkert (1978) in Colombia observed
that M. ater and M. molossus had activity periods similar to the
hats in this study. Other insectivorous species also exhibii
activity predominantly at dusk and dawn (Brown, 1968; Kunz,
1971, 1974; Richter et al., 1976; Anthony & Kunz, 1977, Erkert,
1982). These researchers suggest that the peak in activity of
insectivorous bats in the evening represents an adaptation to
utilize: corresponding peaks of twilicht and nocturnal insects
(Bradbury & Vehrencamp, 1976; Swift, 1980; and see references
of activity cycle of insects cited by Kunz, 1971).

M. ater foraged for a brief time (X = 50.5 min, range 30-70
min). Erkert (1978) also reports that M. ater and M. molossus
frequently return to the roost af*er a brief period. Gould (1955)
shows that the mezn times for Myotis lucifugus and Eptesicus
fuscus to return to the roost with fuil stomachs are 70 min and
58 min, respectively, which are somewhat greater than the
mean recorded for Molossus in this study.

Heavy rain in the evening seemed to change the foraging
behavior of M. ater. Erkert (1978) reports that rain during the
night results in a greater number of bats foraging at dawn.
Heavy rain inhibits the activity of many species of bats (DeCo-
ursey & DeCoursey, 1954; Goula, 1961; Kunz, 1971, 1973, 1974;
Wilson, 1971a; Spenrath & LaVal, 1974: Fenton & Kunz, 1977; Fen-
ton et al., 1977; Erkert, 1978). This may be related to problems of
thermoregulation or the effect of multiples echos and attenuation
of sound. Lack of insects probably is not the proximate cause of
th2 reduction in the number of bats foraging because insects
usually remain active in the rain (Kunz, 1971; Fenton et al., 1977).

The bats left the roost in the evening at variable light in-
tensities (M. ater: 37.00-984.75 Lux; M. molossus : 3.35-44.00
Lux). The upper limits were considerably higher than those
observed by Erkert (1978) in Colombia where M. ater left the
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roost at light intensities between 30 and 300 Lux and M. molossus
betwsen 5 and 30 Lux. These differences may reflect differences
in activity peaks of insects between the two sites The bats left
the roost at approximately 1800h despite differences in light
intensity, suggesting that an endogenous cycle is involved. The
light intensity may function as a Zeitgeber but no: as the prox-
imate cause of initiation of activity of the bats. The existence
of an internal clock, corrected by environmental light, has been
suggested for many species of bats (DeCoursey & DeCoursey,
1954; Kunz, 1971, 1982; Volte et al., 1974; Subbaraj & Chan-
drashekaran, 1977).

Feeding

Insectivorous bats generally reject heads, forelegs and
elytra of their prey before ingesiing the remaining parts and
Kunz (1971) suggests that the bats reject the most chitinized
pieces due to their low nutritive value. M. ater rejected
the head and elytra, but ingested the forelegs. A variety
of insects was found in the eight stomachs analyzed including
Hymenoptera, Coleoptera, Hemiptera, Diptera and Lepidopte-
ra. Orthoptera has been found in the diet of M. ater by other
researchers (Howell & Burch, 1974; Freeman, 1979; Reis, 1981)
but, probably because of the small sample size, were not found
in this study.

Food consumption based on weight was different in corre-
sponding seasons in the two periods studied. Variation in the
capture efticiency indicated that thers was variation in food
abundance and/or availability. Diet can vary aualitatively (Ad-
vani, 1981). However. because of large gquantitative variation in
food consumption, qualitative variation, if it occurs, is probably
of lesser importance in the energy balarce of bats.

Several researchers have suggested that duting the rainy
season the food is more available because there are more
insects than during the dry season (Moreau, 1950; Skutch, 1950;
Janzen & Schoener, 1968: Wilson 1971b; Fleming et al., 1972; Mu-
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tere, 1973; Anthony & Kunz, 1977; Myers, 1977). In this study, how-
ever, there was no correlation between monthly rainfall and daifly
food consumption or rainfall and capture efficiency. Food con-
sumption may be influenced by availability of food, rain at the
time of foraging, disturbances suffered by the colony, disseases,
and many other factors. At the end of the rainy seasons of both
periods studied the body weights of the animals were low, indi-
cating that if food was abundant, it was not utilized by the bats.
Therefore, food abundance does not always indicate positive
energy balance for the bats.

Reproduction

M. ater showed seasonal polyestry and reproductive
females were caught in all months except May 1980 and
March 1981. Seasonal polyestry i nats has been reported for
Myotis nigricans (Wilson & Findley, 1970; Wilson, 1971a, 1973;
Fleming et al., 1972).

Only females pregnant in July 1980 seemed to have pro-

duced large numbers of offspring. In the remaining months
there were many pregnant females, but corresponc ng laciation
was not detected. Hypotheses that could explain th.s include :
a. Pregnant females may have formed isolated colonies. V.
Taddei (pers. comm.) obs=rved smail colonies of M. molossus
consisting only of pregnant females in scuthern Brazil. Distur-
bance of the colony may also cause pregnant females to leave.
b. If females are not synchronized at pragnancy, the number
of lactating females would not be proportional to the number
of pregnant females in the preceeding period.
c. The collactions were made at two-month intervals, and this
may change the reproductive curves. The data for 1980-81, ac-
cording to Wilson (pers. comm.), are what would be expected for
this species, i.e., females showing a bimodal cycle with post-par-
tum estrus. The problem of interpretation of the reproductive
cycle lies in the 1982 data, whizh, according to Wilson (pers.
comm.) is caused in part by low sample sizes,
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d. The embryos or the neonates did not survive due to environ-
mental stresses, and new estruis were stimulated as occurs in
other mammals (Johnson, 1979; Hrdy, 1980; Loudon et al., 1983).

The last hypotheses seems the most plausible because lac-
tating females stayed in the roost in 1980 and 1981 and the preg-
nant females in each collection had embryos of approximately
the same size, indicating synchronization of pregnancy.

From the difference between peaks cf pregnancy and lac-
tation | estimated that the duration of pregnancy is between
two or three months. In other species of Molossidae, Tadarida
pumilia and T. condylura, the gestation period is approximately
two months (Mutere, 1973).

Females require a lot of energy to sustain the embryo and
lactation (Flux, 1967; Caldwell & Connell, 1968; Myrcha et al.,
1969; Kunz, 1971, 1974; Studier et al., 1973). Thomas (1982)
shows that reproduction of Rangifer tarandus pearyi stops when
the condition of the animal is poor. Merson & Kirkpatrick (1981)
note that the estrus of Peromyscus leucopus in captivity is inter-
rupted when there is restriction of food, even though there is no
apparent decline in body weight of the animals. They suggest
that the reproduction is more sensitive to restriction of food
and therefore is a better indicator of availability of food than
body weight or the quantity of fat. In this study, the energy
balance, represented by variation in body weight of the females,
was directly related to reproductive success.

When he energy balance was positive, represented by in-
creasing body weight, there was successful production of off-
spring. However, when the energy balance was negative, repre-
sented by decreasing body weight, reproduction stopped. At-
tempts at reproduction were unsuccessful when the energy ba-
lance was sufficiently positive to sustain pregnancy, but not lac-
tation (because lactation requires more energy than pregnancy

(Racey, 1982) ). This was evidenced by the Jaw but constant bady
weight.
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Many times the incidence of peaks in pregnancy Is not fol-
lowed by correspondent peaks in lactation suggesting that the
offspring, if born, cannot survive. Therefore, polyestry in this
species does not necessarily reflect sucessful production of
more than one young per year. Reabsorption and abortion of
embryos and infanticide of neonates are well-cocumented in di-
verse mammals groups (Eisenberg, 1981).

Generally, the reproductive strategies of bats are consi-
dered to have evolved so that offspring are produced in the most
energetically favorable season, reproduction being synchronized
with the food abundance through environmental cues, e.g. rain
(Winson & Findley, 1970; Fleming et al., 1972; Wilson, 1973; Yalden
& Morris, 1975; Racey, 1982). Hdussler et al., (1981, cited by Racey
1982), working with M. ater and M. molossus in captivity, suggest
that an endogenous circuannual 1thythm of reproduction may be
involved. The present study indicates that females try to repro-
duce throughout the year when energy halance is positive. The
production of offspring, however, does not always occur because
it depends on environmentzl conditions. This indicates, contrary
to what has been propesed in the literature, that females do
not predict the best season for weaning offspring. If my hypothe-
sis is correct and pregnancy occurs almost the whole year, with
few young surviving, pregnancy is not a good indicator of the
season of maximum production of offspring. In the absence of
direct evidence of survival of the young, lactation can be
used to indicate successful production of offspring.
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RESUMO

Uma coldnia, estimada em 500 individuos de Molossus ater, no forro de
uma casa em Manaus, Am foi estudada. NZo houve relagio entre as esta-
¢des e o consumo didrio de alimento ou eficiéncia de captura, indicando
que variagdo sazonal na aburdincia de alimento, se existe, n3o influencia
a quantidade de alimento consumido. Auséncia de reprodugdo foi associada
com balango energético negativo evidenciado pela perda de peso. Gravidez
sem producdo de filhotes foi associada com balango energético positivo
o bastante para manter gravidez, mas nio lactagdo. Somente quando o ba-
lango energético foi bom, evidenciado pelo aumenio em peso, as fémeas
produziram e criaram os filhotes. Fémeas tentam reproduzir-se a maior parte
do ano. lIsso indica, contrdrio aos propostos na literatura que as fémeas
nao estdo prevendo a melhor época para o desmame dos filhotes. Como
gravidez ocorre o ano todo, mas poucos filhotes sobrevivem, a gravidez
ndo é um bom indicador da época de reproducio com sucesso. Na falta de
uma evidéncia direta da sobrevivéncia dos jovens, a lactagdo pode ser usada
para indicar producio com sucesso de filhotes.

LITERATURE CITED

ADVANTI, R.
1981 — Food and feeding ecology of the rat tailed bat in the Ra-
jasthan desert. Acta Theriol., 26 (15) : 269-272.

ANTHONY, E.LP. & KUNZ, T.H.
197 — Feeding strategies of the little brown bat, Myotis lucifu-
gus, in southern New Hampshire FEcology, 58: T75-786.
BRADBURY, J.W. & VERHENCAMP, S.L.
1976 — Social organization and foraging in Emballonurid bats.
I. Field studies. Behav. Ecol. Sociobiol.,, 1: 337-381.
BROWN, J.B.
1968 — Activity patterns of some neotropical bats. J. Mamm., 49
(4) : 754-757
CALDWELL, L.D. & CONNELL, C.E.
1968 — A precis on energetics of the old-field mouse. Ecology, 49
(3) : 542-548.
DECOURSEY, G. & DECOURSEY, P.J.
1954 — Adaptive aspects of activity rhythms in bats. Biol Bull,
126 : 14-27.

Vol 2(2), 1986



176 Marques,

EISENBERG, J.F.
1981 — The mammalian radiations — an analysis of trends in
evolution, adaptations, and bchavior. The University of
Chicago Press, Chicago, Illinois, 610 pp.

ERKERT, H.G.
1978 — Sunset-related timing of flight activity in neotropical
bats. Oecologia, Berl., 37 : 59-67.
1982 — Ecological aspects of bat activity rhythms. pp. 201-242
In Kunz, T.H. (ed.) Ecology of bats. Plenum Press. New
York and London. 425 pp.

FENTON, M.B., BOYLE, N.G.H., HARRISON, T.M. & OXLEY, DJ.
1977 — Activity patterns, habitat use, and prey selection by some
African insectivorous bats. Biotropica, 9 (2): 73-85.

FENTON, M.B. & KUNZ, T.H.
1977 — Movements and behavior. Pp. 351-364. In Baker, R.J., Jo-
nes Jr., JK. & Carter, D.C. (eds.), Biology of bats of the
New World family Phyllostomatidae. Part I1. Special Pu-
blication The Museumm Texas Tech University, 13: 1-364.

FENTON, M.B. & THOMAS, D.W. ..
1980 — Dry-season overlap in activity patterns, habitat use, and
prey selection by sympatric African insectivorous bats.
Biotropica, 12 (2) : 81-90.

FLEMING, T.H., HOOPER, ET. & WILSON, D.E,

1972 — Three Central American bat communities: structure re-
productive cycles, ancd movement petierns. Ecology, 53
(4) : 555-569.
FLUX, J.&.

1967 — Reproduction and body weights of the hare Lepus euro-
paeus Pallas, in New Zealand. N.Z.J. Sci., 10: 357-401.

FREEMAN, P.W.
1979 — Specialized insectivory: bectle-eating and moth-eating
molessid bats. J. Mamm., 60 (3) : 467-479.

GOULD, E.
1855 — The feeding efficiency »f insectivorous bats. J. Mamm., 36
(3) © 398-407.
COULD, PJ,
1961 — Emergence tims of T'adarida in relation to light intensity.

J. Mamm., 42 (3) : 405-407.

Bol. Mus. Para. Emilio Goeldi



Activity cycle . 177

HAUSSLER, U, MOLLER, E. & SCHMIDT, U.
1981 — Zur Halthng und Jugendtwicklung von Molossus molos-
sus (Chiroptera). Z. Saugetierk, 46 . 337-351.

HOWELL, DJ. & BURCH, D.

1974 — Food habits of some Costa Rica bats. Rev. Biol. Trop., 21
(2): 281-294.

HRDY, S.B.
1980 — The langurs of Abu — female and male strategies of re-
Production. Harvard University Press, Cambridge, Mas-
sachussetts, Second printing, 361 pp.

JANZEN, D.H. & SCHOENER. T.W.
1968 — Differences in insect abundance and diversity between
wetter and drier sites during a tropical dry season. Eco-
logy, 49 (1) : 86-110.

JOHNSON, P.M.
1979 — Reproduction in the plain rock-wallably, Petrogale peni-
cillata inornata Gould. in captivity, with age estimation
of the pouch young. Aust. Wildl. Res., 6: 1-4.

JONES, D.
1965 — Ecological distribution and activity of bats of the Mogol~
lon mountains arez of New Mexico and adjacent Arizona.
Tulane Studies in Zool., 12 (4) : 93-100.

KUNZ, T.H.

1971 — Ecology of the cave bat, Myotis velifer, in South-Central
Kansas and Northwestern Oklahoma. Unpubl. PhD. dis-
sertation. The University of Kansas, Kansas, 148 pp.

1973 — Resource utilization : temporal and spatial components
of bat activity in Central Iowa. J. Mamm., 54: 14-33.

1974 — Feeding ecology of a temperate insectivorous bat (Myotis
velifer). Ecology, 55 (4) : 693-T11.

1982 — Ecology of bats. Plenum Press. New York and London,
425 pp.

LCUDON, AS.I, MCNEILLY, A.S. & MILNE, J.A.
1983 — Nutrition and lactational control of fertility in red deer.
Nature, 302: 145-147.

MARES, M.A. & WILSON, D.E.

1971 — Bat reproduction during the Costa Rica dry season. Bios-
cience, 21 : 471-4717.

Vol 2(2), 1986



178 Marques,

MCNAB, BXK.

1976 — Seasonal fat reserves of bats in two tropical environ-

ments. Ecology, 57 (2) : 332-338.
MCWILLIAM, A.N.

1982 — Adaptive responses to seasonality in four species of Mi-
crochiroptera in Coastal Kenya. Unpublished PhD. disser-
tation, University of Aberdeen, Aberdeen, 290 pp.

MERSON, M.H. & KIRKPATRICK, R.L.

1981 — Relative sensitivity of reproductive activity and body-fat
level to food restriction in white-footed mice. 4mer.
Midland Nat., 106 (2) : 305-312.

MOREAU, RE.

1950 — The breeding seasons of African birds. I. Land Birds, Ibis,

92 : 223-26T7.
MUTERE, F.A.

1973 — Reproduction in two species of equatorial free-tailed bat

(Molossidae). E. Afr. Wildl. J., 11 : 271-280.
MYERS, P.

1977 — Patterns of reproduction of four species of vespertilionid
bats in Paraguay. Univ. Cal. Publ. in Zoology, 107.: 1-14411
plates.

MYRCHA, A., RYSKOWSKI, L. & WALKOWA, W.

1969 — Bionergetics of pregnancy and lactation in white mouse.

Acta Theriol.,, 14 (12): 161-166.
RACEY, PA.

1982 — Ecology of bat reproduction. Pp 57-104 In: Kunz, T.H.
(ed.) Ecology of bats. Plenum Press, New York and Lon-
don, 425 pp.

REIS, N.R. dos

1981 — Estudo ecolégico dos quirdpteros de matas primadrias e
capoeiras da regido de Manaus, Amazonas. Unpublished
PhD. dissertation, INPA/FUA, Manaus, 242 pp.

RICHTER, A.R.,, WARD, GL. & COPE, J.B.

1976 — Preliminary observations of the nocturnal activity of in-
sectivorous bats and their prey in Wayne County, India-
na, Proc. Indiana Acad. Sci., 85: 408-409.

SIEGEL, S.

1956 — Nonparametric statistics for the behavioral sciences.

McGraw-Hill Kogakusha, Tokyo, 312 pp.

SKUTCH, A.A.
1950 — The nesting seasons of Central American birds in relation
to climate and food supply. Ibis, 92: 185-221.

Bol. Mus. Para. Emilio Goeldi



Activity cycle. .. 179

SPENRATH, CA. & LAVAL, RK.
1974 — An ecological study of a resident population of Tadarida
brasiliensis in eastern Texas. Occas. Pap. Mus. Texas Tech
Univ., 21: 1-14.
STUDIER. E. H, LYSENGEN, V.L. & O' FARRELL, M.J.
1973 — Biology of Myotis thysanodes and M. lucifugus (Chirop-
tera: Vespertilionidae). II. Bioenergetics of pregnancy
and lactation. Comp. Biochem. Physiol, 44A: 467-471.

SUBBARAJ, JR. & CHANDRASHEKARAN, MK.
1977 — ‘Rigid’ internal timing in the circadian rhythm of {light
activity in a tropical bat. Oecologia, Berl., 29: 341-348.
SWIFT, SM.
1980 — Activity pattern of Pipistrelle bats, (P. pipistrellus) in
North-East Scotland. J. Zool.,, 190: 285-295.

TADDEI, V.A.
1980 — Biolcgia reprodutiva de Chiroptera : perspectivas e pro-
blemas. Inter-Facies Escritos e Documentos — IBILCE-
UNESP, 6: 1-18.
THOMAS, D.C.
1982 — The relationship between fertility and fat reserves of
peary caribou. Canadian J. Zool., 60 : 597-602.

VOUTE, AM., SLUITER, JW. & GRIMM, M.P,
1974 — The influence of natural light-dark cycle on the activity
rhythm of pond bats (Myotis dasycneme Boie 1825) du-
ring summer. Oecology, Berl., 17: 221-243.
WILSON, D.E.
1971a — Ecology of Myotis nigricans (Mammalia : Chiroptera) on
Barro Colorado Island, Panama Central Zona J. Zool,
Loncon, 163 (1) : 1-13.
1971b — Food habits of Micronycteris hirsuta (Chiroptera: Phy-
roptera : Phyllostomidae). Mammalia, 35 (1) : 107-110.
1973 — Reproduction in neotropical bats. Period biol., 75: 216-217
1979 — Reproductive patterns. Pp. 317-318. In: Baker, R.J., Jones
Jr., JK. & Carter, D.C. (eds.) Biology of bats of the New
World family Phyllostomatidae. Part. III. Spec. Publ. the
Museum Tezas Tech Univers., 16 : 1-441.
WILSON, D.E. & FINDLEY, J.S.
1970 — Reproductive cycle of a mneotropical insectivorous bat,
Myotis nigricans. Nature, 225 (5238) : 1155
YALDEN, D.W. & MORRIS, P.A.
1975 — The lives of bats. New York, Quadrangle/The New York
Time, 247 p.

Vol 2(2), 1986



