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Abstract

Defence of females by dominant males of the Jamaican fruit-ecating bat
Artibeus jamaicensis was observed in two natural colonies over 2 yr. A log-linear
model was used to evaluate the frequency distribution of visits to harems by sex,
season and agonistic interaction of dominant males. Harem group size varied from
four to 18 females, with one adult male in the small and medium-sized groups and
two males in the large groups (> 14 females). A highly significant interaction was
noted between the age and sex of the visitor and the response of the dominant
male. Male visitors were attacked more often than female and juvenile visitors.
Aggressive defence increased during the reproductive seasons, with dominant males
showing more agonistic responses towards male visitors. An increase in the fre-
quency of visits by male visitors was noted in harem groups that ranged in size
from four to 12 females, but the frequency of male visits declined in harem groups
that contained more than 14 females.
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Introduction

Polygyny, the monopolization of several females by one male during the
breeding season (Emlen & Oring 1977), is the most frequently reported mating
system in mammals (Eisenberg 1981). Bats exhibit a variety of social systems,
ranging from monogamy in some carnivorous species (Vehrencamp et al. 1977) to
polygyny in several species of fruit-eating bats (Bradbury 1977; McCracken &
Bradbury 1977; Morrison 1979; Kunz et al. 1983). As in other animal species,
polygyny in bats often shows characteristic patterns: a marked sexual dimorphism,
with males larger than females; the rearing of young by females; a definite age
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structure in social groups, and an operational sex ratio biased towards females
(Orians 1969; Alexander 1974; Ralls 1977). These patterns are formed by the
mechanisms by which one male is able to gain control over several females and
reduce competition with other males (Orians 1969; Bradbury 1977).

The Jamaican fruit-eating bat Artibeus jamaicensis, which is considered a
polygynous species, is one of the most common bats in the Neotropics, living in a
great diversity of habitats (Kunz 1982). In Puerto Rico, compact and stable year-
round groups of one male and several females roost inside solution cavities that
develop on the ceilings of limestone caves. These cavities are numerous, and the
environmental and topographic conditions inside caves are constant, allowing the
development and maintenance of a female-defence type of polygynous mating
system (Kunz et al. 1983). In other localities, individuals and small harem groups
have been found roosting inside hollow trees (Morrison 1978). The availability of
tree holes and their defensibility by male fruit-eating bats promotes roost fidelity
and the maintenance of harem groups that exhibit high roost fidelity (Morrison
1979). Frequent patrolling movements and short foraging flights are used by males
to defend roosting sites (Morrison & Morrison 1981). Ephemeral roosting sites,
such as the tents that bats build under the leaves of some tropical plants (Foster &
Timm 1976), are used by small harem groups of A. jamaicensis, which can be
defended only for brief periods of time (Kunz & McCracken 1995).

This paper describes the behaviour of male Jamaican fruit-eating bats (Art-
ibeus jamaicensis) while defending harem groups from the intrusions of other males
in a female-defence polygynous mating system. The assemblage consisted of groups
of A. jamaicensis roosting inside solution cavities in limestone caves on the Yucatan
peninsula in Mexico (Ortega & Arita 1999). We investigated the defensive behav-
iour displayed by dominant males towards various visitors (female, male or juv-
enile) in different seasons (breeding and non-breeding), to determine whether this
behaviour is affected by the characteristics of the cave or by the reproductive
season of the females.

Methods

Research was conducted for 24 mo, from Jan. 1996 to Feb. 1998, at two caves
in Yucatan, Mexico: Akil (20°14’ N, 89°22” W) and Murciélagos (20°09” N, 89°13’
W) Caves are in the south-eastern Mexican state of Yucatan. Both caves are located
90 m above sea level and are separated by a distance of 30 km. The entire peninsula
is a flat limestone block that favours the development of abundant caves. Because
of its flatness, the northern part of the peninsula shows very little variation in
topography, low habitat heterogeneity, and nearly uniform vegetation cover, con-
sisting of highly disturbed tropical dry forest that has been replaced for the most
part by cropland (Arita & Vargas 1995). As a consequence of the low heterogeneity
of the peninsula, conditions in the caves are very similar, allowing true replication
in comparative studies. The two caves included in this study were selected from a
pool of 36 caves in the area with populations of bats (Arita & Vargas 1995).

Caves are the preferred roosting sites for at least half of the bat species reported
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for the Yucatan (Arita 1996). The Jamaican fruit-eating bat is the second most
common species in the Yucatan caves, and one of the most abundant and wide-
spread bats in the area (Arita & Vargas 1995). In both caves, 4. jamaicensis formed
permanent colonies of approximately 200 individuals situated close to the entrance
(< 100m). The caves showed a marked constancy in ambient temperature
(27.4 + 2.34°C) and relative humidity (> 90%) throughout the year. The ceilings
of both caves included numerous solution cavities. Groups of 4. jamaicensis choose
these cavities as diurnal roosting sites, although several solitary individuals roost
alone on exposed sites on the walls and ceilings of the chambers. In both caves,
more than 75% of the estimated population of fruit-eating bats were captured
and marked. The population at Akil Cave was estimated at 200 individuals, and
Murciélagos Cave harboured approximately 250 bats.

Individuals roosting inside solution cavities were captured using a bucket trap
(Kunz et al. 1996) 0.5m wide and 0.7 m deep. Solitary bats were captured with a
hand-held net or with mist nets set at strategic places inside the caves. All indi-
viduals were marked on the forearm with three coloured, plastic split rings (Avinet
Inc., XB size/4.0 mm diameter) for visual identification (Kunz 1996). Animals were
released at the exact location of their roosting site after being marked. Subsequent
observations showed no detrimental effects of the plastic split rings on bats. More-
over, split rings showed little wear and could be easily read throughout the 24-mo
study.

Individuals were considered to be adults when the wing epiphyses were com-
pletely ossified, and to be juveniles when the joints were cartilaginous. Standard
morphological measurements were taken to corroborate this classification. A spring
scale (exact to 0.1 mm) was used for measuring body mass; a mechanical calliper
(exact to 0.1 mm) was used for measuring total length and length of the forearm.
The position of the testes (abdominal or scrotal) was used to assess the reproductive
condition of adult males. Females were classified as pregnant, lactating or without
reproductive signs according to external factors, such as the presence of a palpable
foetus or swollen nipples with traces of milk (Racey 1988).

Males roosting permanently inside solution caves were considered dominant
and were the focus of our observations. Each dominant male was observed once a
month during the 2-yr study. Observation sessions started at 07:00 h and finished
at 15:00 h, with 1h of resting between 2 h of continuous watching. Time allocated
to the observation of each dominant male was 6h mo~'. Binoculars, headlamps
and a stopwatch were used to observe and to quantify the behaviour of dominant
males. To avoid disturbing the natural behaviour of bats, light was diffused and
never aimed directly at the groups.

We tallied the number of visits made by identifiable individuals to solution
cavities. A visit was defined as a bat arriving at the group from another roosting
site, and remaining there for less than 20 min. The forearm bands allowed us to
determine the sex and age categories of each visitor. We evaluated the relationship
between number of visits made by adult males and harem group size to test whether
there was an effect of group size on the visitation rate.

Defensive behaviour performed by dominant males in response to the presence
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of a visitor was quantified using a classification of three possible responses. An
‘ignore’ response was recorded when the dominant male remained motionless when
the visitor arrived at the solution cavity. An ‘approach’ response occurred when
the dominant male moved from his patrolling site, at the border of the solution
cavity, towards the intruder but displayed no apparent aggressive behaviour.
Finally, an ‘agonistic’ response occurred when the dominant male approached the
visiting individual and performed aggressive displays, such as vocalizations, wing
flicks, and direct chasing (Williams 1986). In addition, we recorded the number of
copulation postures exhibited by dominant males, and this was used to quantify
their reproductive activity. A copulation posture occurred when a dominant male
approached and mated with a female during an observational period.

We compared the defensive behaviour displayed by dominant males during
the breeding and non-breeding seasons. The breeding season extended from Mar.
to Aug. More than 80% of the adult females showed signs of reproductive activity
during these months. As previously reported for the same species in Panama
(Fleming 1971), most female fruit-eating bats carried newborns and exhibited post-
partum oestrus during this period. From Sep. to Feb. (non-breeding season), most
females showed no apparent reproductive characteristics and were not receptive.
Because of the changes in the receptivity of females, we expected differences in the
defensive behaviour of dominant males between the breeding and non-breeding
seasons, since females are more attractive to non-resident adult males in the breed-
ing season than at other times.

We used a log-linear model (Sokal & Rohlf 1981) to analyse statistically the
frequency distribution of visits according to three classification criteria: sex and
age of the visitor (juvenile, adult male or adult female); season (breeding or non-
breeding), and response of the dominant male (ignore, approach or agonistic
behaviour). We tallied each visit documented during the 24-mo study by assigning
each observation to one of 18 cells in a three-dimensional table formed by the
combinations of three rows (sex and age categories), two columns (season cate-
gory), and three tiers (types of response). The model was

Ingijk =p+ o+ B+ pe + afy + ayic + 4By

where fijk represents the expected frequency of visits for the cell corresponding to
row i, column j and tier k; u is the mean of the log values of the expected frequencies;
o, f and y represent the effects of sex, season and response, and «f3, ay, fy and «ffy
represent the pairwise and three-way interactions of variables.

A stepwise procedure was used to determine the log-linear model that had the
best fit to our data on the frequency distribution of visits. Starting with the complete
model, including all possible interactions, we subtracted sequentially the effect of
the interactions between pairs of classification criteria until we found the model that
best fitted the data by yielding a likelihood ratio chi-square value corresponding to
a p > 0.05, but containing the lowest number of terms (Sokal & Rohlf 1981).
Taking advantage of the additive property of log-linear models, we were able to
test the significance of the effect of individual terms of the model by comparing the
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likelihood ratio chi-square values of the equation with and without that particular
term.

Results

The majority of marked bats (68%) roosted on the walls and ceilings of the
caves, forming loose groups of mixed sexes with variable proportions of juveniles
and adults. These bats were considered to be solitary individuals that did not form
structured harem groups. The remaining 32% of individuals clustered in structured
harem groups that roosted inside solution cavities throughout the year. Because of
their composition (several females and one or two males), we considered the groups
inside solution cavities to be harems: groups of females associated with one male
(Ortega & Arita 1999). We were able to capture and mark more than 95% of all
individuals that roosted in these harem groups.

Akil Cave contained eight harem groups, and Murci¢lagos Cave harboured
12 harem groups. Harem size varied from four to 18 females per group
(X + SE =9.72 4+ 0.08 females, n = 24 mo x 20 groups). The four largest groups,
containing more than 14 females, had two adult males. The secondary male was
located at the bottom of the solution cavities and did not display any defensive
behaviour (Ortega & Arita 1999). Smaller groups ranged from six to 13 females
and contained a single adult male.

We observed visits by juveniles, adult males and adult females (Fig. 1). Visitors
typically arrived at the edge of the solution cavity, subsequently climbing with their
thumbs and feet into the bottom of the cavity, and staying inside for 5-10 min per
visit (X + SE = 6.23 + 3.45 min for the 20 groups). The bats did not engage in
boxing matches, but they did perform wing flicks, engage in short chases, and
attempt to bite the visiting males. The intensity of agonistic responses was not
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Fig. 1. Absolute frequencies of visits analysed by sex and age of the visitors during the entire study.
Females made more visits to the harem groups than juveniles and males. Values shown are X + SE
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measured, but chases and attempts to bite were not documented in all cases and
seemed to constitute the most aggressive responses. Agonistic responses were short,
lasting for less than 1 min (X + SE = 0.35 + 0.29 min, n = 12 groups), with very
little year-round variation.

The log-linear model suggested that there was a highly significant interaction
between sex and age of visitor and the response of the dominant males (Table 1).
The majority (88.3%; n = 2316 observed visits) of visits by females were ignored
by dominant males, and in most other cases (10.7%) the male approached the
visiting female but performed no aggressive display (Fig. 2). Only in 1.03% of the
cases did the male display agonistic behaviour towards a visiting female. In
contrast, the majority of visits by adult males (n = 840 observed visits) elicited

Table 1: The fit of the log-linear model log ﬁjk =u+ o+ B + i + afy + ayp + oafyi to

our data on the frequency of visits classified in terms of age/sex of visitor («), season (f3),

and response by the dominant male (y). The hierarchical analysis showed significant effects
of the three pairwise interactions

Likelihood ratio %? d.f. Probability
Actual data versus model 5.81 4 0.213
Sex by season 6.42 2 < 0.05
Sex by response 1129.07 4 < 0.0
Season by response 137.29 2 < 0.0
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Fig.2: Absolute frequencies of responses by dominant males. Adult females (F) were ignored more
often and assaulted less often than adult males (M), with responses to juveniles (J) being intermediate.

The frequency of the approach response was similar for females, males and juveniles. Values shown are
X + SE
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approaches or aggressive responses by dominant males. Only in 34.9% of cases
did the dominant male ignore the visiting male; in 40.4% of cases the dominant
males approached the visiting bat, and in 24.7% of cases they displayed aggressive
behaviour towards the visitor. A typical aggressive response to a visit by a visiting
adult male consisted of a sequence of short and rapid vocalizations, wing flicks,
and direct aggression such as chasing or attempts to bite the opponent (Williams
1986). In response to visits by juveniles, dominant males approached the intruder
or attacked in 40.8% of cases, ignoring the visit in 59.2% of cases (n = 1069
observed visits).

A significant interaction between season (reproductive and non-reproductive)
and response by dominant males was demonstrated by the log-linear model. During
the non-breeding season only 3.79% (n = 2649 observed visits) of all visits elicited
an aggressive response by the dominant male, whereas 9.23% (n = 1576 observed
visits) of such visits were responded to by dominant males with an agonistic display
when most adult females were reproductively receptive. In contrast, in the non-
breeding season, 82.6% of all visits triggered no response by the dominant male,
while this percentage during the breeding season was 65.5%.

The number of visits made by adult males varied according to the number of
females belonging to the focal harem group (quadratic model, y = -5.60 + 4.31x—
0.17x%, r* = 0.63, n = 20, p < 0.05; Fig. 3). Groups that ranged from four to 10
females received fewer visits than the other groups (X + SE = 15.68 + 0.48,n = 12
groups). Groups with 10-13 females received most visits (X + SE = 23.75 + 0.66,
n = 4 groups), while the largest groups (> 14 females) received comparatively few
visits (X + SE = 17.45 + 0.77, n = 4 groups).

Aggressive responses were seen in all 20 dominant males included in the study.
There was a positive correlation between the number of agonistic responses by a
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Fig. 3: Mean frequencies of visits by adult males to harem groups of different sizes (quadratic model:
y = -5.60 + 4.3080x—0.17x?, 1> = 0.628, p < 0.05). Medium-sized harem groups were more frequently
visited than small or large harem groups
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given male and the number of births recorded for its group (Pearson’s correlation
coefficient: r = 0.74, n = 20, p < 0.001). The percentage of dominant males that
were observed copulating in a given month was correlated with the number of
births documented in the corresponding group (r = 0.86, n = 24 mo, p < 0.001).

Discussion

Dominant males actively defended females. The stereotyped agonistic display
performed by dominant males was similar to that described for male short-tailed
bats (Carollia perspicillata; Porter 1978) and greater spear-nosed bats (Phyllostomus
hastatus; McCracken & Bradbury 1981). Before attacking a visiting male, short-
tailed bats typically produce aggressive vocalizations, display wing flicks, and
adopt a ‘boxing position” accompanied by swipes with the forearms and closed
wings (Porter 1978). In contrast, male spear-nosed bats normally attack an intruder
without a previous display (McCracken & Bradbury 1981).

Dominant males largely ignored visits by adult females. Interactions between
males and females belonging to the same group have been reported as infrequent,
under natural conditions, for short-tailed bats (Williams 1986) and greater spear-
nosed bats (McCracken & Bradbury 1981). In both species, dominant males do
not try to prevent females from temporarily moving from one group to another.
Moreover, male short-tailed bats normally do not show distinct reactions to
attempts by visitor females to move into the roosting sites occupied by the male’s
group (Williams 1986). In captivity, male short-tailed bats actively recruit females
into their territories (Porter 1979). In our study, 88.3% of visits by females were
completely ignored, 10.7% elicited an approach by the dominant males, and only
1% ended with an aggressive display by dominant males.

Only 34.9% of visits by males were ignored. In 40.4% of cases, the dominant
male approached and inspected the visitor, and 24.7% of visits triggered aggressive
responses. Clearly, our results are consistent with those reported in field studies
for other polygynous bat species, where males show a high degree of roost fidelity
and perform agonistic behaviour aimed at visiting males, which constitute potential
competitors for females (e.g. Myotis adversus, Dwyer 1970; Saccopteryx bilineata,
S. leptura, and Balantiopteryx plicata, Bradbury & Emmons 1974; Bradbury &
Vehrencamp 1977; C. perspicillata, Porter 1978; Williams 1986; Pipistrellus nanus,
O’Shea 1980; Desmodus rotundus, Park 1991).

Dominant males displayed aggressive behaviour more frequently during the
breeding season. A similar pattern has been documented for other bat species
(Wilkinson 1987). Male short-tailed bats display more agonistic activities during
the two birth peaks (which coincide with a post-partum oestrus condition in
females) than during the non-breeding season. Similarly, male spear-nosed bats
vigorously defend their groups of females during the breeding season. In both
cases, however, genetic paternity analysis has shown that the defence behaviour of
males is not totally effective, as about 15% of young born to harem females have
genotypes that are incompatible with that of the putative father (McCracken &
Bradbury 1977; Porter & McCracken 1983).
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Observations under natural conditions of colonies of common vampire bats
(Desmodus rotundus) have shown that high-ranking males achieve a higher rate of
copulation than satellite males (Wilkinson 1985). In our system, male Jamaican
fruit-eating bats increase their aggressiveness during the breeding season, even
though the absolute number of visits to harem groups decreases during the breeding
season (Ortega & Arita 1999). In harem groups defended by a single male, control
over access to females is possible. However, in larger groups containing several
females and two males (a dominant and a subordinate), some sharing of mates is
possible, although we did not observe this. Genetic paternity analysis would be
necessary to document the effectiveness of the behavioural defence by dominant
males, as well as to evaluate the genetic contribution of subordinate males.

The frequency of visits varied according to the size of harem groups. Because
of their high concentration of receptive females, we expected to document more
visits to the largest groups, especially by males from outside the groups. However,
we observed a different pattern in which medium-sized groups (10-13 females)
received the most visits, while small (four to 10 females) and large groups (more
than 14 females) received visits with approximately the same frequency. The low
visitation rate by foreign males to small groups can be explained by the low
concentration of females in these harems. The case of the largest harems is more
complex. In these groups, in addition to the guarding male that is present in harems
of all sizes (the ‘dominant male’, Ortega & Arita 1999), an additional male (the
‘secondary male’, Ortega & Arita 1999) roosts in close contact with females. In
most polygynous bat species, a single adult male guards the groups of females
(McCracken & Bradbury 1981; Williams 1986). The only exceptions are Jamaican
fruit-eating bats (Ortega & Arita 1999) and greater spear-nosed bats (Kunz et al.
1998). In the case of the greater spear-nosed bat, membership of a harem group
allows a subordinate male to become familiar with the females and subsequently
assume the dominant position (Kunz et al. 1998). The fact that in our study the
largest groups, which include two adult males, were visited relatively infrequently
suggests a possible role of subordinate males in controlling the access of visitors to
harem females. Coalitions or cooperative relationships between two or more males
are widespread in some mammal groups, such as primates and carnivores (Bygott
et al. 1979; Caro & Collins 1987; Noe & Sluijter 1990; Bulger 1993; Herrera &
Macdonald 1993; Waser et al. 1994), but are unreported for bats. A more detailed
examination of the potential advantages that dominant and subordinate males
gain by maintaining large groups of females might show this kind of relationship
for Jamaican fruit-eating bats.

The groups of females inside solution cavities formed the typical harem
arrangement reported for Jamaican fruit-eating bats at other roosting sites. Similar
groups have been described for A. jamaicensis in caves (Kunz 1982; Kunz et al.
1983), hollow trees (Morrison 1979), and so-called ‘tents’, which are roosts built
by some species of bats by cutting parts of the leaves of certain tropical plants
(Kunz et al. 1994; Kunz & McCracken 1995; Storz et al. 2000a). These harem
groups showed very little variation in their composition through time and can be
considered as the basis for the social structure of fruit-eating bats in our caves
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(Ortega & Arita 1999). The cohesiveness of harems contrasted with the instability
of the loose groups formed by juveniles and other solitary bats roosting outside
solution cavities (Ortega & Arita 1999). These individuals never formed long-term
groups, and showed very little fidelity to their roosting sites, moving frequently
from one place to another inside the cave (Ortega & Arita 1999).

Our caves harboured eight (Akil Cave) and 12 (Murciélagos Cave) harems,
with group size varying from four to 18 adult females. The number and size of
harem groups in fruit-eating bats are determined by the type of roosting site
(Morrison & Handley 1991). Ephemeral sites, such as foliage or tents built by bats,
provide secure space only for single groups consisting of a single male and two or
three adult females (Morrison 1979; Kunz & McCracken 1995). Tree hollows and
some small caves can also accommodate only one harem group, but these groups
can include up to 14 adult females (Morrison 1979; Arita & Vargas 1995). Large
limestone caves provide numerous permanent and predictable roosting sites for
several groups of varying size (Kunz et al. 1983).

Adult males showed high roost fidelity, spending most of the daytime inside
or around their roosting site (Ortega & Arita 1999). In several bat species, dominant
males spend more time within their groups than do females or juveniles (Porter
1979; Morrison & Morrison 1981; Williams 1986; Morrison & Handley 1991;
Balasingh et al. 1995; Kunz et al. 1998). Dominant males need to stay close to their
roosting sites for longer periods because they have to guard the harems from
potential competitors. Being free from that limitation, females of different bat
species with polygynous mating systems temporarily change their roosting position
several times a day and, in some cases, abandon their groups permanently (e.g. the
white lined bat Saccopteryx bilineata, Bradbury & Emmons 1974; the short-tailed
fruit bat Carollia perspicillata, Fleming 1988; the pallid bat Antrozous pallidus,
Lewis 1996; the fishing bat Noctilio leporinus, Brooke 1997; the short-nosed fruit
bat Cynopterus sphinx, Storz et al. 2000a). In the Jamaican fruit-eating bats in our
caves, females showed more mobility than dominant males, making the majority
of the visits to other solution cavities, and in some cases making permanent moves
from one group to another (Ortega & Arita 1999).

In polygynous mating systems in which the limiting resource is a territory (e.g.
tree holes or leaf tents built by the bats), male bats normally move frequently around
the roosting place to prevent invasions by other males, and perform short foraging
flights (Morrison 1978, 1980; Morrison & Morrison 1981; Brooke 1987; McWilliam
1990; Morrison & Handley 1991; Kunz & McCracken 1995; Kunz et al. 1998; Storz
et al. 2000b). In our system, roosting sites (solution cavities on the ceiling of the caves)
are not a limited resource (Ortega & Arita 1999) and males do not perform patrolling
activities around the holes. Furthermore, agonistic displays by dominant males are
directed in most cases at other males, with few displays directed at juveniles, and very
few aimed at females. These observations support the hypothesis that the mating
system of Jamaican fruit-eating bats in the Yucatan caves is a case of female-defence
polygyny (Ortega & Arita 1999), but male activities are probably related to dispersion
of resources and females. These factors could be studied with the help of removal
experiments to assess the relative importance of each (Ostfeld 1987).
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