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In Tribolium castaneum (CS) and T. confusum (CF), intra- and interspeci®c rates of homosexual
mounting have been measured. The intraspeci®c results are compatible with the hypothesis of both
species being sexually indiscriminate. However, the CF intraspeci®c rates were very high (35%±53%
of mountings were homosexual), suggesting a lower sexual attractiveness, or a stronger rejection to
being mounted, of CF females relative to conspeci®c males. CS males discriminate between species
but, in interspeci®c contacts, preferentially mounted CF males rather than CF females. CF males do
not discriminate between species, but the loss of sexual attractiveness of CF females, or their rejection
to being mounted, may act as a precopulatory isolation mechanism.
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Introduction

In Tribolium castaneum (CS) and T. confusum (CF), high
rates of homosexual mounting have often been reported
(see Serrano et al., 1991 for a review). These have been
routinely ascribed to `mistakes', male aggressiveness,
female scarcity or crowded laboratory conditions. How-
ever, the relative importance of these factors generally
has been assumed rather than directly investigated.
Thornhill & Alcock (1983) have proposed an evolution-
ary interpretation of insect homosexual mounting
behaviour. Assuming that the male's main cost of
reproduction is the time consumed in discerning the sex
of potential mates, increasing the number of mountings
per unit of time, at the risk of making some mistakes,
may be more advantageous than carefully choosing a
partner of the right sex. This implies that the genetic
correlation between the rate of homosexual mounting
and mating activity must be positive. In laboratory CS
populations, a clear direct response to arti®cial divergent
selection for the rate of homosexual mounting was
obtained by Castro et al. (1994), indicating the existence
of genetic variability for this trait. However, the results
did not support Thornhill & Alcock's hypothesis, as the
correlated response for male mating activity was statis-
tically indistinguishable from zero.

Serrano et al. (1991) found agreement between the
observed rate of homosexual mounting in CS and the
one expected by assuming random pair contacts between
potential mates, when both sexes equally oppose being
mounted. This result has been shown to apply in a
variety of experimental situations, indicating that CS
males behaved in a totally indiscriminate manner with
respect to sex. Intraspeci®c sexual indiscrimination is
more likely to occur in those insect species (such as CS
and CF) showing a high frequency of homosexual
mountings, together with much reduced sensorial per-
ception and lacking both courtship behaviour and
obvious external sex di�erences. Olfaction appears as
practically the only means of establishing a relationship
among individuals. However, this is attained through a
male-secreted pheromone, strongly attractive to both
sexes (Faustini et al., 1981; Levinson & Mori, 19831 ).
Thus, it seemed of interest to enquire if the indiscrim-
inate mounting behaviour of CS was shared by other
species of the same genus, such as CF.

The extent to which intraspeci®c sexual indiscrimin-
ation may also imply a certain degree of interspeci®c
indiscrimination has not been investigated. However,
the latter could prevent the acquisition of precopulatory
reproductive isolation mechanisms between species.
Within the genus Tribolium, only postcopulatory pre-
zygotic mechanisms have been reported between those
closely related species where viable but sterile hybrids*Correspondence. E-mail: toro@inia.es
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can be obtained (CS and T. freemani: Robinson et al.,
1994; Wade et al., 1994). Although they show morpho-
logical resemblance, CS and CF are phylogenetically
quite distant (Juan et al., 1993; Ugarkovic et al., 1996)
and CS ´ CF crosses do not produce viable o�spring.
Both species can often be found in the same localities
but, in laboratory conditions de®ned by varying tem-
perature and relative humidity, one of them always
displaces the other, with high values of these variables
favouring CS and low values favouring CF (see Sokolo�,
1974 for a review). In spite of the wide use of CS and CF
in competition experiments, only marginal data on
interspeci®c CS ´ CF mating behaviour have been
reported (Taylor & Sokolo�, 1971; Vardell & Brower,
1976; Graur & Wool, 1985). Thus, we have also checked
if the lack of intraspeci®c sexual discrimination can be
extended to the interspeci®c level.

Materials and methods

Strains and culture conditions

Two laboratory populations were used: Consejo (CS)
and Ramiro (CF). They were both captured near
Madrid and have been maintained in cages in our
laboratory since 1964 and 1975, respectively, with no
arti®cial selection and minimal inbreeding.
All beetles in this experiment were kept in the same

dark incubator at 70% relative humidity and 33°C. The
culture medium consisted of 95% whole wheat ¯our and
5% dried brewer's yeast by weight, powdered. Pupae
were sexed by examination of the genital lobes. Male
pupae were always kept individually and female pupae
stored at low densities, until tested (12±19 days after
adult emergence). Handling was performed at room
temperature under constant arti®cial illumination.

Estimation of rates of homosexual mounting

Mating cannot be seen within the culture medium
because beetles show a strong photonegative reaction.

In this situation, our observations were made as follows.
Males were placed in a glass vial (3 cm diameter, 3.5 cm
height) with a ®lter paper ¯oor, together with virgin
females, in the numbers speci®ed in Tables 1 and 2.
A white, yellow or blue spot of paint on the thorax
randomly identi®ed males and females. For each male,
the numbers of homosexual and heterosexual mount-
ings were recorded for a period of 30 min on each of
four consecutive days, the females being substituted by
new ones each day. Only those mountings (homo- and
heterosexual) in which the mounting male showed
symptoms of being sexually aroused (extension of
aedagus) were recorded as such. However, heterosexual
mountings were not distinguished from intromissions.
The rate of homosexual mounting can be calculated
for each male as the ratio between the number of
homosexual mountings and the total number of mount-
ings recorded (homo- and heterosexual). For each
situation, the number of vials observed simultaneously
is also indicated in Tables 1 and 2. Our observations
indicate that the behaviour of males and females, when
being mounted, does not show obvious di�erences.
Active rejection (e.g. aggressive) was not involved,
but a passive rejection (noncooperative) was usually
observed.

Model

The following model, proposed by Serrano et al. (1991),
provides the framework within which our data can be
discussed. It takes into account not only the behaviour
of the mounting male but also possible di�erential
reactions of the individuals which are being mounted.
Consider m males and f� km females within an

enclosure, k being the sex ratio among scored individ-
uals. Assume that contacts take place between only two
individuals at a time and that they occur at random with
respect to sex. Thus, the number of possible contacts will
be m

2

�
between males and mf between a male and a

female. These contacts will result in mounting with
probabilities x and y, respectively. As females do not

Table 1 Intraspeci®c mountings in Tribolium castaneum (CS) and T. confusum
(CF): number of males and females tested together in a vial, total number of
mountings observed and rate of homosexual mounting (Pm)

No. males No. females

No. of vials CS CF CS CF No. mountings Pm

50 0 2 0 2 291 0.53 � 0.03
30 0 2 0 4 198 0.35 � 0.03
20 2 0 2 0 456 0.32 � 0.02
20* 2 0 4 0 582 0.22 � 0.02

*Data from Serrano et al. (1991).
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mount, the probability of homosexual mountings given
that a mounting takes place (2 Pm) can be expressed as

Pm � m
2

� �
x
�

mfy � m
2

� �
x
�
� 1=�1� 2akm=�m 1��;

�
where a stands for the probability ratio y/x. Therefore,
Pm will vary depending both on the experimental
conditions under which observations have been made
(speci®ed by the values of m and k) and on the particular
properties of the population being tested (de®ned by the
value of the ratio a). Once the experimental conditions
have been de®ned, Pm can be estimated from the data
and the corresponding a can be calculated from the
above expression. Ideally, in a contact between males
both can mount and be mounted, but in a heterosexual
contact only the male can mount. Therefore, with total
indiscrimination with respect to sex, a� 0.5 if both
sexes oppose being mounted equally (x� 2y). How-
ever, males may resist being mounted more e�ectively
than females (x < 2y, a > 0.5), or vice versa (x > 2y,
a < 0.5). Thus, di�erent rates of homosexual mounting
may occur, re¯ecting the balance attained between the
male's persistence in mounting and the di�erential
resistance o�ered by males and females to being moun-
ted. This balance can be experimentally altered and,
in CS, the rate of homosexual mounting increased
dramatically when highly inbred males were tested
together with noninbred females (Serrano et al., 1991).
This result can be ascribed to inbreeding, that lowers both
male sexual vigour and the resistance to be mounted of
males relative to that of vigorous noninbred females.

Results and discussion

Intraspeci®c mounting

The average rate of intraspeci®c homosexual mounting,
together with the total number of mountings recorded
during the four observation periods, are shown in
Table 1 for each species and experimental situation
studied. CS (m� k� 2) data from Serrano et al. (1991)
were also included for comparison. In CS, the observed
rates of homosexual mounting did not signi®cantly
di�er from previous estimates, both in the Consejo
population (Serrano et al., 1991; Castro et al., 1994) and
in a recently collected population (Medina, after three
generations in the laboratory; Castro, 1988). In CF,
however, these rates were much higher than those
obtained for CS in the same experimental conditions.
In both species, the rate of homosexual mounting was
inversely related to the number of females tested,
because the probability of a male±female contact
increases with that number. The average number ofT
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mountings (homo- and heterosexual) performed by a
male in 30 min was 2.85 in CS and 0.73 in CF, the
former value being similar to that of 3.1 given by Castro
et al. (1994).
Within species, no signi®cant di�erences were found

between the values of the probability ratio a calculated
in the two experimental situations considered. In CS, a
values not signi®cantly di�erent from 0.5 were obtained,
in agreement with the hypothesis of the complete lack of
sexual discrimination, and both sexes opposing being
mounted equally. In CF, however, a much smaller a
value of 0.22 was computed. Assuming a lack of sexual
discrimination, this a value can be ascribed to a higher
resistance of CF females to being mounted, relative to
that of CF males. However, our observations indicate
that CF males seldom attempted to mount CF females
but, when they did, no female active rejection was
perceived. Thus, some mechanism of passive rejection
based on a loss of sexual attractiveness of CF females
could also be implied.
Summarizing, the results are compatible with the

hypothesis of both species being sexually indiscriminate.
However, in the case of CF, a lower sexual attractive-
ness of females relative to males may also be involved,
resulting in a higher rate of homosexual mounting in
this species.

Inter- and intraspeci®c mounting

The extent to which intraspeci®c mounting results apply
at the interspeci®c level can also, in principle, be
empirically studied by testing together males and
females of both species considered. In four di�erent
situations (de®ned by the number and species of the
males and females tested together in the same vial), the
numbers of mountings observed for all possible combi-
nations (homo- and heterosexual) are given in Table 2,
together with the corresponding rates of homosexual
mounting, both intraspeci®c or total (intra- and inter-
speci®c).
From the intraspeci®c data, one could predict that the

relative frequencies of di�erent mating pairs will be
markedly a�ected by two factors: (1) the higher sexual
activity of CS males relative to CF males, and (2) the
lower sexual attractiveness, or the stronger rejection to
being mounted, of CF females relative to CF males. The
interspeci®c data clearly con®rmed the in¯uence of both
factors: (1) the number of mountings (homo- and
heterosexual) performed by CS males was 3±6 times
higher than that of CF males, and (2) the number of CF
males mounted was always higher than that of CF
females, irrespective of the mounting male species.
The behaviour of CS and CF males was clearly

di�erent. CS males preferentially mounted conspeci®c

individuals (females or males) in a proportion ranging
between 71% and 98% of all recorded mountings.
Thus, when intraspeci®c homosexual and heterosexual
mountings were both feasible (Table 2, row 1), the CS
rate of homosexual mounting was similar to that
observed at the intraspeci®c level in comparable experi-
mental conditions (Pm� 0.25; m� 2, k� 1). Of course,
that rate was much higher (Pm� 0.90) when hetero-
sexual intraspeci®c mountings could not be performed
(Table 2, row 4), or much lower (Pm� 0.09) when all
homosexual mountings must be interspeci®c (Table 2,
row 3). On the other hand, among CF males, inter-
speci®c heterosexual mountings were more frequent
than intraspeci®c ones (Table 2, row 2). Therefore,
when CS females were available, the CF total rate of
homosexual mounting was lower than that observed at
the intraspeci®c level in analogous experimental condi-
tions. Summarizing, CS males discriminate between
species but, in interspeci®c contacts, preferentially
mount CF males. On the contrary, CF males do not
discriminate between species.
Both the observed high rates of homosexual mounting

in CS and CF (intra- and interspeci®c) and the di�erent
degrees of interspeci®c discrimination shown by the
males of both species, require an evolutionary explan-
ation. Prior to this, some background information on
the biology of Tribolium must be given (see Sokolo�,
1974 for a comprehensive review). Both species are
rather long-lived, with a mean life expectation of about
a year. Mounting (homo- and heterosexual) occurs
frequently and is often accompanied by injurious e�ects
to both sexes (Spratt, 1980). Lloyd & Park (1962)
concluded that CF males are more injurious to their
own females than they are to each other, and about
equally (but less) injurious to CS males and females.
They also found a smaller CS e�ect, only detected in
males. On the other hand, male reproductive success
marginally increases with the number of mountings
performed per unit of time, as CS and CF show sperm
precedence (Lewis & Austad, 1990; Robinson et al.,
1994). In this situation, it may be evolutionarily advan-
tageous for the females of both species to be equally or
less sexually attractive than males. This will reduce
injuries caused by excessive mounting without practi-
cally a�ecting reproductive potential, as the sperm from
a single ejaculation will be enough to fertilize the eggs
laid by a female for several weeks (Sokolo�, 1974). On
the other hand, CS males are much more sexually active
than CF males and therefore reproductive isolation
mechanisms between these species will mostly a�ect CF
females, as CF males would rarely mount CS females.
Thus, the rejection of CF females to being mounted, or
their loss of sexual attractiveness, may have been
selected as a precopulatory isolation mechanism.
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