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Abstract

In the past 20 years, there has been explosion of
interest in the use of bruchids, almost exclusively
Callosobruchus maculatus, to examine a number
of important elements of life history evolution.   The
ideas resulting from these studies have informed areas
of evolutionary ecology, behavioural ecology, and
related disciplines. We now have a wealth of
knowledge about detailed aspects of mate choice, of
interactions with hosts, of oviposition behaviour and
so on, but these are usually isolated from
consideration of the pest status of the insects. Is there
now an unbridgeable scientific rift between
information gained from a laboratory animal
comparable with the “white rat” or Drosophila in
an incubator, and information from field and applied
studies intended to contribute to the resolution of
infestation problems in stored food? Can those
involved in stored-product protection learn much
of value from many studies of C. maculatus in
laboratories?

Key words: Behavioural ecology; Life-history
evolution; Oviposition; Mating behaviour; Pest
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Introduction

The first reasonably comprehensive account

of the biology and pest status of the cowpea seed
beetle, Callosobruchus maculatus (F.), was
written by Paddock and Reinhard (1919) who
summarised information available to that date.
Thereafter work on the insect concentrated on
those aspects of its biology directly relating to its
pest status. Numerous papers by Howe, Avidov,
Utida, Fujii, Applebaum, Labeyrie and latterly by
Huignard reported how environmental factors
affected development, reproduction and ultimately
the growth of pest populations.  A few papers
began the exploration of physiological and
behavioural aspects of host selectivity and
resistance but the 1970s were typified by an
explosion of interest in how some potential host
plants defended themselves and how some
species of bruchid were able to develop in hosts
unusable by others.  Resistant hosts were seen as
having considerable potential for minimising the
damage and loss due to bruchids. Whether the
resistance was chemical - due to defensive
semiochemicals - or physical - due to the character
of the seed testa - was perhaps immaterial. The
possibility of using plant extracts as protectants
accumulated and, as new techniques became
available, biochemical studies of gut enzymes,
notably amylases and proteases, proliferated.

The first studies on pheromones, predominantly
in A. obtectus but then in C. chinensis and finally
in C. maculatus (Rup and Sharma, 1978)
explored how the sexes found each other in  a
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store of seeds and how they might identify the
presence of conspecific eggs. Two key papers
appeared in 1975 (Mitchell, 1975; Nwanze et al.,
1975). Both asked essentially how female C.
maculatus choose where to lay and what are the
consequences of those decisions. These questions
which still have no simple answers began a whole
field of laboratory investigation in behavioural or
evolutionary ecology which has an essentially
academic basis.

The last 20 years have seen the growth of
laboratory studies of C. maculatus without
immediate reference to its pest status. To give
some perspective there were about 120 papers
on C. maculatus prior to 1986 and about 650
since then, excluding the great many which simply
compare data on other species with those on C.
maculatus. Obviously many of these papers
continue the themes of assessing the impact of
plant extracts as protectants, of describing
potential natural enemies and of measuring levels
of infestation, but a large and increasing
proportion look at aspects of the biology of the
species which have no overt application to pest
control. Many of these papers deal with topics
such as oviposition which might be assumed to
contribute to our understanding of how the species
might be controlled whilst others go further and
look at the genetic architecture of the species and
the inheritance of fecundity or oviposition
behaviour. It was appreciated that here was an
insect which could be kept easily in the laboratory
in conditions which resembled its normal ecology
in the field. It is important to appreciate, however,
that there are two morphs of C. maculatus of
which the “active” or “flight” form resembles many
wild, non-pest species of bruchid and the
“normal” form which is found in stores. The former
has delayed sexual maturity and lays fewer eggs
whilst the latter, on which almost all laboratory
work has been conducted, mates and lays eggs
within minutes or hours of adult emergence and is
much more fecund (Utida, 1981).

The rest of this paper asks if these studies have
materially contributed to our understanding of C.
maculatus as a pest. This paper is far from
comprehensive but I have selected a number of

topics which have been subject to intensive
laboratory investigation and attempt to illustrate
where the work provides a potentially valuable
insight for pest control or might be regarded as
strictly “academic”, although this is a dangerous
division and I readily acknowledge that academic
understanding sometimes proves invaluable in
rather unexpected ways. I am well aware that a
number of topics such as detailed behavioural
analysis, pheromone biology, basic physiology and
morphological studies, are excluded. Unless
specified, all the statements and references refer
to C. maculatus; some also apply to other
species but I have not assumed that work on other
species also applies to C. maculatus.

Fecundity

Many factors affect the number of eggs laid
by females. Some studies have revealed that
populations from different areas vary in their
fecundity on the same number, species and
cultivar of host seeds (e.g. Appleby and Credland,
2003) although others found minimal differences
(Boeke et al., 2004). There are certainly major
genetic differences among populations even in the
same environment (Bieri and Kawecki, 2003).
The number of seeds available to each female also
affects their fecundity but the simplistic experiment
of providing each female with separate groups of
seeds conceals a more complex phenomenon. If
several females (3) have access to 60 Californian
cowpea seeds, there is a marked reduction in the
total number of eggs laid compared with the
number expected if each beetle had been provided
with 20 (Credland, unpublished) (Figure1).
Whether the reduction is due to interaction with
the other females, or their eggs, or both, is
currently being investigated.  As experiments
conducted using isolated females produce
different data from those using groups of females
but with the same total host availability it makes
it difficult to extrapolate from many laboratory
measurements of fecundity to field situations and
predictions of population increase. Laboratory
experiments using excessive numbers of females
on few seeds are also unrealistic. Bellows (1982),
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for example, used up to 120 pairs of beetles in a
4cm dish with 14-16 seeds.

Female size, which is usually determined by
the number of larval competitors in the seed is
also positively correlated with fecundity (Credland
et al., 1986). Seed size and nutrient availability
also play a part in determining the outcome of
competition (Guedes at al., 2003) and female size
(Nwanze and Horber, 1975).

Multiple mating

Both males and females mate frequently. Fox
(1993a) showed that females confined with males
laid the same number of eggs as those mated only
once, but females mated intermittently but not
confined with males laid more. There is still no
really convincing explanation for this observation.
It might, however imply that fecundity will be
higher in the early stages of infestation when
encounters with males will be less frequent.
Wilson et al. (1999) showed that a second mating
increased egg laying over a single mating but a

third mating had no further effect. Eady et al.
(2000) showed that females mating with multiple
males laid more eggs than females mated more
than once with the same one. However pre-adult
survival was greater if females mated repeatedly
with a single male. Savalli and Fox (1999a)
concluded from their experiments that females
remate primarily to acquire nutrients from the
seminal fluid, a conclusion supported by Arnqvist
and Nilsson (2000) who argued that polyandry
enhanced female fitness as the nutrients derived
from mating are crucial in species such as C.
maculatus which do not normally feed as adults
and may therefore be nutritionally challenged.
This is despite the physical damage which mating
may cause to females (Crudgington and Siva-
Jothy, 2000). Theory dictates that males should
mate frequently (Thornhill and Alcock, 1983).
Ofuya (1995) showed that male C. maculatus
were capable of mating more than 25 (up to 73)
times but that virgin females mated with older
males, which had previously mated with many
females, laid fewer eggs.

Figure 1. Number of eggs laid by 3 females on 60 cowpeas compared with the number they would have
been expected to lay if each of the three had been supplied with 20 similar seeds (based on their emergence
weight). (Paired t-test; t= 6.748, n=30, P<0.0001.)
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What determines the rate of development?

El-Sawaf (1956) and Howe and Currie (1964)
determined the effects of abiotic factors on rates
of development. On the basis of their observations
the optimum conditions are 30 °C and 70 % r.h.
but it might be expected that these would vary
with different populations. The host in which
development occurs affects the rate of
development (e.g. Chandrakantha and Mathavan,
1986; Boeke et al., 2004) and there are numerous
accounts of failed or exceptionally slow
development in seeds of resistant cowpeas or
other species (e.g. Dick and Credland 1986a).
Heavy infestation of seeds leads to a rise in
temperature and this will result in a change, usually
an increase, in the rate of development.

Polymorphism

Caswell (1960) was the first to comment on
an “abnormal” form of C. maculatus, now
recognized as the flight or active form, and
subsequent laboratory studies have shown that
its production is usually associated with high
temperatures and water content in the seeds
during larval development (Sano, 1967; Sano-
Fujii, 1984). The deductions from laboratory
experiments have been substantiated by field
observations (Ouedraogo et al., 1991). The
production of active forms has a genetic as well
as an environmental basis (Sano-Fujii, 1986,
Messina, 1987) and although laboratory
populations may lose the capacity to produce
active forms, this will not be relevant in the field
situation. The importance of the active form in
dispersal from stores to field and the subsequent
termination of their reproductive diapause
(Zannou et al., 2003) suggest that it may form a
weak link in the annual cycle of infestation.

Choice of oviposition sites

Seed species - Eggs are laid on almost any
seeds and in no-choice situations there is little or
no difference between species or cultivars (e.g.
Boeke et al., 2004).  There is evidence that

populations will change host preferences, given a
choice, based upon experience (Chiu and
Messina, 1994). Furthermore there is no evidence
that oviposition site selection is strictly associated
with suitability for development (Fox, 1993b).

Previous oviposition - Mitchell (1975)
showed that, all other things being equal, female
beetles will select the largest seeds with the fewest
eggs on which to lay their eggs. This idea has
developed through the work of Wilson (1988) and
more recently Horng (1997) who have elaborated
progressively more sophisticated models to
explain why and how females choose one seed
over another. The broad conclusion remains valid
but there is evidence that some populations of C.
maculatus are more discriminating than others.
The South India population lays eggs more
uniformly among seeds than other populations and
this is associated with its more competitive larvae
(Messina, 1991).

Because several larvae of most populations
can complete development in a single seed of
appropriate size there has been interest in whether
females can identify their own eggs from those
laid by other females. Ofuya and Agele (1989)
concluded that females could differentiate but
Messina and Tinney (1991) came to the opposite
conclusion.

Choice of mates

Do males choose? - In laboratory
experiments male C. maculatus mate with the
larger of two females although previously mated
females which have ceased producing the
attractant pheromone do not attract males for
some hours before remating.  Experiments which
we have undertaken demand that size is controlled
extremely carefully before any other factor except
mating status becomes important (Credland,
unpublished observations).

Do females choose? - Broadly speaking
experiments that we have undertaken provide
minimal evidence that females choose their mates
although they repel all males by kicking in the
refractory period shortly after a previous mating.
Large males may also prevent smaller ones from
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accessing females so there is some tendency for
larger males to be more likely mates but this is
not a direct consequence of female choice (Savalli
and Fox, 1999b). Although not a consequence
of “choice”, multiply mated females
predominantly use sperm inseminated by the last
male to mate (Eady et al., 2004), so male
dominance rather than female choice may be
perceived as a key element in egg paternity.

Genetic information

Because of the relative ease with which one
can measure life-history parameters such as
realized fecundity, larval survival,  rate of
development or longevity, C. maculatus has been
used in numerous studies aimed at looking for
trade-offs, for example between longevity and
fecundity (Messina and Slade, 1999; Huang et
al., 2005). They found no simple trade-offs within
environments because of the multiple facets of
reproduction, including host availability and host
selection. The inheritance of traits such as
longevity (Fox et al., 2004a) and host selection
(Fox et al., 2004b) or preference (Kawecki and
Mery, 2003) have also been examined in depth.
Messina (2004) showed, for example, that host
switches produced predictable changes in larval
competitiveness and body size. As he said in his
Abstract “Interfertile populations of the seed
beetle Callosobruchus maculatus differ
genetically in several behavioral, morphological,
and life-history traits, including traits that affect
the intensity of larval competition within seeds”.

Discussion

This very brief and partial overview could
easily lead to the conclusion that there is no or a
minimal interface between studies of C.
maculatus as a pest and the studies undertaken
in laboratories which have not focussed explicitly
on practical problems - does this plant extract
affect oviposition, are they killed by exposure to
high levels of carbon dioxide, how are they
detected by parasitoids, how do they find hosts

on which to oviposit? These issues are so
obviously important that I have not included them
in the preceding sections. We might conclude that
work on topics such as the relationship between
fecundity and longevity is irrelevant to pest control
but we cannot predict the directions that pest
control might take and knowledge of the genetic
architecture of a species may very well become
relevant at some time in the future.  How relevant
are the studies I have included?

Most laboratory measurements of fecundity
contribute little to pest control but emphasise the
importance of standardisation. At the 6th IWCSPP
I emphasised the importance of recognizing
population differences (Credland, 1994) and
standardisation in measuring such parameters.
Fecundity needs to be measured in comparable
ways which, if the data are to be used for models
of field populations or for comparing cultivars of
a host seed, need to take account of interactions
among females and between females and their
eggs. Rates of population increase in a store
depend on many factors but differences in
oviposition rate determined in the laboratory are
unlikely to have major effects. Survival rates of
the immature stages in the seeds are much more
variable and of much greater importance (Dick
and Credland, 1986a).

Mating behaviour and mate choice is a key
aspect of evolution and therefore attracts much
attention. From a practical viewpoint, female
beetles in stores will usually have access to and
attract numerous males, especially after initial
infestation, so one might assume that the norm
will be for multiple mating with different males,
resulting in maximum fecundity. Control by
disruption of mate finding by pheromone dispersal
would probably fail once populations were at a
level where chance encounters between the sexes
could occur. Attraction of males to a pheromone
lure could conceivably have some practical value.
One conclusion that might be drawn is that any
form of autocidal control, utilising sterile males,
is not a practical proposition since remating with
a fertile male would instantly restore fertility.

The rate of development is predominantly
determined by temperature and the host seed and
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can usefully be measured in the laboratory; recent
studies have provided greater precision but no
fundamental improvement to our knowledge in the
past 40 years.

An understanding of polymorphism might be seen
as important since the active form is less fecund than
that typically found in stores so its production be
seen as beneficial. Unfortunately, the enhanced
production of active forms does require greater water
content in the seeds rendering them more liable to
fungal infection and thereby changing one storage
problem for another.

Laboratory studies show that beetles can select
host species but actually they may seldom have the
opportunity in stores. In practical terms, once in a
store, most seeds will be of the same species and
even the same landrace or cultivar, so host choice
plays little part in determining levels of infestation.
Although rough seeds or pods deter oviposition by
females given a choice, they may be unable to
exercise their discriminatory abilities so the physical
nature of the pod or seed testa is unlikely to limit
oviposition. Anyway host preferences change with
experience. In practice, chemical seed components
which inhibit development are of much greater
importance than the physical nature of the testa or
pod. Among a small group of similar seeds,
especially small ones, then females will tend to lay
on the larger seeds first in the laboratory, but in a
large volume of seeds, individual females lay in a
cluster of about 20 cm3 with the highest egg density
at the centre (Stolk et al., 2001). Understanding how
females distribute their eggs among small numbers
of similar seeds is less significant in practical terms
than the overall distribution.

We need to be aware that in some populations,
such as that from South India (Mitchell, 1991),
larvae exhibit contest type competition, whilst most
others produce many adults from a single seed.
However this distinction can break down with host
shifts (Messina and Karren, 2003).    This
demonstrates that the species is adaptable and
simply changing seed species or cultivars will not
provide long-term protection from infestation, just
like the use of resistant cultivars (Dick and Credland,
1986b).

Mate choice by males or females is not an issue

once an infestation is established since females will
be accessed by numerous males.    Similarly an
understanding of the heritability of behaviour, of
fecundity or longevity may not be of direct practical
relevance.

So is there a worthwhile interface?

The overriding theme is that life history studies
are concerned with evolution and the relative
fitness and success of individual genotypes over
their contemporaries in the population. For pest
control purposes, the relative success of
individuals within a population is less unimportant;
what matters is the success of the population as a
whole. We cannot, however, pretend that these
two are isolated topics because, for example,
insecticide resistance in a population is a
consequence of individual selection.

Many laboratory studies do examine strictly
practical issues such as the resistance of new
cultivars or the effects of fumigants or modified
atmospheres. The remainder, of the type
discussed here, have largely been considered of
little practical value. However, pest control is
based on an understanding of biology so any
information is of potential importance.
Furthermore by bringing species such as
Callosobruchus maculatus into the mainstream
of biology from school level onwards (Dockery,
1997) we raise awareness of problems and
hopefully rear generations of scientists with an
interest in species of practical importance. We
would never decry knowledge for its own sake
and I would argue that an extensive literature in a
broad context can only be beneficial. So I ask
those interested in the practical problems and
those working on a laboratory animal to encourage
and support each other even though direct links
across an interface may be hard to establish.
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