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Abstract
Oviposition behaviour is an important contributor to the

fitness of individual insects because of consequent effects on the
number and quality of offspring. The reasons are that larvae of
internally feeding granivores are generally unable to migrate between
seeds, seeds vary in their suitability for larval development, and
competition between larvae may reduce the prospects both of survival
and of maximal reproductlon. First, the evidence for optimal
oviposition in different species is reviewed, and then differences
between species in oviposition behaviour are examined in relation to
possible adaptive explanations. Some species show behaviour which
appears to be maladaptive. Finally, the consequences of contrasting
oviposition strategies for competition and patterns of population
dynamics are predicted, and the predictions are assessed in relation
to the available data.

Introduction
Insect pests of stored products can be broadly divided into

those species that feed on whole seeds and those that feed on broken,
milled or otherwise more finely divided food products. Here, I
shall concentrate on the first category since the heterogeneity of
the whole-seed environment imposes special constraints on species
with internally feeding larvae. In most cases, larvae are unable to
migrate between seeds and therefore the placing of eggs by the female
parent is all-important in determining the survival prospects of the
offspring. Apart from variation in the intrinsic suitability of
seeds for larval development, competition between larvae within a
seed leads to reduced survival with increasing density (see Smith and
Lessells (1985) for a number of examples). The quality of survivors
may also be reduced by competition, for example weight at emergence
may be reduced by up to 60% in Callosobruchus species (Giga, 1982)
and emergence weight is correlated with both fecundity and longevity
(Smith and Lessells, 1985). Hence natural selection will favour
those individual females in a species which spread their offspring
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between seeds in a way which takes advantage of variatiol! in seed
suitability and also minimises the adverse effects of competition
(Mitchell, 1975).

In this paper, I first briefly review the optimal clutch size
problem, then discuss examples which both support and contradict
theoretical predictions, and finally consider some effects of
oviposition behaviour on population dynamics.
Optimal Clutch Size and Egg Distribution

The optimal clutch size problem in insects has recently
received a great deal of attention; Parker and Courtney (1984)
derived some general models, while the specific case of insect
parasitoids was considered by Charnov and Skinner (1984) and Waage
and Godfray (1985), and granivorous insects by Smith and Lessells
(1985). These recent papers follow Mitchell (1975), who built a
model for Callosobruchus maculatus (F.) based on individual tactical
responses, in using the marginal value approach of Charnov (1976).
The essential feature of optimal clutch size models is the
definition of a larval co~petition curve (numbers emerging as a
function of larvae per seed) and the cost of searching for an
unoccupied seed (see Fig. 26.3 of Smith and Lessells, 1985).

What, then, is the evidence that stored product insects behave
in a way which leads to optimal oviposition? The problem here is
that, although it is sometimes possible to define the larval
competition curve (Smith and Lessells, 1985), it is very difficult to
define the 'search costs' part of the equation. However, two
qualitative predictions can be made:

1. Eggs should generally be distributed in a uniform as
opposed to random or aggregated fashion such that the
adverse effects of intraspecific competition are
minimised (though a low-density All6e effect may
complicate matters, e.g. Giga and Smith (1981».

2. As 'search costs' increase (e.g. the distance between
unoccupied seeds, or the costs of assessing or
excavating a seed prior to oviposition), so should
the number of eggs laid in a single clutch increase
(Smith and Lessells, 1985).

Callosobruchus species support prediction 1. (see, for example,
Mitchell, 1975; Umeya et al., 1975), and C. maculatus, C. chinensis
(L.) and ~ rhodesianuS-Pic. all produce and respond to-oviposition
marker chemicals which help ensure a uniform distribution of eggs
(Giga and Smith, 1984). Prostephanus truncatus females tend to space
eggs evenly within as well as between grains by laying small
clutches in blind ending tunnels leading off a main tunnel, and also
lay larger clutches in harder varieties of maize which supports
prediction 2. (unpublished). However, females of
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Sitophilus oryzae L. cluster eggs in particular seeds, leaving many
seeds untouched even in a small grain like sorghum which only
supports one weevil to emergence (Shazali, 1982); Holloway (1984)
fitted the negative binomial distribution to describe the aggregation
and found estimates of the aggregation parameter k ranging from 3.5
on wheat to 0.9 on sorghum. Thus ~ oryzae oviposition behaviour
seems to be maladaptive. However, it may be that Sitophilus females
are unable to recognise the presence of eggs, and the careful sealing
in of an egg with a protein plug helps to hide the oviposition
puncture, perhaps as a defence against ovicide (Smith and Lessells,
1985). If seeds were chosen purely on the basis of their suitability
for larval development with no account of pre-occupation,
aggregation of eggs in the intrinsically most suitable seeds would
not be surprising.

Evaluation of the applicability of mGdels of optimal clutch
size to stored product insects must await experiments designed
specifically to test such theories.

OViposition and Population Dynamics

Smith and Lessells (1985, Table 26.3) discussed three aspects
of weevil behaviour which were interdependent with population
dynamics, namely clutch size, ovicide and larval competition
strategy. The aspect of clutch size which determines population
dynamics is the mean and variance of number of eggs laid per seed in
relation to adult numbers. A number of recent theoretical papers
have shown how aggregated distributions of eggs per patch of resource
can enhance stability (reviewed by Hassell and May, 1985). Although
Holloway (1984) found that the distribution of eggs of ~ oryzae
between grains was well-described by a negative binomial
distribution, aggregating eggs, as noted in the previous section, is
generally maladaptive. A species in which females spread eggs
homogeneously between seeds will not be characterised by the
stability that can be conferred by heterogeneity (de Jong, 1979;
Smith and Lessells, 1985). However, there may be circumstances in
field infestations where optimal oviposition behaviour leads to
aggregation and enhanced stability, for example where adult density
is low and travel time (search cost) between patches of resource
(heads of grain on plants) is high.

In laboratory experiments, it is sometimes possible to separate
and model the aspects of behaviour which determine population
dynamics. For exammple, Shazali (1985) describes an experiment in
which ~ oryzae and ~ cerealella were cultured separately on sorghum
under identical conditions. In both species, Shazali (1982) showed
that intraspecific competition was characterised by a contest
outcome (Smith and Lessells, 1985), only a single weevil or moth
emerging from one grain. If the competition function f(i) describes
the ~ capita survival of larvae when there are i larvae per seed,
in this case f(i) = 1/i. With m seeds and a pattern of oviposition
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described by p(i) = probability that there are
larvae, in a seed, the total number of insects
competition will be:

00

Nt+m = m L Lp(i). fa)
i=l

i eggs, and hence
surviving larval

(1)

If s denotes the density-independent survival of the single larva
that survives larval competition, equation (1) becomes:..

Nt+1 = m I:s.i.p(i).(l/i)
i=l

..,
= s.m. L. p(i)

i== 1

= s.m. (1 - p(G» (2)

where p(O) is the probability that a seed bears no hatching eggs.
Following the general approach of Hassell and May (1985), the
effects of different distributions of eggs on the dynamics of the
model (2) can be examined and compared with experimental data.
Specifically, for a negative binomial distribution with aggregation
parameter k and a mean fecundity of F eggs per parent, the zero term
p(O) = {1 + Nt.F/{m.k»-k where Nt is the number of parents. For a
highly aggregated distribution with k close to 1 (as in ~ oryzae),
equation (2) then becomes:

Equation (3) is of identical form to Hassell's (1975) model of
contest outcome competition; the attractive feature of equation (3)
as a 'macroscopic' population model (sensu Ives and May, 1986) is
that it is based on descriptions of known behaviour during
oviposition and larval competition at the 'microscopic' level of the
individual insect.

How well does equation (3) describe Shazali's (1985) data?
Fig. 1 shows that population changes in S. cerealella (whose eggs are
laid in clusters amongst grain) are very-Well described by equation
(3). In contrast, ~ oryzae does not fit the model predictions of a
monotonic increase to a plateau, but has a reproduction ~ (plot
of Nt+1 against Nt) characterised by a sharp hump. Since the process
of larval competition is the same in both species (Shazali, 1982),
the contrast in the dynamic outcome must reflect a difference in
behavioural process during oViposition. Maclagen and Dunn (1935)
long ago recognised that interference during the lengthy process of
oviposition in Sitophilus spp. reduced realised fecundity at higher
densities. The contrast in Fig. 1 reflects this interference
behaviour, which in turn has a profound effect on population dynamics
since the intersection of the reproduction curve with the Nt+1 =Nt line
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defines both the equilibrium populatlon level and the stability of
that equilibrium (May, 1976).
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Fig. 1 Reproduction curves for Sitotroga cerealella and
Sitophilus oryzae (after Shazali, 1985)

Another case where oviposition behaviour has a large effect on
population dynamics is Callosobruchus maculatus and C. chinensis.
Bellows (1982) notes that, just like the contrast in~ig. 1, the
reproduction curve of C. chinensis is characterised by a plateau
while that of C. maculatus is sharply humped (see also Giga, 1982),
and this feature is reflected in the greater tendency of ~ maculatus
populations to oscillate; however, a plot of numbers emerging
against numbers of hatched eggs shows an almost identical plateau in
both species (Bellows, 1982). Once again, larval competition is of
similar form but a difference in dynamics results from some
difference in oviposition behaviour. Utida (1941) suggested that
physical interference and damage to eggs might reduce realised
fecundity, and Yoshida (1960) found that the fecundity of C.
maculatus was reduced by the presence of C. chinensis maleS-but not
vice versa. -

The contrast between these two Callosobruchus ~pecies seems to
be explained by one, simple aspect of oviposition ~ehaviour. By
direct observation of females during oviposition at 30oC, I observed
that females of both species spend on average about two minutes
examining a bean before an egg is laid. However, after oviposition,
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C. maculatus females move away from the egg while ~ chinensis
females remain crouched over the egg for a modal time of three
minutes (Fig. 2). The behaviour of ~ chinensis may be interpreted
as egg-guarding, preventing the egg from being dislodged by other
insects until the adhesive that binds it to the bean surface, has
set. Females of Callosobruchus analis (F.) also spend a modal time
of three minutes egg-guarding (R.H. Smith, unpublished).
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Frequency distributions of time spent on a bean after
laying an egg. Callosobruchus chinensis females guard a
newly laid egg for about 3 mlnutes while C. maculatus
females do not. -

Conclusions

The links between individual behaviour and population dynamics
in storage insects have hardly been explored, even though the
animals are experimentally very tractable. Such links are of great
theoretical interest to behavioural ecologists (Sibly and Smith,
1985), and there may also be practical applications. Pest
infestations are a manifestation of population dynamics. If the
behaviour underlying the dynamics could be modified, then pests
might be managed with less reliance on chemical pesticides. As shown
here, simple differences in individual behaviour sometimes account
for major contrasts in population dynamics.
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