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ABSTRACT

The reproductive biology of three strains of
Callosobruchus maculatus F. (Coleoptera: Bruchidae), the
cowpea-seed beetle, was studied. This beetle is a
serious pest of stored legume seeds in the semi-arid
tropics.

As females aged, energy reserves were depleted and
aspects of this decline were related to the number of
eggs laid in order to explain the observed daily egg
laying pattern of C. maculatus. Various factors affected
the fecundity of females. The initial adult weight of
females showed a strong positive relationship with the
number of eggs laid. Substances, which could be
extracted from cowpeas, were shown to be necessary to
allow normal oviposition on an artificial substrate,
glass beads. The male contribution to female fecundity
was also investigated.

Approximately half of the study was concerned with
factors which govern a female's choice of oviposition
site. The presence of a pheromone which enabled females
to distribute their eggs more efficiently among cowpeas
was demonstrated. This demonstration nccessitated the
development of a biocassay using a choice chamber which
allowed beetles to choose between cowpeas marked with
pheromone and control cowpeas. Using the biocassay, the
solubility of the pheromone in different solvents was
examined. The persistence of the pheromone over
different periods of time was investigated and it was
shown that the pheromone can remain active for at least
thirty days.

In addition to the marking pheromone, the role of
physical characteristics of the oviposition substrates
was also studied. The surface area and weight of such
substrates were shown to affect the choice of oviposition
site by females.

The results obtained are discussed in the context of
previous work on bruchids, particularly models of
oviposition behaviour proposed by some workers.
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Chapter 1

INTRODUCTION

1.1 The importance of pulses as a protein source.

According to the Food and Agriculture Organisation,
about 500 million people in developing countries suffered
from chronic protein deficiency (Poleman, 1975) and with
recent famines this figure is unlikely to have
diminished. The production of animal protein is both
expensive and inefficient in resource use when compared
to vegetable protein. Because of this the provision of
more vegetable protein is the only realistic way of
meeting the demands made by a rapidly increasing

population (Smartt, 1976).

The most important sources of food in the world are
cereal crops but in many parts of the world, especially
in developing countries, pulses (legumes) form the second
most important source. Pulses contain about 20% protein
(Centre for Overseas Pest Research, 1981) and in a diet
which also contains cereals (as 1is usual) the two provide
all the essential amino acids required to sustain life
(Smartt, 1976). Thus food legumes are a valuable weapon

in man's battle to feed himself.

0f the many species cof food legumes the cowpea,

Vigna unguiculata (L.) Walp., is one of the most

important, especially in Africa where 91% of the

13



1.

1.1 million tonnes per annum is grown (FAO production

yearbook, 1975).

The factors limiting the expanded production and use
of cowpeas include low yields (caused by poor soils and
unfavourable climate), diseases and insect pests, and
field shattering (where the pod dehisces before harvest)
(Martin, 1984) but it is losses due to insect pests and
moulds whilst in store that are the most serious of all

in limiting the usable supply of cowpeas.

The importancé of storage losses can be judged by a
United Nations resolution passed in 1975 which called for
improved food conservation to take priérity over
increased food production in developing countries (ﬁarris

& Lindblad, 1978).

Losses

Of the insect pests of the cowpea it is the
Bruchidae which are the most important. All of the
important pests of food legumes in store are members of
this family (COPR, 1981), and they also damage crops
whilst still in the field. Within the Bruchidae the
major pests of the cowpea belong to the genus

Callosobruchus of which two species, C. maculatus (F.),

the cowpea seed beetle (sometimes known as the southern
cowpea weevil), and C. chinensis (L.), the azuki bean

beetle, are the most serious because of their widespread
distribution and adaptability. €. maculatus is the most

14



common pest of stored legumes in Africa, whilst
C. chinensis predominates in Asia (Southgate, 1964) both
are cosmopolitan, however, being found in tropical

climates throughout the world.

Three other pests in this genus are C. phaseoli,

€. rhodesianus and €. analis. These also infest cowpeas

although they may attack other legumes as well;
C. phaseoli is also found on chickpeas, for instance.
Two other important bruchid pests are Zabrotes

subfasciatus and Acanthoscelides obtectus. Both

originated in Central and South America but they are now
cosmopolitan and are predominantly pests of Phaseolus
species, especially P, vulgaris (indeed A. obtectus is

rarely seen on any other seed - Southgate, 1978).

In.Nigeria, the region of greatest cowpea
production, large quantities of cowpeas are lost to
bruchids every year (valued at £20 million per year -
IITA, 1983). 1Infestation by C. maculatus may begin in
the field whilst the pods are ripening. If the pods are
picked as soon as they dry then damage to seeds may be
limited (only 2.5% damaged) but if all the pods are
harvested at the same time, so that some dry pods are
left on fhe plant whilst others ripen, as many as 10% of
the seeds may be damaged before they are placed in

storage (Caswell, 1968).

15



1.

It is in storage, however, that farmers suffer the
greatest losses. Large scale concerns can usually afford
to treat stored cowpeas with insecticides but such
methods are very expensive and frequently beyond the

scope of local farmers in developing countries.

Another factor which contributes to the level of
C. maculatus infestation in cowpeas in déveloping
countries is the value of the cowpeas tﬁemselves. This
is because people, rather than destroying infested
cowpeas, tolerate gqguite high levels of infestation
(Dobie, pers. comm.) thus permitting the spread of the
pest. Surveys of local markets in northern Nigeria
showed signs of C. maculatus infestation in 50% of the
seeds when cowpea stocks had been in storage for 3-4

months (Caswell, 1981).

Present control me‘asures

Control measures dealing with bruchid infestation
are available to wealthier farmers, such as those in
California, which are simply beyond the scope of small
scale farmers in developing countries. It is difficult
to see how the "answer" to bruchid infestation, proposed
by Taylor (1981), éf commercial processing and fumigation
combined’with store hygiene, could be applied in

developing countries at present.

16



However, there are relatively Simple procedures
which are easily followed and which will limit damage
caused by pests and diseases. With many cowpea
varieties, as already stated, it is desirable to harvest
pods as they ripen since this reduces field, and

subsequently storage, infestations by insects.

The cowpeas must always be dried to below 14%
moisture content to prevent mould forming; large-scale
farmers use mechanical dryers whereas those farmers who

produce only small amounts of cowpea use the sun.

On small farms the cowpeas are usually stored in
their pods since this offers some protecﬁion from beetles
but even so the fraction of infested seeds can reach 32%
(Caswell, 1968). Storage containers themselves offer
varying degrees of protection from insect attack - mud
and thatch granaries (called 'rumbus'), frequently used
in Nigeria, would offer less than airtight metal bins,
for example (COPR, 1981). Grain legumes are usually sold
and transported in sacks; these do not prevent insects
attacking seeds but if correctly stored in suitable
warehouses with various refinements such as rodent—prodf
ventilation and fine-mesh screens on windows then losses
can be kept to a minimum (although, again, these storage

facilities are rarely available to small scale farmers).

17



Even under carefully controlled conditions
infestations will occasionally occur and so pesticides
must be used. It is also good practice to treat a
storage area before a new batch of cowpeas are placed in
it in order to remove residual infestations. Various
insecticides (especially organophosphorus compounds) and
fumigants, which are very successful in the close |
confines of a storage environment, can be used (COPR,
1981) although there is evidence of some degree of
resistance to these compounds in bruchid populations
(Evans, 1985). Again, it is recognised that such
treatment may be beyond the scope of the small scale

farmer.

Despite these control measures, the fact is that
large amounts of stored cowpeas belonging to small-scale

farmers remain relatively unprotected.

Resistant varieties of cowpeas.

It was to help such small scale farmers in
developing countries and to combat resistance by beetles
to insecticides that the Grain Legume Improvement
Programme at the International Institute of Tropical
Agriculture (IITA) near Ibadan, Nigeria screened cowpeas

for resistance to attack by bruchids.

18



One variety of cowpea was found which significantly
reduced the rate of increase of local populations of
C. maculatus (IITA, 1981). The cowpea variety (known as
TVu 2027) was later shown to be resistant because it
contained a high level of a trypsin inhibitor which
prevented the development to the adult stage of large
numbers of larvae (Gatehouse et al, 1979). Although
offering resistance to bruchids this variety gave a low
yield and was highly susceptible to other diseases.
TVu 2027 has been crossed with other varieties to give

hybrid cultivars with better agronomic characteristics

(IITA, 1983).

Although the programme to provide resistant
varieties of cowpeas seems promising it would be
foolhardy to introduce those varieties which have already
been developed before the full implications of such an
act are investigated. In an extensive study, Dick (1984)
showed the importance of geographical variation among
'strains' of C. maculatus in their ability to develop on
resistant varieties. Whilst TVu 2027 was resistant to
the C. maculatus population local to IITA, it was not
uniformly resistant to C. maculatus collected from other
locations. 1In addition it appeared that those
C. maculatus individuals which were able to develop on
the resistant variety of cowpea passed this ability to
their offspring, a greater proportion of which were able
to develop on the resistant variety. This indicated that

there would be a rapid evolution of the ability in some

19



C. maculatus populations to develop on the 'resistant'

cultivars of cowpeas.

Geographical variation in €. maculatus.

For ovef fifteen years it has been known that
‘strains' of C. maculatus collected from varying
geographical locations had different biological
characteristics (Fujii, 1968). Such differences are of
immense practical importance when controi measures are
being devised for a specific pest - a control méthod
which has been tested on one strain only may not be as
successful when applied to other strains of the same

species. This was clearly demonstrated by Dick (1984).

Dick worked on three different strains of
C. maculatus and showed that differences between them
included fecundity; oviposition behaviour, the time
required for larval development, the number of
individuals which would develop in a single cowpea and
their ability to develop on TVu 2027. ,These strain
differences are of great importance when the reproductive
bioclogy of this cosmobpolitan species is studied because
answers obtained for one strain do not necessarily hold

for others.

20



1.6 Biology of C. maculatus.

In sto;e the female beetle sticks its eggs directly
onto the seed surface. On eclosion, aftexr 5-7 days
(depending on prevailing conditions), the first instar
larva burrows directly through the part of the egg
adjacent to the seed and the testa to form a feeding cell
within the seed. The four instars feed and develop
entirely within one seed and the cell is enlarged as the

larva grows.

During the final instar the larva extends the cell
until it is just below the surface of the bean leaving
only the testa intact. At this stage the presence of a
beetle within a cowpea can be detected by a small, round
'window' (the testa lying just above the cell) on the

seed surface.

Once this pupal cell iS formed just below the seed
surface, the larva enters the pupal stage. This lasts
around one or two days and is followed by adult éclosion,
‘after which the adult chews through the testa around the
edge of the window and emerges. The period of
development from egg to adult varies with environmental
conditions such as temperature; at 27 °C and 70% RH the

period is about 30 days (Dick & Credland, 1984).

Emerging adults are usually between 1 and 5mm long
(see Fig. 1.1), they are sexually mature and will

copulate within minutes. Mated females may begin

21



Figure 1.1: Callosobruchus maculatus, the ccwpea

seed beetle.

The figure shows a female beetle at rest on a cowpea. The

cowpea has several eggs attached to it.

22



ovipositing on the day of emergence and usually live for
less than ten days. Adults do not normally feed under
storage conditions but they may drink water and feed on

pollen in the field (Alzouma, 1981).

C. maculatus is a species which 1s easy to maintain
in the laboratory. Because of this, its relatively
simple life-cycle and its importancé as a pest it has
been quite extensively studied. Despite this there are
many significant details which are not known about the

habits of C. maculatus (Southgate, 1981).

Many factors have already been identified which
affect the fecundity of C. maculotus including the
density of beetles (Brauer, 1945; Giga, 1982; Credland,
Dick & Wright, 1986), host type and availability (Nwanze
& Horber, 1976), humidity and temperature (Howe & Currie,
1964) and the provision of food for adult beetles (Larson
& Fisher, 1938). Equally though, there remain other

factors which warrant further investigation.

This includes one of the interstrain differences
reported by Dick (1984) - the suppression of egg laying
by females restricted to a few cowpeas (females on one
cowpea laid significantly fewer eggs than those
maintained for their adult life on forty cowpeas). Such
suppression was evident in two strains but not in

another.
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The role of the hosﬁ plant in triggering
reproductive activity has been examined in several
species of bruchids. Huignard (1979) reported that the
host plant is a necessary stimulus to egg laying in most
strains of A. obtectus; this was also found for

Z. subfasciatus (Pimbert & Pierre, 1983). Ouedraogo and

Huignard (1981) showed that the presence of the host
plant is necessary to trigger egg laying in C. maculatus.
Further investigation of the role of the host plant in
the reproduction of C. maculatus was thought worthwhile.
Of particular interest was the possibility of obtaining a
host-plant extract which would trigger egg laying by
female beetles in the absence of actual seeds as did

Monge (1983) working on A. obtectus.

Mating and the role of the male in tﬁe reproductive
activit? of females has been studied in other bruchid
species (Huignard, 1968, 1983; Pimbert & Pierre, 1983)
but in C. maculatus itrremains unclear whether repeated
mating increases female fecundity. It is also unclear
whether increased numbers of males cause increased egg
mortality outside laboratory conditions; previous work

having used exceptionally high adult densities (Utida,

1941a; Bellows, 1982a, b).

The issue of strain differences can be superimposed
on all of these topics since the behaviour of one strain
may not be the same as the behaviour of others. The

basis for all of these investigations 1is discussed at
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greater length in each chapter.

Oviposition and oviposition markers.

The immature stages of C. maculatus are spent
entirely within the seed to which the egg was attached
and so the larva cannot choose its own host - this is the
responsibility of the parent female. In order to
optimise its own fitness the female should, amongst other
things, distribute its eggs in such a way as to reduce’
competition between larvae within the seeds. To do this
a female should adopt an oviposition strategy which
ensures that there are never too many larvae in a seed

for the amount of food available.

A great deal of work has gone towards explaining the
oviposition behaviour of different species of bruchids.
C. chinensis has been studied the most and it has been
stated that females of this species lay their eggs in a
uniform manner, avoiding seeds with eggs alréady attached
(Avidov, Applebaum & Berlinger, 1965; Avidov, Berlinger &
Applebaum, 1965; Umeya, 1966; Nakamura, 1968). An
oviposition strategy resulting in a uniform distribution
of eggs has also been reported for A. obtectus (

Umeya & Kato, 1970) (although Pouzat (1983) stated
that egg laying of A. obtectus was random under certain
conditions) and for C. maculatus (Gokhale & Srivistava,

1975). A uniform distribution of eggs might be the means

by which a female maximises its fitness.
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The optimum oviposition strategy for bruchids has
been considered in detail by Smith & Lessells (1985) but
perhaps the most straightforward hypothesis of
oviposition strategy of a bruchid applies to C. maculatus
(Mitchell, 1975). An essential element subtending this
hypothesis (which will be discussed at length in later
chapters), as with others, is that C. maculatus females

must be able to recognise host seeds with eggs attached.

How might a female recognise eggs‘already laid? The
physical presence of the eggs seems an obvious answer and
this has been suggested by some workers (Messina &
Renwick, 1985a) but there is also a great deal of
evidence, applying to both C. maculatus and other
bruchids, indicating that eggs are recognised, partly at
least, by chemical markers (Yoshida, 1961; Oshima, Honda

& Yamamoto, 1973; Giga & Smith, 1985; Szentesi, 1981).

In the case of C. chinensis, chemical substances are
deposited by both sexes which, when applied to beans,

deter subsequent oviposition - some active components of

=

these substances have even been identified (Oshima et
1973). Substances which deter egg laying are also

deposited by another bruchid pest, Acanthoscelides

obtectus, (Szentesi, 1981), although the circumstances
surrounding its function may be slightly different since
the larvae, on emerging from the egg, do not simply bore
into the nearest seed but may select a particular one

from those nearby (Umeya & Kato, 1970). Although
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circumstantial evidence has previously been presented for
the existence of similar substances in C. maculatus
(Mitchell, 19%5), the first direct experimental evidence

was published only recently (Giga & Smith, 1985).

These substances which deter oviposition are often
known as ‘oviposition markers' but the £erm 'oviposition
deterring pheromones' is perhaps more accurate. Any
pheromone which deters the oviposition of a pest species
is of great'interest. The possibility that the pheromone
could be used as a control measure is an obvious channel
for study —‘such a method has been used, in field trials,

to control the European cherry fruit-fly (Rhagoletis

cerasi) with some success (Katsoyannos & Boller, 1976).

It is also of interest, for both academic and
practical reasons, to examine the biological properties
of such a pheromone. 1In this way one may see how it is
suited to its task of aiding in the efficient
distribution of eggs by females and possibly establish
some way of disrubting this process. 1In the study of the
reproductive behaviour of insects and in the battle
against this serious pest, the oviposition deteriing

pheromone of C. maculatus holds great promise.
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1.8 Objectives of this study

The work described in this thesis forms part of a
study into the factors which influence the reproductive
biology of C. maculatus females. Of particular interest
are those factors which influence the number of eggs

which a female lays and those which influence its choice

of oviposition site.
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1.

Chapter 2

MATERIALS AND METHODS

Culture of Animals

Three strains of C. maculatus were used; they are

Campinas, Yemen and IITA. The Campinas strain was

collected from Campinas, Brazil, in 1975 from cowpeas

(V. unguiculata (L.) Walp.) and the Yemen strain was
collected in 1977 from the Yemen Arab Republic from green

lentils (Lens culinaris, Medik). The IITA strain was

taken from an established culture kept on cowpeas at the
International Institute of Tropical Agriculture, Nigeria

in 1981.

The beetles were identified as C. maculatus by
Dr. P. Dobie at the Tropical Development and Research
Institute Laboratories, Slough and Mr. B. J. Southgate at
the Ministry of Agriculture, Fisheries and Food

Laboratories, Slough (Dick, 1984).

All three strains have since been cultured on dried
cowpeas. These cowpeas, also known as blackeyes or
black-eye peas, are grown in California and marketed by
the California Bean Growers Association. Three varieties
are sold - Cowpea #3, Cowpea #5 and Magnolia (the lafter
looks like a blackeye but is smaller in size); the former
two are more common. There is an unknown mix in any bag

(Fellows, pers. comm.).
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During storage (before they were bought) these
cowpéas were treated with either "Phostoxin" (Degesch
Gmbh., Frénkfurt) or methyl bromide. Neither treatment
has any residual effect. After purchase cowpeas were
kept frozen, at -20 °C, until they were used to prevent

infestation by beetles and other pests.

To prepare a new culture of beetles, cowpeas were
removed from the freezer and brought to room temperature.
Using a sieve, adult beetles were separated from cowpeas
of an existing culture and a number sucked into a pooter.
These beetles were then placed with the fresh cowpeas in
a jar which had a capacity of 3 litres. The inside of
the necks of the jars were painted with "Fluon'
(polytetrafluoroethylene (PTFE) dispersion) (ICI Ltd.,
London) which prevented beetles crawling up to the tops
of the jars and so made handling of open jars much
easier. The jar was sealed with a filter-paper disc
which was held in place by paraffin wax. In these
conditions adult beetles were able to mate and oviposit

freely until death.

Soon after the cultures were established‘it was
realised that a standard method of culturing should be
adopted; this was to produce experimental animals which
had developed under similar conditions. It was found
during early experiments that the weights of females from

different cultures were significantly different in some

cases.
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To standardise the cultures 400 adults (unsexed)
were used to establish each new culture. A standard
volume of cowpeas was also used each time the beetles
were cultured. For the Campinas and IITA strains 600 ml
of cowpeas were used; for the Yemen strain 800 ml were
used. Because fewer Yemen adults emerge fromva single
cowpea (Dick & Credland, 1984) more cowpeas were used for
cultures of this strain; this allowed the collection of

sufficient numbers of adults for experiments.

FTresh subcultures were established weekly so that at
any time five subcultures of each strain were maintained.
One had been established for a month and was at the peak
'emergence of adults. Another was a week older than this
and contained adults which had emerged after the peak
emergence. The other three cultures were one to three
weeks old and‘contained no emerged adults but had larvae
developing inside the cowpeas. The adults used/to
establish the culture always died before the next
generation emerged so that the two'generations never

mixed.

Only one generation of adults was collected from any
culture jar. 01ld cultures usually became mouldy and so
they were destroyed by freezing after the fifth week to

prevent interference with other cultures.
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Since several cultures of each strain were kept this
could alsc mean that cultures of the same strain could
become genetically isolated from each other. To prevent
this adults from chronologically adjacent cultures were
mixed together to establish a new culture each week. For
the Campinas and IITA strains 300 adults were taken from
the culture which Qas at peak emergence that week and 100
adults were taken from the culture which was at peak
emergence during the previous week (this culture was then
destroyed). For the Yemen strain 200 beetles were taken
from each culture because of this strain's slightly

longer development period (Dick & Credland, 1984).

Mark (1982) stated that as a result of different
feeding regimens C. maculatus develops different rates of
oviposition over several generations. He said that the
beetles tended to time their oviposition so that
emergence of the next generation coincided with
collection for the next culture. Emerging females would
delay oviposition until they were placed onto fresh beans
of a new culture. The culturing method adopted here goes
some way to diffuse such selection pressure as the time
at which beetles may emérge and still be selected for the
next culture is extended across the normal period of

emergence (Dick & Credland, 1984).

Cultures were kept in a constant temperature and
humidity (CTH) room; this was maintained at 27+1 °C and

70+10% relative humidity with a 12 hour photoperiod.
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This temperature and humidity is close to the optimum
conditions for the development and reproductive activity
of C. maculatus (Larson & Fisher, 1938; El-Sawaf, 1956;
Howe & Currie, 1964; Giga & Smith, 1983). Panji & Gill
(1974) state that adults of C. maculatus copulate and

oviposit with equal efficiency both in darkness and

light.

Four cultures were sampled to find the average
density of larvae penetrating individual cowpeas. In no
case did the density exceed 8 larvae per cowpea (means
were 6.78, 7.82, 7.9 and 7.22 with n = 50 and s. error =
0.5 for all four values). Adults emerging from cowpeas
at different larval densities have beén shown to have
differences in fecundity which are statistically
significant. Howevér, the actual diffefences are
unlikely to be of any great practical significance

(Credland, Dick & Wright, 1986).

C. maculatus is described as showing polymorphisn,
having an "active".or "flight" form as well as a "normal"
or "flightlesé" form (Caswell, 1960; Utida, 1965,1968;
Sano, 1967; Taylor & Agbaje, 1974; Nwanze & Horber,
1975), although the normal form is able to fly (Messina &
Renwick, 1985b and pers. obs.). The "flight" form is
rarely found in laboratory cultures kept at low
densities. This is possibly because of competition
between the two forms; the flight form has a later

oviposition period and produces fewer eggs (Utida, 1981).
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The flight form was not seen in the cultures used for

this study.

Sieving and Conditioning Cowpeas

To produce experimental conditions which were as
standard as possible, within practical limits, the
cowpeas used in experiments were graded for size. Small
cowpeas were removed using a sieve with circular holes
6.7 mm in diameter. No attempt was made to remove large

cowpeas but few exceeded 12 mm in length.

Cowpeas were then spread in a thin layer, covered
with gauze or muslin, and placed in the CTH room. This
was done to stabilise the temperature and moisture
content of the cowpeas. The cowpeas were conditioned in

this way for several days.

Since only egyg laying was studied and not the

subsequent development of the larvae, it was felt that

cowpea moisture content was not so critical as

temperature. Studies of this beetle have shown that
temperature is far more important than humidity (unless
at extremes) in influencing the reproductive activity of
C. maculatus (El-Sawaf, 1956; Giga & Smith, 1983). Since
cowpea moisture content is determined to a large extent
by humidity one must suppose that it too has no major

influence on the activity of the adult beetle.

H
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Experimental Equipment

In all experiments beetles were isolated either in
glass tubes or in plastic Petri dishes. The glass tubes
were 2.5 cm in diameter by 7.5 cm high; the Petri dishes

were 8.5 cm in diameter by 1.3 cm deep.

Experiments in which beetles were isoclated for more
than 24 hours were run using glass tubes. As females
sometimes lay eggs on glass the tubes were lined with
emery cloth (Grade No. 80, English Abrasives Ltd.) which
prevented the beetles laying eggs anywhere but on the
cowpeas. The tubes were closed with foam stoppers which

were permeable to air.

The Petri dishes were not lined with eﬁery cloth.
Where beetles were isolated for only 24 hours oviposition
on the containers was rare. To allow air to circulate a
hole (2 cm in diameter) was cut into the 1id; this was
covered by plastic gauze which was held in place by

plastic cement ("Tensol" Cement No. 6, ICI Ltd., London).

Poth tubes and Petri dishes were easily washed in
detergent to remove any traces left by the beetles and

the emery cloth liners were rinsed in alcohol.
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. Collecting Beetles for Experiments

Adqlt beetles were collected from the cultures.
Cowpeas were taken from the culture jar in which adults
were at peak emergence. These were first sieved to
remove adults which had already emerged. The cowpeas
were then spread in a single layer in several Petri
dishes. In this way adults could be collected very soon
after they emerged, usually within five minutes.
Collection took place in the CTH room and where possible,
because of variation between cultures, beetles for the
same experiment were collected from a single culture on

the same day.

Newly emerged beetles were placed together in an
empty Petri dish and any pairs which copulated were
isolated. There was no previous opportunity for mating
and copulation usually began within a few minutes of
emergence. If mating did not seem to have been properly
completed (sometimes females will kick off a male soon
after mating has begun) these pairs were discarded.

Usually however copulation lasted three to five minutes.

To obtain virgin females beetles were simply
isolated on emergence before they had an opportunity to

‘mate.
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Weighing of Beetles

Where it was necessary to weigh females they were
lightly anaesthetised using CO, gas and weighed on a
Sartorius Microbalance 4501 giving an accuracy
of +0.001 mg. Nwanze & Horber (1975) record no ill

effects in C. maculatus after a short exposure to CO,.

Killing Beetles

Beetles required for dissection were killed using

ethyl acetate vapour and then frozen.

Dissection of the Reproductive System

Beetles were kept frozen until just before
dissection to minimise deterioration of the tissues. The
dissections took place in a beetle Ringer (for
composition see Ramsay, 1964, also given in Appendix 1),
this reduced distortions of the tissue due to osmotic
effects. There was no recognisable difference between
the tissues of comparable beetles which had been

dissected whilst fresh and those which were frozen.

Counting Eggs

Eggs were counted at least seven days after they
were laid. This allowed the eggs to hatch and the larvae
to penetrate the testa of the cowpea. The frass produced

by the larvae turns the eggs white and makes them more
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easy to see. To count eggs laid over the entire lifetime
of a particular female the cowpeas were left for eighteen
days after the female was placed onto them. This time
period allowed for the life-span of the female, not more
than 10 days under these conditioné, and for hatching of

the last eggs laid, four to seven days (El-Sawaf, 1956).

Statistical Analysis of Results

Differences in the mean egg laying totals of females
from different experimental groups were analysed using a
single factor analysis of variance with a-priori tests to
analyse the difference between specific groups. The
method for this test was taken from Sokal & Rohlf (1973).
Analysis of variance is a fairly robust test which
operates well, even with considerable heterogeneity of
variances, and is affected only slightly by sizeable

deviations from normality (Zar, 1974).

In order to quantify the distribution of eggs on
cowpeas, so that comparisons could be made, a technique
described by Iwao (1968) was used. In this technique the
index of distribution is the ratio of mean crowding to
the mean. In the present study, the mean refers to the
mean number of eggs per cowpea and the mean crowding
refers to the mean number of other eggs per egg on the

same cowpea.
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Mcan crowding was calculated using

the following formula -

Where,
*
X = mean crowding,
X = mean number of eggs per cowpea,
2 _ .
s~ = -variance,

(Lloyd, 1967).

It was not suitable to use an analysis of variance
for comparisons of .some sets of data 50 non-parametric
tests were used. Such data included percentage hatching
of eggs and the ratio of mean crowding to the mean. In
these cases the Mann—Whitnéy U-test was used. Where sets
of data were paired, such as the egg laying of females on
a choice of two groups of cowpeas, the Wilcoxon
matched-pairs signed-ranks test was used. These tests
required less rigid assumptions about 41he data tested and

were also very easy to apply.
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Asterisks are used in most tables of results to
indicate statistical significance. The number of

asterisks denotes the significance level -

* = p < 0.05
** = p < 0.01
¥*x = p ¢ 0.001

Values which were not statistically significant are

indicated by N/S.
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1.

Chapter 3

FECUNDITY AND SUPPRESSION OF EGG LAYING

Introduction

Descriptions of the fecundity, defined as the number

of eggs laid, of Callosobruchus maculatus are varied and

this is not surprising when the number of factors
involved are considered. Among the factors which are
known to influence fecundity are the density of beetles,
both in adult and larval stages (Brauer, 1945; Giga,
1982; Credland, Dick & Wright, 1986), host type and
availability (Nwanze & Horber, 1976), humidity and
temperature (Howe & Currie, 1964), and the provision of

food for adult beetles (Larson & Fisher, 1938).

Since a positive relationship between adult weight
and fecundity has been demonstrated in other laboratory
insect species (Snyman, 1949; Ullyett, 1950), an
experiment was conducted to see if there was a
relationship between the weight of females at emergence

and the number of eggs they laid.

Egg laying of C. maculatus, which does not feed

~under storage conditions (Dobie, 1981), is likely to be a

major cause of energy expenditure and, hence, weight
loss. So the weight loss of females was investigated in

another experiment.
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Daily egg laying was also recorded. It was thought
that this might give an indication of the change in
energy reserves of the females with both age and egg
~laying. The results obtained allowed egg laying to be

related to weight loss.

Ahmed, Salem & Elbadry, (1976a) made a detailed
study of the reproductive systemsAof C. maculatus hut
this did not include changes that occured as the females
aged. By examining the reproductive systems of females
of known ages and life histories any changes might be

detected and related to other factors such as egg laying.

Differences in reproductive activity between strains
(Dick & Credland, 1984) may have been due to relatively
straightforward differences in the morphology of the
reproductive systems. Variations in the ovariole number
between strains could be responsible for differences in
fecundity and have been described for other species

(David & Bocquet, 1975; Suzuki & Yamada, 1976).

The daily egg laying patterns were also examined for
comparison with the results of other workers using

different strains.

One of the interstrain differences reported by Dick
& Credland (1984) was that the IITA strain did not
suppress its egg laying on a limited number of cowpeas
whereas the Campinas and Yemen strains did. An

experiment was carried out to further investigate this
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3.

2.

1.

difference by studying egyg production and changes in the
reproductive systems, as well as egg laying, of

suppressed females.

Bruchids in storage environments do not always have
a readily available supply of host seeds on hand when
they emerge as adults. The reaction of females to such a
situatlion was investigated by delaying the onset of

oviposition.

Materials and methods

Dalily egg laying, weight loss with egg laying, and change

in oocyte number with age.

Mated pairs of each strain were collected and the
females weighed. Each pair was placed in a lined glass
tube, which contained 40 conditioned cowpeas and

transferred to the CTH room.

Sets of replicates for each strain were killed after
different lengths of time (as shown in Table 3.1) and the
females weighed immediately. Two virgin females were

also isolated with each group and were placed,

. separately, onto 40 cowpeas. They were killed and

weighed in the same way as the nated females.

Where a pair or virgin were allowed to remain on
cowpeas for'lonqer than one day the cowpeas were replaced
with fresh cowpeas every twenty-four hours. Replacing
the cowpeas prevented any suppression of egg laying,
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Table 3.1: Numbers of replicates of each strain and the
time spent on cowpeas before death.

Time on ‘ Numbers of Replicates
Beans IITA Campinés Yemen
1 Hour 10 - -
2 Hours 10 10 | 10
4 Hours 10 10 -
1 Day ~- 10 8
2 Days 10 -- -
3 Days 9 - -
4 Days 8 10 10
5 Days 9 - 2
6 Days 8 1 -
7 Days 9 6 1
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2.

caused by lack of oviposition sites, and also allowed

daily egy laying to be recorded.

Thus, for each female, weight at mating, weight at

death and the number of eggs laid each day was known.

Some of the females were dissected to examine their
reproductive systems. The number of ovarioles in each of
the two ovaries was counted and then the number of
discernible ococytes in each female. These were generally
greater than 0.1 mm in diameter and were easily
recognisable as oocytes (by their position in relation to
the germarium) at x40 magnification. The lateral
oviducts were then opened and the number of eggs present
were counted. The contents of the bursa copulatrix and
the vagina were then examined and any recognisable eggs
counted. To avoid ambiguity a distinction is drawn
between "oocytes" located within the ovarioles and "eggs"
found in the lateral oviducts after ovulation. Egg
production, as opposed to egg laying, is defined as the
number of eggs laid plus those stored in the lateral

oviducts and bursa copulatrix.

Emergence weight and fecundity

30 mated pairs of each strain were collected and the
females weighed immediately after mating. Each pair was
then placed on 40 fresh cowpeas and the female was
allowed to oviposﬁt until death. 40 cowpeas are enough
to prevent suppression of egg laying by one female
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2.

.2,

(Dick & Credland, 1984).

6-day egqg laying

40 Campinas pairs were collected and placed in
separate tubes containing forty conditioned cowpeas. In
half of these females were allowed to oviposit,
undisturbed until death. For the other 20 replicates the
forty cowpeas were changed after 6 days for another
forty, fresh cowpeas and the females then allowed to

oviposit until death.

Suppression of egg laying

Reducing the number of oviposition sites.

60 mated palirs of each strain were collected; half
of these were placed on two cowpeas only and the other
half were placed on forty cowpeas. Beetles from 10 tubes
of each of the two treatments were removed and killed
after 6 hours. A further 10 were killed after 2 days and
6 days. 10 extra replicates were collected for the

Campinas strain at five days.

The females were all dissectéd so that the oocytes
and the eggs stored in the lateral oviducts could be
céunted; the number of eggs laid by each female was
counted and the number of those which had hatched was

noted.
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Delaying the onset of oviposition.

20 newly emerged and mated Campinas females
(isolated from their métes) and 20 virgin Campinas
females were collected. These were kepl separately in
empty glass- tubes with emery liners so that they were

unable to lay eggs.

After 6 days each of the mated females was placed on
forty cowpeas and allowed to oviposit until death. The
virgins were allowed to mate with newly emerged males,
separated, and each female placed on forty cowpeas to
oviposit until death. For practical reasons any virgins
which did not mate within a few minutes were discarded.

This left twelve replicates from the initial twenty.

After 18 days the eggs were counted and egg
mortality was noted. These values were compared with
those of 30 Campinas females collected from the same
culture which were allowed to mate and oviposit in the

usual way.

Results

Daily egg laying patterns

The number of eggs laid daily by females of each
strain are shown in Fig. 3.1. In each case most eggs
were laid on the first day, followed by a continuous

decline.
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Figure 3.1: Daily egg laying by individual
females of three strains of
Callosobruchus maculatus

a) Campinas strain

Values given are mean daily totals (+ 1 S.E.) laid
by individual females on 40 cowpeas which were
changed daily. ‘
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Figure 3.1: b) IITA strain
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Figure 3.1: ¢) Yemen strain
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3.

Change in oocyte number with age

Fids. 3.2 and 3.3 show the reproductive system of a
Campinas female. The reproductive systems of 305
females, of the three strains, were dissected and the
number of ovarioles in each was noted. Only four females
varied from the normal arrangement of 6 ovarioles in each
ovary. All four were Yemen females; three had an extra
ovariole in one ovary (13 ovarioles) and the fourth had

an extra ovariole in each ovary (14 ovarioles).

The relationship between the average numbers of
oocytes per female and agé is shown in Fig. 3.4. For
each strain a regression analysis was performed on the
results for females which were between one and seven days
0ld. The regression coefficients are presented in Table

3.2.

Weight loss and egg laying

The relationship between weight loss and egg laying
is shown in Fig. 3.5. The regression coefficients are
given in Table 3.3. Results for an analysis of

covariance are given in Table 3.4.

Table 3.5 shows the difference in weight loss of
7-day old virgin and ovipositing females. The results

include females of all three strains.
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Figure 3.2: The female reproductive system.

Drawn from a Campinas female; magnification
approximately x 35.
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Figure 3.3: Close-up of an ovariole.

Drawn from a Campinas female; magnification
approximately x 90.
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Figure 3.4: Change in oocyte number with age.

a) Campinas strain

The values given are the total number of oocytes
(generally greater than 0.1 mm in size) in both
ovaries of individual C. maculatus females which
were allowed to mate and oviposit freely.
Regression coefficients for the lines of best fit
are given in Table 3.2, all are significantly
different from zero.

+ - 1 observation

o - 2 observations

O - 3 observations

* - mean value for all females

of the same age.
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Figure 3.4 b) IITA strain
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Figure 3.4 c) Yemen strain
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Table 3.2: Regression eguations
for change in oocyte number with age.

tl

Campinas: Qocyte number 42.25 - 4.51 x Age in days

IITA " " 55.94 - 6.95 x * =~ " "

Il

i

Yemen 44 .24 - 3.89 x " " Y

All regression coefficients are significantly
different from zero (p < 0.001).
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Figure 3.5: The relationship between egg laying
and weight loss.

a) Campinas strain

The weight loss (mg) of individual C. maculatus
females is plotted against the number of eggs
which they laid. Regression coefficients for the
lines of best fit are presented in Table 3.3, all
are significantly different from zero. Analysis of
covariance for the three strains is presented in
Table 3.4.
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Figure 3.5: b)  IITA strain
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Figure 3.5: ¢) Yemen strain
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Table 3.3: Regression equations
for weight loss on egg laying.

Campinas: Weight loss = 0.248 + 0.0219 x Eggs laid

IITA " " 0.298 + 0.0215 x " "

Yemen " 0.252 + 0.0369 x * =~ "

Weight loss is expressed in milligrams.
All regression coefficients are significantly
different from zero (p < 0.001).



Table 3.4: Analysis of covariance for
welght loss on egg laying.

Source of variation DF

Adjusted means

Treatments 2
Error 150

Total ' 152

Homogeneity of
regression coefficients

Treatments ) 2
Error 147
Total , 149

8

25

25

.99
.81
34.

80

.13
16.
.81

67

26.131

40.264

* k%

Xk x
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Table 3.5: Difference in weight loss between ovipositing
-and virgin females.

Total number Weight

of eggs laid loss (mg) n
VIRGIN 0.2 t 0.2 0.802 1+ 0.1 6
MATED 66.5 + 9.4 2.339 ¢ 0.3 16

Values given are mean and standard error.
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4.

Emergence weight and fecundity

The relationship between emergence weight and
fecundity is shown in Fig. 3.6. The regression equafions
are presented in Table 3.6. Results for the analysis of
covariance are given in Table 3.7. The average weight at

emergence of females of the three strains are given in

Table 3.8.

6-day egg laying

Fig. 3.7 shows the 6-day and lifetime egg laying
totals. There is no significant difference between the

6-day total and the lifetime total.

suppression of egg laying

The result, in terms of egg laying, of restricting
the nuﬁber of oviposition sites is shown in Fig. 3.8.
Table 3.9 shows where the differences between the control
(egg laying by females on 40 cowpeas) and the treatment
(egg layving by females on 2 cowpeas) were significant.
Egg production for the Campinas and Yemen strains are
shown in Fig. 3.9 and Table 3.10. Control and treatment
values were not significantly different for the IITA
strain at any time so only egg laying is shown

(Fig. 3.8).
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Figure 3.6: The relationship between emergence weight and
egg laying.

Numbers of eggs laid by individual females of known live
weight at time of mating, shortly after emergence.
Regression lines are plotted for each strain and all are
significantly different from zero.

(a) Campinas
(b) IITA
(c) Yemen
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Talble 3.6: Regression equations for egg laying
on emergence weight.

Campinas: Egg laying 12.60 + 16.26 x Emergence welight

IITA : " " 11.26 + 15.55 x = * "

L]

Yemen : " " = 26.30 + 10.99 x " "

il

All regression coefficients are significantly different
from zero (p < 0.001).
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Table 3.7: Analysis of covariance for egg laying
on emergence weight.

Source of variation

Adjusted means
Treatments
Error

Total

Homogehelity of
regression coefficients
Treatments

Error

Total

DF

84
86

81
83

2910.
18990.
21900.

472.
.09

18518

18990.

20
76
95

66

74

1455

226

236

228.

.10
.08

.33
62

6.436

1.034

* %

N/S
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Table 3.8: The welghts at emergence of females
the three strains of C. maculatus.

Strain Weight (mg) S.Error n
Campinas 4.788 0.171 30
IITA 5.428 0.199 28
Yemen 7.203 0.193 29
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Figure 3.7: Average 6-day and lifetime egg
laying totals.

Totals are mean values (+ | S.E.) for Campinas
females (20 replicates in each case) mated and
placed on forty cowpeas.

A: Lifetime egg laying totals for females given
fresh cowpeas after 6-days. Unshaded area
represents the eggs laid after the sixth day

B: 6-day egg laying total.

C: Lifetime egg laying total for females left
on 40 cowpeas, undisturbed until death.

There is no significant difference in the number
of eggs laid by females over 6 days (B) and the
number laid by females over their entire lifetime

(c).
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TIME ON COWPEAS

Figure 3.8: Effects on egg laying restricting
the number of oviposition sites.

a) Campinas strain.

Females of each strain were mated and then placed
on either 2 cowpeas (shaded bars) or 40 cowpeas
(unshaded bars) for varying lengths of time. Total
egg laying is a mean value from 10 replicates

(+ 1 S.E.).
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IITA strain
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Table 3.9:

Significant differences between eggs
laid by females on 2 and 40 cowpeas.
Time on cowpeas 6 hours 2 days days 6 days
Campinas * * ok * %
IITA N/S N/S ~- N/5
Yemen N/S *xx - *xx
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OF EGGS PRODUCED

No.
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100+
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N
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TIME ON COWPEAS
Figure 3.9: Effects on egg production of

restricting the number of
oviposition sites.

a) Campinas strain

Females of each strain were mated and then placed
on either 2 cowpeas (shaded bars) or 40 cowpeas
(unshaded bars) for varying lengths of time. Total
egg production is a mean value from ten replicates
(+ 1 S.E.). Egg production is calculated as the
number of eggs laid plus the number remaining in
the lateral and median oviducts.
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Table 3.10: Significant differences between eggs
produced by females on 2 and 40 cowpeas.

Time on cowpeas 6 hours 2 days 5 days 6 days
Campinas ' * N/S "N/S *
IITA N/S N/S -- N/S
Yemen N/S N/S - * %
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Table 3.11 shows the results of Student's t-test
comparing the oocyte numbers of females on 2 cowpeas and

on 40 cowpeas for each the three strains after 6 days.

Table 3.12 shows the results of the Mann-Whitney
U-test comparing the percéntage hatching of eggs laid by
females on 2 and on 40 cowpeas over 6 days. The test was

carried out for all three strains.

The effects of delaying the onset of ovipasition are
shown in Fig. 3.10. Preventing females from having
access to cowpeas, whether before or after mating,
significantly reduced their egg layihg.’ Females mated
before their 6 day isolation laid less eggs than those

mated afterwards.

Discussion

In all strains, maximum egg laying occurred on the
first day after emergence and then decreased daily. The
first egyg was laid sometimes within 2 hours of mating and
with the exception of four cases out of 116, within 24

hours.

Larson and Fisher (1938) mentioned that oviposition
frequently began within two hours ana generally within
the first 24 hours after emergence. They also stated
that maximum oviposition occured on the first day and
then decreased daily. This was further supported by Howe

& Currie (1964), Utida (1972), Bellows‘(1982a) and Dick
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Table 3.11: Comparison of oocyte numbers of females
on 2 cowpeas and on 40 cowpeas after 6 days.

Strain Student's t-test results

Campinas t = -0.617 df = 16 N/S
IITA t = 0.000 df = 18 N/S
Yemen t = -1.844 df = 17 N/S
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Table 3.12: Comparison of hatching of eggs laid by
females on 2 cowpeas and on 40 cowpeas after 6 days.

Strain Mann-Whitney Two-Sample Test Results

0.773 N/S

Campinas U = 29.00 7 =
IITA U = 34.50 2 = 0.898 N/S
Yemen U = 19.00 Z = 1.696 N/S
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Figure 3.10: Result of delaying the onset of
oviposition

CONTROL SM

Control Mean number of eggs laid
(+ 1 S.E.) by Campinas females
(n = 20) which were allowed to mate
and begin oviposition immediately
after emergence.

SM Mean number of eggs laid
(+ 1 S.E.) by Campinas females
(n = 20) which were allowed to
mate immediately after emergence
but which were prevented from
ovipositing for 3 days.

SV Mean number of eggs laid
(+ 1 S.E.) by Campinas females
(n = 12) which were allowed to mate

3 days after emergence and then
allowed to oviposit.

The totals for SM and SV are both significantly
less than that of the control.
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(1984). However Brauer (1945) described maximum
oviposition as occurring on the second day after
emergence. The results presentea here, for the onset and
daily pattern of oyipositioh, agree with those of most

workers, for all three strains studied.

Under normal experimental conditions there was no
significant difference between 6-day and lifetime egg
-laying. Thus, in experiments, removing females after 6
days allowed the reproductive system to be examined and
sufficient time for eqgg laying but avoided excessive
morﬁa]ity among the beetles. In other experiments, where
the reproductive system was not to be examined, lifetime

egg laying was preferred as a measure of fecundity.

Lifetime egg laying totals were obtained from the
experiment investigating the relationship between
emergence weight and fecundity. These are given, along
with the results of other workers, in Table 3.13 - this
shows the variation in the reported values for the
fecundity of C. maculatus and how values from the present
study compare with them. Whilst care has been taken to
select valueé from similar experiments these results are
not necessarily comparable, the exact conditions are
described in the particular publications and only major

differences in experimental conditions are indicated.
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Table 3.13: The fecundity bf c.

maculatus

No. of Eggs Laid

Remarks Source
Average Maximum
91.2 124 Campinas Present Study
95.6 142 IITA " "
105.4 130 Yemen ! "
88.5 - ~- Larson & Fisher, 1938
94 - On Peas Brauer, 1945
- 80 - El-Sawaf, 1956
About 60 -— - ' Caswell, 1960
75.2 100 Range 35-100 Howe & Currie, 1964
-——- 90 Range 40-90 Booker, 1967
- 70 Range 60-70 Utida, 1972
84.6 - On Mung Beans Mitchell, 1975
40.5 - - Bellows, 1982a
72.2 - Malawi Strain Giga & Swmith, 1983
73.1 - Brazil Strain Giga & Smith, 1983
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Different fecundities have previously been described
for different stocks of C. maculatus kept under the same
conditions (Brauer, 1945). Throughout the course of the
present study, where lifetime egg laying was recorded for
all three strains, the Yemen strain consistently laid

most eggs.

The higher fecundity of the Yemen strain was not due
to a difference in the number of ovarioles between
strains. Only four out of 79 Yemen females were found to
have more than twelve ovarioles. Though it is
interesting to note that only the Yemen strain showed any
variation from the norm, this small variation could not
cause the observed strain difference. The differences in

fecundity must be due to other factors.

Ouedraogo & Huignard (1981) showed that in
C. maculatus exposure to. host-plant compounds and mating
stimulated ocogenesis and 50 increased the number of
ovocytes. This has also been described for A. obtectus

(Huignard, 1979; Monge, 1983) and 2. subfasciatus

(Pimbert & Pierre, 1983). After emergence, possibly due
to the effects of mating and cowpeas, there was an
increase in the number of ococytes per female over the

first 24 hours (Fig. 3.4).

For the purposes of the experiment the instant of
\emergence of an adult was taken as the onset of adult
life. However, this is not strictly correct since there
may be a variable length of time between adult eclosion

87



from the pupal cuticle and emergence of the adult from
the cowpea. During this time the reproductive system may
develop to varying degrees and thus the reproductive
systems of females may be at different stages of
development on emergence fiom cowpeas. The effect of
mating and cowpeas may be to reduce such differences by
stimulating oocyte development in females with less

developed reproductive systems.

A linear trend could be identified after the first
24 hours because the initial differences between females
became less important. The average number of ococytes

decreased with age after the first day.

Sidhu, Kaurs & Kumar, (1980) described weight loss
with_time in C. maculatus females. Utida & Takahashi
(1958) also described a decrease in body weight of adults
of C. maculatus with time and mentioned that water
‘content was almost constant throughout life. Wightman

(1978) stated that water loss in Callosobruchus analis

was low because water lost by transpilration was replaced
by metabolic water; this is likely to be the case in

C. maculatus. Under stoiage conditions adults would not
feed (Dobie, 1981) and they had no opportunity to do so
during the experiments described here. Only metabolic
activity, transpiration, defaecation (of material present
in the gut at emergence - pers. obs.) and oviposition are

likely to make large contributions to weight change.
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Virgin females which rarely lay eggs, and éven if
they do so very few, infertile eggs late in their lives
.(Ouedraogo & Huighard, 1981; Credland, pers. comm. and
pers. obs.), lose'much less weight than do ovipositing
females. This is shown in Table 3.5. Since the only
differences between virgin and ovipositing females are
the latter's reproductive activities then the difference
in weight loss must stem from them. Oviposition thus
accounts for a major portion of the weight loss of

females (through whatever mechanism).

There was no significant difference between the
regression coefficients for weight loss on egqg laying of
thé Campinas and IITA strains but these two were
different from the Yemen strain. A Student-Newman-Keuls
multiple comparison test among the adjusted mean numbérs
of eggs laid (to allow comparison) indicated that the
Yemen strain again differed significantly from the other
two. Yemen females tended to lose more weight when
laying similar numbers of eggs than Campinas or IITA
females and as the numbers of eggs laid increased so

Yemen weight loss increased at a greater rate.

The reason for this difference is not obvious.
Yemen females are generally heavier than those of the
other two strains (Table 3.8) and they may expend more
energy fhan the other two strains on the maintenance of
bodily functions other than egg laying. Alternatively

there may be differences in the weights of eggs, with
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Yemen females laying heavier eggs, but this would be

difficult to test.

A major portioﬂ of weight loss is due to the
expenditure of energy reserves on oviposition.  Utida &
Takahashi (1958), Caswell, (1960), Sidhu et al (1980),
Sharma, Jit & Shasma, (1983), and Puri & Sharma (1984)
have all described the decrease of one form of energy

reserve or another with age in C. maculatus. Wightman

(1978), working on Callosobruchus analis (which has

comparable reproductive habits to C. maculatus) stated
that eggs account for 10% of the expenditufe of initial
energy content of the beetle and metabolic processes,
which presumably include reproductive processes, a
further 55%; the rest of the initial energy content

remained in the cadavers.

It was noted during the course of the present

experiment that in older C. maculatus females the

reproductive system had a withered and effete appearance.
Fat body, which was very prominent in newly emerged
females, had almost disappeared in females 6f six and
seven days old. Unless they feed, females have no way of
replacing food reserves and so energy available for egg

laying decreases.

As energy reserves are depleted either the number of
eggs being produced by the ovaries must decreése, egyqg
production must eventually stop or the eggs must get
‘Smaller. The results show a reduction in the number of
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ooéytes in the ovaries with time (Fig. 3.4). Ahmed,
Elbadry & Salem, (1976b) describe a reduction in length
of mature oocytes of C. maculatus with age and there 1is
some evidence that the volume of mature ococytes decreased
(pers. obs.). Bhaskar, Koul & Tikku, (1976) have

obtained similar results for C. chinensis.

These experimental results confirm and expand upon
previous observations of the degeneration with age of the
reproductive systems of non-feeding females of
C. maculatus. The reduction of energy reserves and the
reduction in the number of oocytes appear to be
responsible for the daily egg laying pattern of this

species under storage conditions.

A positive relationship between aault weight and
fecundity has been demonstrated in other insect species
(Snyman, 1949; Ullyett, 195%50). It was found that
C. maculatus demohstrates a strong positive relationship
between the welight at emergence and fecundity (Fig. 3.6)

in all three strains.

There was no significant difference between the
regression coefficients of the three strains but a
Student-Newman-Keuls multiple comparison test, with an
adjusted mean fecundity, indicated that the Yemen strain
was significantly different from the other two strains.
This indicates that at comparable weights Yemen females
lay significantly fewer eggs than either Campinas or IITA
females. In practice, Yemen females are generally
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heavier than those of the other strains (Table 3.8) and

have the higher fecundity. TFemales of Pieris rapae

having the same weight but different genotypes have also
recently been shown to have different fecundities

(Gilbert, 1984).

Because the C. maculatus females in this study were
not fed it is not surprising that adult weight has such a

strong relationship with egg laying.

Dick & Credland (1984) described the suppression of
egg laying by females of the Campinas and Yemen strains
on a small number of cowpeas. They also stated that
females of the IITA strain did not suppress egg laying
under similar conditions. The present study confirmed
these obse;vations (Fig. 3.8) and was extended to
investigate the effect of such suppression on egg

production, changes in oocyte numbers and egg hatching.

After 6 hours, Campinas but not IITA or Yemen
females on 2 cowpeas laid and produced significantly more
eggs than females on 40 cowpeas. It is not known why
this happened or why this was not found in the other two

strains.

study of egg production in Campinas and Yemen
females indicated something of the mechanism of
suppression observed at two days and after. Although egg
laying was significantly reduced after 2 days, egyg

production was not. This was because eggs were stored in
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the lateral oviducts. After 6 days, even though some
egygs were stored in the lateral oviducts, egg production
was less in females on 2 cowpeas than in females on 40.
In this case either egqg production was depressed or

oocytes or eggs were resorbed.

At first, when a female was presented with a limited
number of oviposition sites it apparently avoided
'overcrowding' these by retaining some eggs in its
lateral oviducts. Although under other circumstances a
female may soconer or later attempt to find fresh
‘oviposition sites in this case, as the egg load on the
cowpea built up, egg production was decreased by some

means.

The method by which this reduction is brought about
153 not known. There is no significant difference between
the oocyte number of females on 2 and 40 cowpeas in
either Yemen or Campinas so the decrease in egg
production was apparently not achieved by reducing the
number of maturing oocytes; it may be that the
development of cocytes is suspended. An ocostatic hormane

has been demonstrated in Musca domestica which can arrest

the development of certain stages of oocytes when mature
eggs are retained (Adams, Hintz & Pomonis, 1968). A

similar mechanism could operate in C. maculatus.
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Mann-Whitney two-sample tests show no difference
between the percentages of eggs hatched in the control
and treatment after 6 days. TETven though cggs may hatch
with equal frequency post-embryonic mortality is higher
in'cowpeas with large numbers of hatched eggs (Dick &

Credland, 1984).

In the field, situations can occur which leave
females with little choice but to deposit a large number
of eggs on a few cowpeas. Tor instance, small numbers of
cowpeas are frequently left in storage areas after they
have been emptied. Whilst it is better, in terms of
reproductive fitness, for a female to disperse as many
eggs as possible on a large number of cowpeas,it may be
more effective for a female to limit egg laying when it

is on a small number of cowpeas.:

Credland et al (1986) found that as the number of
eggs laid on a cowpea by one female increased so the
total egqg laying by the Fy sibling females emerging
later, from the same cowpea, also increased. Such egg
laying by the offspring did not, however, increase
indefinitely. Above a certain larval density no further
increase in the Fq egy laying occurred and there may have
been a decrease (although this was unclear). Thus, in
terms of the total number of eggs laid by its female
offspring the female parent may be more successful if its
own egg laying is suppressed once a certain egg density

has been reached.
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The argument presented by Credland et al (1986) only
applied to the Campinas and Yemen strains. Where females
of the IITA strain were concerned, in the same
circumstances (up to a hatched egg density of 22 per
cowpea), the theoretical total egg laying by Fq sibling
femaleé from a single cowpea did not decrease or level
off. For the IITA strain there was no theoretical
optimum number of eggs per cowpea which produced the

maximum number of eggs from emerging Fy females.

The éuppression of egg laying by a female (of the
Campinas or Yemen strains) restricted to a small number
of cowpeas would only improve the reproductive fitness of
a female if ail the eggs already laid on the cowpeas were
its own. If the eggs which a female encountered were
those of other females‘then laying its own eggs on the
cowpeas, however unlikely they were to survive, could
only improve its reproductive fitness (which would
otherwise be zero with respect to these cowpeas). If
females decide whether or ﬁot to oviposit on cowpeas
already laden with the theoretical 'optimum' number of
eggs then they must be able to distinguish between their
own eggs and those of others. There are no references to
this subject for C. maculatus but Avidov, Applebaum &
Berlinger, (1965a) stated that females of C. chinensis do
not distinguish between their own and other eggs. If a
Q;'maculatus_female cannot distinguish between its own
and other eggs then it may respond to all eggs in a
similar way and avoid exceeding the 'optimum' number of
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eggs per cowpea.

The results partly explain why both Campinas and
Yemen may suppress egg laying on a limited number of
cowpeas and why IITA does not. Thé explanation is
imperfect however. Campinas females actually laid an
average of 31.8 egygs/cowpea on two cowpeas after 6 days
(28.7 hatched eggs/cowpea) and Yemen females 28.9
eggs/cowpea (26.8 hatched eggs/cowpea) (Fig. 3.8). Both
ofvthese egyg densities were béyond the theoretical optima
which will enable maximum egg laying by‘F1 sibling
females emerging from the same cowpea. It may be that
the production of male adults plays an important part in
the strategy of a female; the increased'fecundity of
males (expressed by the number of eggs that they
fertilise) ma§ require slightly different developmental
conditions. Males were not considered in‘the explanation
by Credland et al (1986) of the suppression of egg laying

on a reduced number of cowpeas.

Suppression of egg laying by delaying the onset of
oviposition has been observed in sevéral species (Avidov
et al, 1965a; Huignard, 1970; Bell,_1971; Bell & Bohm,
1975; Tyndale-Biscoe & Watson, 1977; Biemont, 1979;
Allemand, 1983). Delaying the onset of oviposition for 6
days (a time which would have allowed a normal number of
eggs to be laid in ideal circumstances) for both mated

and virgin Campinas females significantly reduced the

number of eggs laid.
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The reduction of egg laying is less in,feﬁales
prevented from mating than in those mated. Mated females
may expend more energy in searching for cowpeas than
virgins; virgin females tend to be less active in the
tubes (pers. obs.). In A. obtectus material provided by
the male, in the spermatophore, is taken into the

haemolymph (Huignard, 1983) and incorporated into

developing oocytes. Thus, in A. obtectus the male
contributes to egyg production with its spermatophore. 1In

C. maculatus similar material may be depleted in a mated
female prevented from egg laying whereas the virgin
females (mated with newly emerged males) would have a

source of fresh spermatophore material.

The mechanism of suppression by delaying the onset
of oviposition or by restricting the number of
oviposition sites available to a female ié rarely
discussed. OQosorption has been identified in some cases
(Bell, 1971; Bell & Bohm, 1975; Tyndale-Biscoe & Watson,
1977) but there are no references o this in C. maculatus

or other bruchids.

Retention of eggs in the lateral oviducts by
C. maculatus may reduce egg production and this may be
irreversible. Alternatively, energy may be expended in
searching behaviour and supporting bodily functions
thereby depriving the female of resources which would
otherwise be expended on egg productién. Either of these

could be reasons for the reduced egg laying of females.
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Although in some circumstances females would
probably leave their immediate environment to search for
new hosts these experiments do resemble situations which
can occur such as a female being trapped in a store. The
changes 1in egg laying behaviour described here represent
the attempts of females to achieve the maximum level of

fecundity possible in less than perfect conditions.
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Chapter 4

ARTIFICIAL OVIPOSITION SUBSTRATES, HOST-PLANT EXTRACTS
AND DIFFERENT SUBSTRATE ARRANGEMENTS.
Introduction

In experiments investigating the fecundity and

choice of oviposition site of Callosobruchus maculatus it

15 necessary to present females with cowpeas of similar
size and shape so that other variables may be altered and

the results interpreted correctly. However, despite

attempts to standardise cowpeas for experiments there are

always slight differences, such as roughness, which
cannot easily be eliminated. Whilst these differences
are presumeq to be unimportant for most experiments it is
still occasionally desirable to have an oviposition
substrate which is even more uniform thﬁn standardised

cowpeas .

In these cases it was proposed that cowpeas should
be replaced with glass beads as these vary little in size
or texture and can casily be cleaned before and after
use. Before glass beads could be substituted for
cowpeas, though, it was necessary to demonstrate that
they provided a surface for oviposition of comparable

attractiveness to cowpeas.



In such an experimént the effect of arranging
cowpeas in a single layer in a Petri dish could also be
investigated. It was thought that females may expend a
lot of energy moving among the cowpeas stacked in tubes.
The hypothesis was that females would be able to move
more freely among cowpeas in a single layer, in this way
they would save energy which might be used in egg

production.

Monge (1983) cobtained a seed-ccoat extract from

Phaseolus vulgaris which stimulated oviposition by

Acanthoscelides obtectus. An experiment was therefore

designed to see whether a more sophisticated artificial
substrate than plain glass beads could bhe prepared by
coating glass beads with a similar extract taken from

whole cowpeas.

Since Monge (1983) had obtained extract from
sead-coats only, it seemed likely that an effective
cowpea extract might be obtained by socaking cowpeas for
shorter lengths of time fthan the original period, 24
hours, of the first cowpea extract experiment. The
effective components of the extract might be found in the
surface of the cowpea and be gquickly washed into
solution, whereas prolonged soaking may have removed
material from below the testa which was not normally

encountered by aduit beetles.
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This experiment, in which the extraction times were
varied, gave unexpected results. Egg laying totals for
the females on beads coated with a C hour or a 24 hour
extract were lqwer than expected whilst those of females
on beads coated with a 10 minute extract were as high as
egy laying totals of females on cowpeas. This suggested
that there may be some deterrent to oviposition caused by
the physical nature of the extracts or by some chemical
substance extracted in sufficient guantity after 6 hours.
Host-plant substanées which inhibit oviposition are of
particular interest.because of their possible value in

pest control (Bodde, 1982).

By varying the concentrations of extracts collected
over 10 minutes and 24 hours more information might be
provided on the value of these extracts as oviposition
deterrents. If the effect was physical then increasing
the concentration of the 10 minute extract might cause
inhibition of oviposition and lowering the concentration
of the 24 hour extract might remove such inhibition.
Increasing the concentration of the 10 minute extract
might also concentrate a chemical oviposition deterrent
to the extent that it became effective. However, if the
suppression of oviposition was caused solely by a
chemical extracted only aftervB hours, then increasing
the concentration of the 10 minute extract would have no

effect.
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L2,

2.

1.

Materials and Methods

Materials

Since the beetles were to be left in the Petri
dishes for 6 days the dishes were lined with emery cloth
to prevent oviposition on the plastic. Glass beads were
obtained from BDH Chemicals Ltd., Poole, England and were
between 6.5 and 7.5 mm in diameter. These size beads
were used Siﬁce they were about the same size as cowpeas.
Analar acetone (BDH Chemicals Ltd., Poole, England) was
used throughout the experiments. Acetone, rather than
another solvent, was used because Monge (1983) found this
to elicit the greatest response in experiments with

Acanthoscelides obtectus.

In the rest of the experiments described in this
thesis, unless otherwise stated, only beetles of the
Campinas strain were used. This was to prevent needless
repetition of experiments. Where strain differences were
thought likely to be important then all three strains

were used.

Methods

Glass beads as an oviposition substrate and

different arrangements of oviposition substrates

10 Petri dishes were prepared, each containing 40
clean glass beads arranged randomly in a single layer.
10 glass tubes were prepared also containing 40 clean
glass beads. This was repeated with cowpeas; 40 cowpeas
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in each of 10 Petri dishes and 40 cowpeas in each of 10

glass tubes,

A newly emerged and mated Campinas pair was placed
in each container. The Petri dishes and glass tubes were
then placed in the CTH room and left, undisturbed, for 6
days. Afterwards the beetles were removed and the eggs
counted. Those on the cowpeas were left for 7 days to

allow them to hatch.

Effect

f a cowpea extract on oviposition

500 cowpeas with whble, unbroken seed coats were
placed in a conical flask and covered with 250 ml of
acetone. The flask was stoppered and left standing for
24 hours without being shaken. After 24 hours the liquid

was decanted; this was the cowpea extract.

The cowpea extract was placed in a 500 ml
evaporating flask with 400 glass beads and the acetone
evaporated off at 50 °C under reduced pressure; Some
liquid was left after this process, which may haVe been
water present in the original acetone or substances with
higher boiling points which had been extracted from the
cowpeas. In any case this liquid was poured off. The
beads were then dried at room temperature in anvairflow
and occasionally turned to ensure even coating with
extract. Some of the extracted material must have been
‘poured off with the unevaporated liquid but as the
purpose of the experiment was merely to demonstrate the
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presence of a substance or substances which stimulated

oviposition this was not important.

Another 400 glass beads were prepared as a control
using 250 ml of acetone only. This was evaporated off in
the rotary evaporator at 50 °C; all the liquid was

evaporated off.

40 glass beads, all coated with ext?act, were piaced
in each of 10 glass tubes; another 10 glass tubes were
prepared in the same way using the control glass beads.
10 more tubes were prepared with 40 cowpeas in each and
another 10 each with 40 of the cowpeas from which the

cowpea extract was made (the 'extracted cowpeas').

A newly emerged and mated Campinas pair was placed
in each of the forty tubes and these were left,
undisturbed, for 6 days in the CTH room. The beetles

were then removed and the eggs counted a week later.

Time required to obhtain an effective cowpea extract

Four lots of 500 cowpeas, each with whole, unbroken
seed coats were placed in separate conical flasks and
each covered with 250 ml of acetone. The flasks were
allowed to stand for differing lengths of time. The
cowpeas in one flask were left undisturbed for 24 hours
and in the other three for 6 hours, one hour or ten

minutes.
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At the end of thc allotted time period the liquid
was decanted and the cowpeas were rinsed with 50 ml of
fresh acetone which was then added to the original
ligquid. These four lots of liquid were the different

cowpea extracts.

The cowpea extracts were placed, separately, into a
rotary evaporator each with 400 clean glass beads and the
acetone evaporated off at 35 °C. Another 400 glass beads
were prepared as a control using acetone only. The glass
beads werxre prepared in sequence beginning with the
control followed by the ten minute extract, 1 hour
extract, 6 hour extract and, finally, the 24 hour extract
(with the evaporating flask being cleaned each time).

The acetone evaporated quickly and no liquid was left.

The glass beads were placed in sealed contaliners in
a refrigerator (at 4 °C) until they were required. Forty
beads coated with the same extract were placed in each of
ten glass tubes (lined with emery cloth in the usual
way). Forty control glass beads were also placed in each
of ten glass tubes. In addition 40 fresh cowpeas (sieved

and conditioned) were placed in each of ten glass tubes.

Gloves were worn when handling the beads to prevent
contamination and a different pair was used for beads
coated with different extracts. These precéutjons were
taken for all subsequent experiments in which glass beads
or cowpeas were coated with cowpea extracts or other

substances.
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The glass tubes containing cowpeas and those
containing glass beads were placed in the CTH room to

allow their temperature to stabilise.

Two days later, 60 mated palrs of Campinas were
collected in the usual way and placed in the tubes. The
beetles were left, undisturbed, on the cowpeas or glass

beads for o dayd after which they were killed and frozen.

The eggs laid were counted and each female was
dissected to find the number of eggs in the lateral and
median oviducts. This gave the total number of eggs

produced after six days.

Different concentrations of cowpea extract

10 minute extracts

In the previous experiment the ten ﬁinute extract
was made by placing 500 cowpeas (approximately 130 g)
with whole, unbroken seedcoats in 250 ml of acetone for
10 minutes and then rinsing with 50 ml of fresh acetone

to give 300 ml of extract.

In this experiment four different concentrations of
10 minute extract were made. An amount of extract
fifteen times that of the original amount was prepared
using 1950 g of cowpeas soaked for 10 minutes in 3750 ml
of acetone and then washed in 750 ml of acetone to give

4500 ml of 10 minute extract.
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Of this extract 300 ml were evapbrated onto 400
clean glass beads to give 10 minute extract at the
original concentration on the beads. TFollowing this
600 ml, 1200 ml and 2400 ml of the extraci were
evaporated onto separate lots of 400 glass beads to give
extract on the beads at 2X, 4X and_BX 'normal' 10 minute
concentration. In the event the 8X 'normal'
concentration was prepared separately due to practical
difficulties involving the large amounts of cowpeas and

acetone.,

The extract was refrigerated (at 4 °C) for a short
while prior to its being evaporated onto the glass beads.
Following their preparation, the four lots of glass beads
were also stored in a refrigerator (each lot separately,

in sealed plastic containers) until they were required.

In addition to the glass beads with extract, 400
glass beads were prepared as a control using 300 ml of

fresh acetone.

24 hour extracts

In the previous experiment the 24 hour extract was
prepared by placing 500 cowpeas (approximately 130 g) in
250 ml of acetone for 24 hours and then rinsing them with

50 ml of fresh acetone to give 300 ml of extract.
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In this experiment four different concentrations of
24 hour extract Were prepared. 260 g of cowpeas, with
whole, unbioken scedcoats, were soaked for 24 hours in
500 ml of acetone and then rinsed with 100 ml of fresh

acetone to give 600 ml of 24 hour extract.

Of thiSVGOO ml, 300 ml was evaporated onto 400 clean
glass beads to give 24 hour extract at the original
concentration on the beads. 150 ml of the remaining
extract was diluted with 150 ml of fresh acetone and
evaporated onto 400 glass beads to give 24 hour extract
at half the normal concentration. A similar procedure
was carried out to give two more lots of glass beads at
1/4 and 1/10 of the 'normal' 24 hour concentration.
Another 400 glass beads were also prepared as a control

using 300 ml of fresh acetone.

The glass beads were then transferred to glass
tubes. In each tube were placed forty of the appropriate
glass beads to give five lots of ten tubes each
cantaining beads of a given concentration of extract or
control. In addition 10 tubes were prepared eﬁch

containing 40 sieved and conditioned cowpeas.

The experiment itself was conducted in two parts.
First a mated Campinas palr was placed in each of the
sixty tubes containing glass beads coated with the
different 10 minute extracts (including control glass
beads and cowpeas) and secondly a pair was placed in each
of the sixty '24 hour' tubes. 1In each case the pairs
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were left in the tubes, undisturbed, for 6 days before
being removed ,killed and frozen. The number of eggs
laid by each female was counted; the dead females were
dissected and the numbers of eggs stored within the

oviducts counted to give total egg production.

Results

Use of glass beads and different substrate arrangements

Fig. 4.1 shows the mean egg 1aying of females on
glass beads and cowpeas in either Petri dishes or tubes.
Table 4.1 gives the analysis of variance for these

results.

The distribution (as measured by the ratio of mean
crowding to the mean) of eggs laid by females on cowpeas
in tubes 6r on cowpeas in Petri dishes was compared using
the Mann-Whitney U-test. There was no significant

difference between the two distributions of eggs.

Demonstration of a host-plant effect

Fig. 4.2 shows the mean egg laying of females
subjected to the different treatments described in the
method. Table 4.2 gives the analysis of variance of

these results.

The distribution (as measured by the ratio of mean
crowding to the mean) of eggs laid by females on glass

beads coated with cowpea extract was compared with that
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Figure 4.1: Egg laying on glass beads or cowpeas in either

tubes or Petri dishes.

Campinas females were mated and then placed on either forty
glass beads or forty cowpeas in a tube or in a Petri dish.
Total egg laying is a mean value from !0 replicates

(+ 1 S.E.) in which females were allowed to oviposit for 6
days.

110



Table 4.1: Analysis of variance for egg laying on

different substrate types and arrangements.

Sburce of variation DF SS MS
Treatments 3 43445.600 14481.867
Exrror 36 9652.000 268.111
Total 39 53097.600

A-priori tests:

Cowpeas in tubes vs. glass beads in tubes
Cowpeas in tubes vs. cowpeas in Petri dishes
Gls bds in tbs vs. gls bds in Petri dishes

F

54.014

F

53.179
0.466
11.656

x % %

* X 'k

N/S
X %
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Figure 4.2: Egg laying on glass beads coated with cowpea

extract, cowpeas, uncoated glass beads
(control) and the cowpeas which the extract
was taken from.

Campinas females were mated and then placed onto forty of
the appropriate cowpeas or beads. Total egg laying is a mean
value from 10 replicates (+ 1 S.E.) in which females were
allowed to oviposit for 6 days.
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Table 4.2: Analysis of variance for egg laying on

glass beads coated with cowpea extract and on controls.

Source of variation DF 55 MS F
Treatments 3 13362.885 4454.295 14.434
Error 34 10492.089 308.591

Total 37 23854.974

A-priori tests: F
Glass beads with extract vs. cowpeas v 0.642
Glass beads vS. glass beads 27.237
with extract without extract

Cowpeas vs. extracted cowpeas 1.625

X % %

N/S

* k%

N/S
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of eggs laid by females on cowpeas using the Mann-Whitney
U-test. Eggs laid by the females on the glass beads were
more uniformly distributed and this difference was

significant (p < 0.01).

Different extraction times

Fig. 4.3 shows the mean égg laying and egg
production of females on glass beads coated with cowpea
extracts collected by soaking cowpeas for different
lengths of time (as described in the method). The total
number of eggs laid by females on beads coated with the
51X hour extract was much less than that of females on
beads coated with other extracts. Table 4.3 gives the
analysis of variance for egg laying results and Table 4.4

gives the same analysis for egqg production.

Different concentrations of 10 minute and 24 hour

cowpea extracts

Figs. 4.4 and 4.5 show the mean egyg laying and egg
production of females on glass beads coated with
different concentrations of 10 minute and 24 hour cowpea
extracts. Table 4.5 gives the analysis of variance of
fhe egg laying results for the 10 minﬁte extract and
Table 4.6 gives the same analysis for egg production with
the 10 minute extract. Tables 4.7 and 4.8 give the

corresponding results for the 24 hour extract.
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Egg laying and egg production on glass beads
coated with cowpea extracts which were
collected by washing cowpeas for different
lengths of time.

Figure 4.3:

Campinas females were mated and placed on forty of the
appropriate glass beads or cowpeas and allowed to oviposit
for 6 days. Totals are mean values for 10 replicates. The
unshaded area of each bar represents total egg laying whilst
the shaded and unshaded areas together represent egg
production - values given are + | S.E., the upper error bars
are for egg production and the lower error bars are for egg
laying.
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Table 4.3: Analysis of variance for egg laying
on glass beads coated with different cowpea extracts.

Source of variation
Treatments

Error

Total

A-priori tests:

Contrel vs. extracts
Amongst extracts

DF SS MS F

5 39504.203 7900.841 17.385  *xx
50 22722.922 454.458
55 62227.125

F

6.470 N/S
15.454 **




Table 4.4: Analysis of variance for egg production
on glass beads coated with different cowpea extracts.

Source of variation
Treatments

Error

Total

A-priori tests:

Control vs. extracts
Amongst extracts

DF

5
50
55

55 M3 F

23455.284 4691.057 15.707 *xx
14932.556 298.651
38387.839

F

3.145 N/S
13.819 * *
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Egg laying and egg production on glass beads
coated with different concentrations of a '10
minute' cowpea extract.

Campinas females were mated and placed on forty of the
appropriate glassbeads or cowpeas and allowed to oviposit
for 6 days. Totals are mean values for 10 replicates. The
unshaded area of each bar represents total egg laying whilst
the shaded and unshaded areas together represent egg
production - values given are + | S.E., the upper error bars
are for egg production and the lower error bars are for egg

laying.
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Figure 4.5: Egg laying and egg production on glass beads
coated with different concentrations of a '24
hour' cowpea extract.

Campinas females were mated and placed on forty of the
appropriate glass beads or cowpeas and allowed to oviposit
for 6 days. Totals are mean values for 10 replicates. The
unshaded area of each bar represents total egg laying whilst
the shaded and unshaded areas together represent egg
production - values given are + 1 S.E., the upper error bars
are for egg production and the lower error bars are for egg
laying.
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Table. 4.5: Analysis of variance for egg laying
on glass beads coated with different concentrations
of '10 minute' cowpea extract.

Source of variation DF SS MS F
Treatments 5 133.663 26.733 18.520 ***
Error 49 70.728 1.443
Total 54 204.391 ‘
A-priori tests: : ‘ F

Glass beads vs. 10 minute ’ 80.303 *xx%*
without extract extracts
Among 10 minute extracts 1.923 N/S
1x vs. 8x 10 minute extracts ’ - 0.345 N/s
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Table 4.6: Analysis of variance for egg production
on glass beads coated with different concentrations
of '10 Minute' cowpea eXtract. '

Source of variation DF SS MS F
Treatments 5 10488.494 2097.699 10.155 *xx%
Erroxr 49 10121.433 206.560 :
Total 54 20609.927
A-priori tests: F

Glass beads vs. 10 minute : 38.840 xx*xx*
without extract extracts
Among 10 minute extracts 2.247 N/S§
1x vs. 8x 10 minute extracts 0.968 N/S

121



Table 4.7: Analysis of variance for egg laying
on glass beads coated with different concentrations
of '24 hour' cowpea extract.

Source of variation DF S5 MS F
Treatments 5 48 .414 9.683 8.591 * k%
Error 50 56.354 1.127
Total 55 104.768
A-priori tests: o F

Glass beads vs. 24 hour : 38.909 *xx
without extract extracts ;
Among 24 hour extracts 0.666 N/S
1/10x vs. 1x 24 hour extracts 1.723 N/S
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Table 4.8: Analysis of variance for egg production
on glass beads coated with different concentrations
of '24 hour' cowpea extract.

Source of variation DF SS MS F

Treatments 5 8678.081 1735%.616 7.124 **x
Errorx 49 11937.119 243.615
Total 54 20615.200
A-priori tests: F

Glass beads vs. 24 hour ‘ 31.990 **x%
without extract extracts
Among 24 hour extracts 0.819 N/S
1/10x vs. 1x 24 hour extracts 2.162 N/S
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Discussion

Many studies have been made of factors which
stimulate OOgeneSis‘and ovibosition in bruchids. Mating
plays a major part.in stimulating ocogenesis but does not
induce oviposition on its own except in extreme
circumstances (Quedraogo & Hulgnard, 19aﬁ - C. maculatus;

Huignard, 1979 - A. obtectus; Pimbert & Pierre, 1983 -

zabrotes subfasciatus). Similarly, the presence of
host-plant seeds, whilst stimulating oogenesis, does not,
on its own, induce oviposition in C. maculatus (Ouedraogo

& Huignard, 1981).

Generally in the Bruchidae, for oogenesis and
oviposition to occur, both mating and host-plants are
required. In experimental conditions a host-plant
extract can be substituted for actual seeds (Applebaum,
Gestetner & Birk, 1965; Gokhale & Srivistava, 1973;
Monge, 1983). The interaction between mating and
host-plants is probably complex and the effects ﬁay be
synergistic (Pimbert & Pierre, 1983). The necessity of
such interaction in the Bruchidae has obvious advantages
since both mating and host-plants ave prerequisites to

the successful reproduction of these insects.

In view of the results of these other studies it was

not surprising that C. maculatus females on glass beads

laid significantly fewer eggs than females on cowpeas.
This means that glass beads alone are not comparable with
cowpeas as an oviposition substrate.
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Coating glass beads with a cowpea extract provides
the otherwise absent host-plant stimulus and allows
oviposition to proceéd normally. There was no
significant differénce in the number of eggs laid by
females on glass beads coated with cowpea extract and by
females on cowpeas. The distribution of eggs on tﬁe
coated glass beads was significantly more uniform than
that of eggs on cowpeas indicating that glass beads are
less variable than cowpeas. This demonstrates that glass
beads coated with a cowpea extract would be suitable as
an artificial oviposition substrate, however, the
preparation of the glass beads in this way does take time

and so thelr advantages above cowpeas are limited.

There were slightly fewer qué laid on the extracted
cowpeas than on ordinary cowpeas but this was not
statistically significant. The small difference may be
due to residue from the acetone, nolt present on the
ordinary cowpeas. Despite the removal of some substances
by extraction, the cowpeas used for preparation of

extracts still stimulated oviposition in €. maculatus

females (TFig. 4.2).

The spatial arrangement of cowpeas did not appear to
influence-egﬁ laying. There was no significant
difference in the number of eggs laid by females on
cowpeas in tubes and on cowpeas in Petri dishes. Nor was
there any-significant difference in the distribution of

eggs on the cowpeas in the two arrangements as measured
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by the ratio of mean crowding to the mean. Arranging the
cowpeas in a single layer did not adversely affect egg
1aYing, neither didvit benefit females by allowing them
to move more easily between cowpeas (Fig. 4.1). Females
on cowpeas stacked in tubes were, apparently, not greatly

hampered by having to c¢limb amongst them.

Fgg layiné on plain glass beads (those witﬁout an
extract) was significantly higher when the beads were in
tubes than when they were in a single layer. This may
have been because glass beads in tubes are more stable
for females when ovipositing or because females more
frequently came into an ‘'oviposition posture® on the
beads, by virtue of being in close contact with them at
all times, and laid eggs (albeit very few eggs) despite

. the lack of host plant stimulation.

Although the cowpea extract collected in the first
experiment was prepared by washing the cowpeas for 24
hours it seemed likely, in view of the results of Monge
(1983), that an effective extract could be obtained by

washing cowpeas for shorter lengths of time.

None of the cowpea extracts (including the 24 hour
extract) which were collected by washing cowpeas for
different lengths of time, stimulated egg laying to
levels as great as that on cowpeas (Fig. 4.3). However,
the females on glass beads with the 10 minute extract
laid, on average, twice as many eggs as those females on
the control.
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Conversely, the extract obtained by washing cowpeas
in acetone for 6 hours or more did not appear to be
effective in stimulating oviposition. Less eggs were
laid on the glass beads with the 6 hour extract than on
the control, whilst the number of eggs produced was about
the same. Thus, there was little stimulation of egg
production by the é hour extract, which was similar to
the control glass beads, and moreover the extract appears

to have inhibited oviposition.

The glass beads coated with 6 hour extract or 24
hour extract were noticeably ﬁore greasy than the other
glass beads. Messina & Renwick (1983) noted that females
of C. maculatus avoided ovipositing on beans lightly
coated with various oils and suggested that this was
physical rather than chemical inhibition. It may be that
the 6 houf and 24 hour cowpea extracts presented this

physical deterrent.

An alternative explanation for the observed results
is that some substance (or substances) which chemically
inhibited oviposition was extracted after 6 hours but not
after 1 hour. Yet the original host-plant extract
experiment showed a 24 hour extract to be effective in
stimulating oogenesis and oviposition. In the latter
case, however, the evaporation process was incomplete and

some of the extract was poured off.
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Although differences between egg laying on beads
coated with the different cowpea extracts were hot
statistically significant the results lead to speculation
over the effects of different concentrations of the
host-plant extracts. 1In particular, do the 6 hour and 24
hour extracts actually inhibit oviposition and cogenesis
and would greater concentration of 10 minute extract
inhibit oviposition or oogenesis or both? These
guestions were the subject of the next group of

host-plant extract experiments.

For both types of cowpea extract (10 minute and
24 hour) the results wefe largely the same. Egg laying
by females on glass beads coated with cowpea extract,
whether 10 minute or 24 hour extract,lwas significantly
greater than that of females oh the respective control

beads.

There was no significant difference in egg laying
among. groups of females placed on beads bearing different
concentrations of the same extract (either 10 minute oxr
24 hour extract), nor was there any difference in the
numbers of eggs laid by females on the beads with the
highest and lowest cbncentrations of a given extract

(Figs. 4.4 and 4.5).

These results also applied to egg production; there
was a significant difference between control and extract
groups but no significant difference among the extract
groups. Nor Qas there a significant difference between
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the extract groups of the highest and lowest

concentrations.

Although egg 1a§ing by females on glass beads
treated with 10 minute and 24 hour extracts are not
strictly comparable, since the feﬁales were collected
from different cultures, the results do seem similar.
Certainly the differences between egg laying on the two
different extracts were far smaller than those observed
in the previous experiment. It may be that the reduced
eqgqg laying»by females on beads coated with 6 or 24 hour
eXxtract in the previous experiment was due to some
experimental error, possibly in the preparation of the

extract or in its application to the beads.

There was no evidence of suppression of elther
oogenesis or oviposition by an increased'concentration of
the 10 minute extract as was suspected might occur from
the results of the previous experiment. The main
conclusion of the experiment is that an effective
host-plant extract can be obtained by washing cowpeas in

acetone for just 10 minutes rather than 24 hours.

The similarity in effect between different
concentrations of the same extract indicated that the
cowpea extracts did not stimulate oogenesis or
oviposition beyond a certain level. It may‘be that the
extracts have a "maximum threshold" of stimulation
(exceaeded in every case) beyond which they do not
-stimulate increased oviposition.
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Below this supposed "maximum threshold" a reduction
in the concentration of the extract might to some degree
‘reduce ocogenesis or oviposition propoftionally with
concentration. In this case all the concentrations
studied seem to. have allowed maximal egg production; the
maximum being judged as egg laying and prqduction by the

females on cowpeas.

Alternatively the cowpea extract might merely
signify to the female the presence of a sultable host for
its eggs; its fecundity and disposal of eggs being

governed by other factors (such as adult weight and the

presence of other eggs).

It should be remembered that these females had no
other substrate to lay their eggs on; 1f they were given
the choice between glass beads with cowpea extract and
cowpeas, then the effectiveness of the extract might have
been more stringently tested. However, the purpose of
the experiment was simply to demonstrate the problems
‘involved in substituting glass beads for cowpeas in other
experiments. The presence of host-plant factors must be
taken into account when other aspects of the reproductive

physiology of C. maculatus are being studied.
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Chapter 5
MALE EFFECTS ON FEMALE FECUNDITY

Introduction

The role of the male insect in reproduction 1is

primarily to ensure the transfer of viable gametes to the

female. The secretory products of the accessory glands
maintain the spermatozoa during this transfer but may
have many other functions (Leopold, 1976). Males of
several species of insects contribute to the fecundity of
females which use seminal secretions as a source of

nutrients (Landa, 1960; Hinton, 1974).

Huignard (1983) demonstrated that females of
A. obtectus took up labelled amino acidsAfrom
Spermatophores‘into their haemolymph and that these were
subsequently incorporated into developing oocytes.
Material extracted from spermatophores of A. obtectus has

also been shown to stimulate oogenesis (Huignard, 1975).

In view of the contribution of the spermatophore to
female fecundity in some species of insects it was
decided to study the effect of allowing C. maculatus
females to remate. Comparing the egg laying of females
which had mated only once with that of females which had
mated twice might show if extra spermatophore material
enabled a female to lay more eggs. The influence of
remating on egg hatching could also be observed.
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Utida (1941a), Yoshida (1961), Bellows (1982a,b) and
Giga (1982) showed that increasing adult density caused a
decrease in the fecundity of females of C. chinensis,

C. maculatus and C. rhodesianus. In density experiments

it is difficult to isolate the effects of adult density
from those of egg and lérval density. One way of
increasing adult density without increasing egg or larval
density is to use a fixed number of females and vary the
number of males. Males and females are different in
their behaviour s0 changing the density of males alone is
‘not strictly the séme as changing the density of all
adults. However, such a method does prevent egg density
from interfering with the results as there is only a
finite number of eggs that a few females can produce and

lay.

In addition, Utida (1941b) working on C. chinensis
suggested that males caused a reduction in egg laying by
disturbing females as they were trying to oviposit and
aiso reduced egg hatching by trampling eggs (though in
this case he did not adequately discount the ovicidal
effect of any oviposition marker that might have been
present). It was of interest to see if such phenomena

could also be demonstrated in C. maculatus.
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Method

Effect of remating females

Forty newly emerged Campinas females were allowed to
mate and were then placed, without the male, into
separate glass tubes containing 40 conditioned cowpeas.

These tubes were then placed in the CTH room.

After three days, half way through the mgjor part of
the normalboviposition period, half of the females were
allowed to remate with newly emerged males. 1In the
event, a total of sixteen females were remated and the
remaining four discarded for practical reasons. After
remating the females were replaced in their respective
glass tubes, returned to the CTH room, and allowed to

oviposit until death.

" The rémaining twenty females were not remated but
were removed from their tubes for a short while to
compensate for the disturbance of the females which were
remated. These remaining females were also returned to

the CTH room and allowed to oviposit until death.

Eighteen days after the beginning of the experiment
the dead females were removed and the eggs on the cowpeas
counted. The number of these eggs which had hatched was

also noted.
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Different numbers of males

Forty newly emerged Campinas females were collected
and allowed to mate; Ten of these females placed in
tubes without a male and ten were isolated with the male
with which they had originally mated. Of the remaining
twenty females, ten were isolated with 5 males each and
ten were isolated with 10 males each. Each tube

contained forty conditioned cowpeas.

The forty tubes were placed in the CTH room and the
beetles left undisturbed for six days. After this period
all the beetles were removed and dissected to check the
sex of each individual. Any replicate in which a beetle
had been wrongly sexed was discarded (this happened in

the case of five replicates).

The eggs laid on the cowpeas were counted and the

number of those which had hatched was noted.

Results

Females readily mated a second time. There was no
noticeable difference between their readiness to mate and

that of newly emerged virgin females.

The numbers of eggs laid by females which mated only
once and by females which mated twice are shown in
Fig. 5.1. An analysis of variance of these results is

shown in Table 5.1.
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Figure 5.1: The effect of remating.

Mean number of eggs laid (+ 1 S.E.) by twenty Campinas
females allowed to mate only once before each was placed on
forty cowpeas and by twenty Campinas females which were
allowed to mate once before each was placed on forty cowpeas
but were remated after three days. All females were allowed
to oviposit for six days.
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Table 5.1: Analysis of variance of egg laying
by females mated once or mated twice.

Source of variation ~ DF 55 MS F
Treatments 1 500.592 500.%92 0.847
Error 32 18906.938 590.842

Total : 33 19407.529

N/S
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The hatching of eggs laid by females which mated
only once was compared, using a Mann-Whitney U-test, with
that of eggs laid by females which were remated. The

difference in hatching was not significant.

The numbers of eggs laid by females enclosed with
different numbers of males after mating are shown in
Fig. 5.2. An analysis of variance was carried out and
the results of this are given, along with those of three

a~priori tests, in Table 5.2.

For females enclosed with different numbers of males
the percentage hatching of eggs and the ratio of mean
crowding of eqggs on cowpeas to the mean number of eggs
per cowpea are shown in Table 5.3. Eég hatching values
were compared usiug the Mann-Whitney U-test. The only
significant difference observed was between hatching of
eggs laid by females with no males and eggs laid by
females isolated with 10 males (p < 0.05). The ratio of
mean crowding of eggs to the mean number of eggs per
cowpea was also compared using the Mann-Whitney U-test.
The only significant difference observed was between the
distribution of eggs laid by females without maleé and
that of eggs laid by females enclosed with 10 males éach

(p ¢ 0.05).
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Figure 5.2: The effect of different numbers of males.

Newly emerged Campinas females were allowed to mate and then
each was isolated with a different number of males on forty
cowpeas for six days. Total egg laying is the mean of ten
replicates (+ I S.E.).
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Table 5.2: Analysis of variance of egg laying by

females enclosed with different numbers of males.

Source of variation

Treatments
Error
Total

A-priori tests:
Female + no male vs.

Female + 1 male vs.
.Female + 1 male vs.

DF SS

3 351.749
683 21373.362
71 21725.111

female + 1 male
female + 5 males
female + 10 males

MS

F

117.250 0.373

314.314

0.080
0.324
0.189

N/S

N/S
N/S
N/S




Table 5.3: Hatching and ratio of mean crowding

to mean of eggs laid by females enclosed

with different numbers of males.

Number of males none 1 5 10

% eggs hatching 92.21 91.21 90.05 90.18
Ratio of mean crowding

to the mean number of 0.979 1.029 1.038 1.074

eggs pexr cowpea
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Discussion

Mating is important in egg maturation and
oviposition of many‘species of insects (Englemann, 1970);
Its role in oogenesis has been demonstrated in
C. maculatus (Ouedraogo & Huignard, 1981) and other

bruchids (Huignard, 1979; Pimbert & Pierre, 1983).

Huignard (1968) showed that the number of eggs laid
by females of A. obtectus and the fertility of these eggs
decreased if copulation was stopped artificially before
the time when the pair would normally have parted. One
reason for this may be that there is a relationship
between the amount of spermatophore material transferred
to a female and the number and fertility of eqggs laid.
Huignard (1983) showed that in A. obtectus spermatophore
material is incorporated into oocytes, therefore a link
between spermatophore transfer and fecundity in the

bruchids seems plausible.

However, the present study showed no significant
difference between the total number of eggs laid and egg
hatching in C. maculatus females mated once or mated a
second time, half way through the oviposition period.
Whilst the transfer of the spermatophore stimulates
oogenesis and is essential for fertilising eggs these
results indicate that the value of more than one
spermatophore as food material is minimal and contributes
little to the number of eggs laid. A single mating also
appeared sufficient to ensure a normal level of egg
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.hatching.

The effect of populatibn density on fecundity is
different in differént species of insects. Crowding of
adults may either increase or decrease egg laying
(Englemann, 1970). Increasing adult density has been
shown to cause a decrease in the fecundity of

C. chinensis, C. maculatus and C. rhodesianus (Utida,

1941a; Yoshida, 1961; Bellows, 1982a+b; and Giga, 1982).

Utida (1941b) suggested that the reduction in egg
laying was caused by adults interfering with each other,
especially males attempting to mate with females which

were trying to oviposit.

However, the adult densities used in previous
studies to demonstrate this reduction in female fecundity
were very high. For instance Bellows (1982a) recorded a
marked reduction in the number of eggs laid per
C. maculatus female at densities of 40 adults (or more)
on 3.7 g (about 14-16 seeds) of cowpeas. Such levels of
adult crowding are far in excess of those usually found
in storage environments (Dobie, pers. comm.) and whilst
such high adult densities are perfectly justified when
developing models for laboratory populations they have
limited relevance to the biology of C. maculatus in the

field.

142



In the present study, females enclosed with 10 males
on 40 cowpeas did not lay significantly less eggs than
females alone on 40 cowpeas. Males did not prevent

females from laying their full complement of eggs.

Whilst not causing a reduction invegg laying males
did affect the way females distributed their eggs and the
hatching.of these eggs. As the number of males increased
50 the distribution of eggs changed from being more
uniform than random to being more aggregated than random.
There was a significant difference between the
distribution of eggs laid by females without a male and
that of eggs laid by females with 10 males. A large
number of males appeared to disrupt the normal
oviposition behaviour of the females and caused them to

aggregate their eggs slightly.

The changes in egg distribution appear so slight,
however, and the densities of eggs per cowpea were so
low, that such small variations in the distribution of
eggs would be unlikely to have a great affect upon the

number of adults subsequently emerging.

Utida (1941b), working on C. chinensis, found that
the numbers of eggs which hatched decreased with
increasing adult density, Bellows (1982a) also
demonstrated this for C. maculatus. The greater part of
these decreases occurred at very high adult densities
(Utida (1941b) - 256 adults on 112 azuki beans; Bellows
(1982a) - 40 adults (or more) on 14-16 cowpeas).
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In the present study a significant difference was
found between the hatching of eggs laid by females alone
and those laid by females enclosed with 10 males.
However, even though statistically significant, the
difference in the mean percentage of egygs hatched was

only 2.03 % (Table 5.3).

These results indicate that males can interfere with
the egg laying of females but whether this interference
is caused by physical contact between males and females,
by adults trampling eggs, or by chemical substances
deposited by the males remains unclear. To separate such

influences would be extremely difficult.

Although adult density has been shown to have a
significant influence upon many aspects of the population
dynamics of C. maculatus, because of the low adult
densities generally found in nature such influences will
rarely be of importance. The extreme larval densities,
which are often found in stored cowpeas (Dobie,

pers. comm.), are of far greater significance.
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and Acanthoscelides obtectus (Szentesi, 1981). There is

ChaptLer 6

THE OVIPOSITION DETERRING PHEROMONE

OF Callosobruchus maculatus

Prescnce of the egyg markexr

Introduction

The marking of eggs oxr egg laying substrates with
chemicals which detcr subsequent ovipasition in the
vicinity has been described for several species of
insects (Price, 1970; Prokopy, Reissig and Moericke,
1976; Zimmerman, 1979; Ditterick, Jones & Chiang, 1983;
Renwick & Radke, 1983). In the Bruchidae oviposiiion
markers have been demonstrated for

Callosobruchus chinensis (Honda, Oshima & Yamamoto, 1976)

also strong circumstantial and experimental evidence for
the existence of a chemical marker produccd by
C. maculatus (Mitchell, 1975; Wasscerman, 1981; Giga,

1982) and by C. rhodesianus (Giga, 1982).

The following section describes experiments designed
to demonstrate the existence of an oviposition marker for
C. maculatus and the design of a bioassay to invesligate

its propertics.
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Materials and methods

Experimental Equipment

- Choice chambers were made from plastic Petri dishes
(Sterilin Ltd, Teddington, England) which woere 8.5 ¢m in
diameter by 1.3 ¢m deep. These Petri dishes were
separated into quadrants using Perspex (ICI Ltd., London)
dividers. The dividers were notched along the edges to
allow beetlés Lo pass frecly from one sector o another
whilst preventing the cowpeas from mixing. The plastic
dividers were held in place using plastic cement:
("Tensol" Cement No. &, ICI Ltd., London). To allow aix
to circulate a hole 2 cm in diameter was cut into the
1id; this hole was covered hy plastic gauze which was
held in place by piastic cement. The quadrants of the
choice chambers were numberced one to four in a «lockwise
direction so that gquadrant 1 was opposite guadrant 3 and
quadrant 2 was opposite quadrant 4. Fig. 6.1 is a

photograph of one of Lthese choice chambers.

The choice chambers were easily washed in detergent
to remove any Lraces lefl by the beeltles. Where beétlcs
were isblated for only 24 hours, oviposition on the
containers was rare and so they were not lined with emery

cloth.
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Figure 6.1: A choice chamber

Note the notches in the dividers which allow the beetles

free access to each quadrant whilst preventing the beans
from mixing.
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Preparation of the marker

In a typical experiment four hundred heetles
(uﬁsexed) were placed on 500 clean glass beads 1n a
crystallizing dish. The dish was covered with plastic
gauze, Lo prevent the beetles from escaping, and placed
in the CTI xroom. Twenty~four hours later the heetles

were removed from the glass beads and discarded.

The eggs which had been laid on fifty glass beads
were then counted, care belng taken to avoid
contamination from dirty hands or surfaces, to calculate
the egg density. 250 ml of acetone then was poured onto
the beads and after 10 minutes this was decanted. 50 ml
of fresh acetone was then used to rinse Lhe beads and was

added to the 250 ml already collected. This was the 'egg

marker' and was refrigerated (at 4 °C) in a sealed glass
container until required. Acetone was used bhecause it is
a wide ranging solvent and had been used previously for

the cowpea extract experiments (Chapter 4).

The marker was poured onto 400 sieved cowpeas which
had been carefully examined to ensure that they had
whole, unbroken seedcoats. The acetone was evaporated
under reduced pressure, at 30 °C, using a rotary
evaporator (a process which usually took about
15 minutes). In this way each cowpea was evenly coated

with egg marker.
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The relative strength of a particular cgg markerx
could be roughly calculated from the number of egygs on
the glass beads and the numbexr of cowpeas onto which the
marker was evaporafed. Thus, 1f 1200 eggs (as calculated
from the sample) had been laid on the glass beads and the
marker which was prepared from these glass beads was
evaporated onto 400 cowpeas then each cowpea was held to
have been coated with three egg equivalents of marker.
This does not mean, however, that a female beetle would
react to such a cowpea as it would to a cowpea with three
eggs on 1t because cerlain components of thoe marking
pheromone may be not be dissolved, some of the marker
would have been lost on the sides of the glass containers
during the evaporation process and there was no physical
presence of eggs; it is merely a way of estimaling the

strength of the marker,

Control cowpeas were also prepared, in a similar
manner, by pouring acetone only onto them and evaporating
+this off in the rotary evaporator. Marked and control

cowpeas were always prepared on the same day.

Marked cowpeas without choice; for 6 days

Egg marker was evaporated onto 400 conditioned
cowpeas so that each cowpea was coated with marker
equivalent to 3.75 eggs. 400 control cowpeas were also

prepared,



40 marked cowpeas were placed in each of ten glass
tubes. 40 control cowpeas were placaed in each of an
additiconal ten glass tubes and finally ten more tubes
were preparad eachicontaining 10 fresh, conditioned but
untreated cowpeas (ordinary cowpeas). All three smets of
tubes were then pladed in the CTH room for three days to
allow their temperalure and moisture contenl to stabilise
(in later experiments this period was reduced to
overnight because the moisture content was not felt to be
critical and the production of adults from the cowpeas

was not ilnvestigated).

A newly emerged and mated Campinas pair was placed

ft

1]

in each of the thirty tubes. These beetles were 1
undisturbed for ¢ days before they were removed. A week

later the eggs were counted and egg hatching was noted.

Eqq laving by females on marked cowpeas only;

al

or 12, 24 and 48 hours

Egg marker was evaporated onto 300 conditioned
cowpeas to produce individual cowpeas coated with marker
equivalent to 4.4 eggs per cowpea. 300 control cowpeas

were also prepared.

10 marked cowpeas were placed in each of 30 glass
tubes and 10 control cowpeas were plaéed in each of a
further 30 glass tubes. The 60 tubes were léft in the
CTH room overnight to allow the temperature of the
cowpeas to stabi]isc. The following morning a newly
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emerged and mated Campinas pair was placed on the cowpeas

in each of the tubes.

Beetles were removed from ten tubes containing
marked cowpeas and from ten tubes containing control
cowpeas aftexr 12, 24 and 18 hours. Since the heetles
were left on the cowpeaas for a maxinum of two days, only
10 cowpeas were necessary to prevent suppression of egg
laying due to a lack of oviposition sites. The cowpeas
werg left for a week to allow the eggs to hatch, after

which the eggs were counted and hatching noted.

Choice chamber experiment

A control cxperiment was designed to test whether
there was any bias in the choice chambers or method of
collecting the egqg marker which might affect the results

of experiments.

500 glass beads were cleaned as usual with detergent
("Teepol", BDIH Chemicals Ltd, Poole, England) and then
chromic acid. They were then thoroughly washed in
distilled water and dried. 250 ml of acetonc was poured
onto the beads for ten minutes and then decanted, the
heads were then rinsed in a furthexr 50 ml of acetone
which was added to the original 250 ml. The acetone was
then poured onto 400 cowpeas and evaporated to coalt the
cowpeas in any residue left by the cleaning process; 400

control cowpeas were also prepared using acetone alone,



10 of the 'residue‘~coated cowpeas were placed in
each of gquadrants 1 and 3 of twenty cholce chambers and
10 control cowpeas were placed in ecach of quadrants 2 and
4 of the same choiéc chambers. The choice chambers were
placed in the CTH room overnight and the following
morning a newly emerged and mated Campinas pair was
placed in cach. The beetles were left for twenty-four
hours and then removed. The egys were counted a week

later and hatching noted.

After the control experiment was completed
experiments with cgg markers were carried out. Egg
marker was evaporated onto 400 conditioned cowpeas to
give individual cowpeas coaled with cgg marker equivalent
to 3.6 eggs. In addition 400 control (unmarked) cowpeas

were prepared.

10 ﬁarked cowpeas were placed in éach of quadrants 1
and 3 and 10 control cowpeas were placed in each of
quadrants 2 and 4. This gave twenty choice chambers
offering a choice between 20 marked and 20 control
cowpeas. The choice chambers were then placed in the CTH

room overnight.

A newly emerged and mated Campinas paix was placed
in cach of the choice chambers. The beetles were left
for 24 hours after which they were removed and discarded.
- The cowpeas were left for a week to allow Lhe eggs Lo
hatch and then the numbers of eggs on the control and on
the marked cowpeas were counted. Egg hatching was also
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noted. Where no eggs were laid the result was ignored
since this provided no information aboul a female's
choice belween the two sets of cowpeas (this happened

rarely).

Marked and control cowpeas intermingled

Lgg marker was evaporated onto 400 conditioned
cowpeas to give individual cowpeas coated with marker
equivalent to 2.56 eyggs per cowpea. 400 control cowpeas

were also prepared.

Individual cowpeas were then labelled with red
water-soluble ink. Every marked cowpea was labelled with
a short, thin line near they eye of the cowpea and every
control cowpea was labelled with a similar ghort mark
near the kecel of the cowpea (the terms for positions on
the cowpea are those uscd by Nwanze, Horber & Pltts,
1975). Carc was taken to‘avoid any cross-contamination

between marked and control cowpeas durinhg labelling.

Twenly marked and twenty control cowpeas were placed
together in each of twenty undivided plastic Petri
dishes. The cowpeas were randomly distributed in the
Petri dishes so that, for instance, a marked cowpea may
have been next to other marked cowpeas or control
cowpeas. RPecause there was plenty of room for forty
cowpeas in the Petri dishes they rarvely touched but this
was not prevented when they did. The Petri dishes were
then left in the CTH room overnight.
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The following morning a newly emerged and mated
Campinas pair was placed in each Petri dish. The beetles
were left for twenty-four hours after which they were
removed and discarded. The cowpeas were left in the CTH
room for one week, the eggs were then counted and egg

hatching was noted.

Results

Marked cowpeas without choice for 6 days

The total numbers of eggs laid on the marked
cowpeas, the control cowpeas and the ordinary cowpeas are
shown in Fig. 6.2. An analysis of variance of these
results is shown in Table 6.1 along with an a-priori test
hetween ce¢gg laying totals on marked and control cowpeas.

There was no significant difference between the nunmbers

of eggs laid on the marked and control cowpeas.

A comparison of the ratio of mean crowding of eggs
on control and on marked cowpeas, using the Mann-Whitney
U-test, showed a significant difference (p < 0.01) in the
distribution of egygs on the marked and control cowpeas.
The distribution of eggs on the control cowpeas tended
towards uniformity (mean crowding/mean = 0.878) whilst
that of eggs on the marked cowpeas was slightly

aggregated (mean crvowding/mean = 1.114).
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