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ABSTRACT

Lucy A. Birkinshaw 1998: Mate choice in Prostephanus truncatus (Horn)
(Coleoptera: Bostrichidae): The role of male-produced aggregation pheromone.

Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae) is a destructive pest
of stored maize and cassava that has recently been accidentally introduced into tropical
Africa. Males produce an aggregation pheromone when on food, that attracts dispersing
males and females. P. truncatus aggregation pheromone is being used to monitor the
spread of P.truncatus (Larger Grain Borer) across Africa. The biological function of this
pheromone is controversial. This thesis investigates the role of aggregation pheromone in
mate choice in P. truncatus.

The literature on Coleopteran aggregation pheromones was reviewed, with
particular reference to the possible adaptive functions of aggregation pheromones.

Variation in Prostephanus truncatus aggregation-pheromone signalling was
detected. Conspecifics can detect these differences and are preferentially attracted to some
males more than others. Both males and females ‘agree’ which males are most attractive
(shown in a laboratory bioassay and in trapping experiments in the field). Females also
discriminate between potential mates on contact by a stylised pushing behaviour. Some
males consistently secure more matings than others when two males are presented at once
to a female. Discrimination between males mediated on contact through pushing is not
influenced by the male’s aggregation pheromone signal (both natural variation and
manipulation of the pheromone signal were studied).

Observation of adult beetles in an artificial host sandwiched between two glass
plates revealed that males and females pair up, and cohabit within the same tunnel system.
Pairs mate multiply (up to 20 times per 12 hours) and dissection of recently mated females
revealed that males deliver an oversized ejaculate (approx. 50 000 sperm) as an oval
spermatophore. Male investment in ejaculate was not found to be influenced by male
crowding or the presence of Female Factor (an involatile pheromone produced by females,
which can trigger aggregation pheromone shut down in males).

These results are discussed in the context of sexual-selection theory and also
with reference to the Integrated Pest Management of this insect.
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Fig. 1: Adult Prostephanus truncatus (length 2.5-4.5mm), and larva
(reproduced from GASGA/ CTA technical leaflet No.l (1993)).
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CHAPTER 1: INTRODUCTION

1.1 THE INSECT

1.1.1 Pest status in Africa

Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae) is a destructive pest
of stored maize and cassava that has recently been accidentally introduced into tropical
Africa. Its presence was first officially confirmed in the Tabora region of Tanzania in the
early 1980’s (Cross, 1985). Since this time it has spread across six countries in the east of
Africa and what is thought to be a second introduction (Vazquez-Arista, 1997), now
covering at least seven West African countries has radiated from Togo (Scholz, 1997). P.
truncatus has most likely arrived in totally new locations by hitching a ride in grain
shipments. Local ranges are also spreading with time, presumably via insect dispersal by
flight (Fadamiro, 1995). Prostephanus truncatus originates from Mexico and Central
America where it is known only as a pest of stored maize.

The biology and pest status of Prostephanus truncatus are reviewed in detail in
Markham, Wright and Rios Ibarra (1991) and Hodges (1986; 1994). Recent reviews are
included in Fadamiro (1995) and Scholz (1997), therefore only the most relevant details are
given here. Larger Grain Borer is the most widely used common name for Prostephanus.
truncatus in the scientific literature, and LGB will be the abbreviated form used throughout
this thesis.

Most of the damage caused by LGB is from the tunnelling activity of adults and
larvae rather than actual consumption of the host. At its worst P.truncatus reduced yields
by up to 34% weight loss in a 3-6 month storage period (Hodges ez al., 1983, quoted in
Hodges, 1986). Patches of high level damage are in part a consequence of the aggregation
behaviour of Prostephanus truncatus. It was noticed early on that, although one store may
become seriously infested, neighbouring stores, presumably equally suitable as hosts,
would remain untouched. This phenomenon has since been attributed to a system of
aggregation pheromone communication in LGB. Males that locate a suitable host produce a
volatile chemical signal that is attractive to both sexes. Aggregation on food hosts has most
certainly been key to the creation of conflict between the interests of man and insect and will
be the focus of this study.

1.1.2 Life history
LGB is a fairly small beetle, typical of many stored product pests (approx.

adult length= 3-5mm, width= 1-1.5mm, fresh weight= 2.5-4.5mg). Stored-product pests
commonly fall into one of two life-history strategies: short adult life where many small eggs
are produced in a short period of time; long adult life with an extended reproductive period,
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where a few fairly large offspring are produced at a constant rate (Burkholder and Ma,
1985). LGB falls into the second category (Li, 1988).

If a suitable host is available a female can consistently lay an average of four
eggs per day pausing only to construct new tunnels (Nyakunga, 1982, quoted in Hodges,
1986). Mean lifetime-fecundity estimates vary but a figure of 430 eggs is given by Bell and
Watters (1982) (quoted in Fadamiro, 1995 for LGB cultured on maize). Egg production
peaks at about three weeks after emergence and declines slowly from then on until death
(see Bell and Watters, 1982, quoted in Fadamiro, 1995). Both males and females will mate
multiply in the laboratory (pers. obs.) and females require at least three matings spaced
approximately one month apart to maximise the number of viable offspring she can produce
(Li, 1988).

When LGB is reared on maize under laboratory conditions of 32°C and 80%

r.h., small clutches of about eight eggs develop at the end of blind ending tunnels bored
into the host and hatch into cream coloured larvae after about five days (Li, 1988). Larvae
pass through three instars (possibly five instars see Ramirez, 1990, quoted in Markham et
al., 1991) and metamorphose into pupae after about three weeks. Pupae are often
surrounded by a thin-walled, closed cylindrical case in part constructed of flour. Beetles
remain as pupae for about four to five days, then hatch into lightly sclerotised adults. These
newly hatched adults are relatively inactive for their first few days, reach sexual maturity
after 4-5 days and are reproductively active for the remainder of their life span. LGB adults
live for about three to four months under ideal laboratory conditions.

1.1.3 Host range

Not surprisingly, diet greatly influences many life-history characters of this
beetle. This is an important consideration since LGB is not constrained to one host and has
been found breeding in plant species of different plant families. The life history described
above is based on studies of LGB on maize, currently its main host in the stored-product
environment. It is likely that LGB’s ancestors were woodborers as Bostrichids are
generally wood boring in habit (Fisher, 1950). Indeed, LGB has been reared in the
laboratory on the wood taken from trees of the Anacardiaceae, Burseraceae, Euphorbiaceae
and Leguminosae (Helbig and Schulz, 1994; Nang’ayo et al., 1993, quoted in Fadamiro,
1995).

One mystery is the difficulty in locating LGB in wood in the field. LGB has yet
to be found living and breeding in wood in the wild except when it tunnels into grain-store
structures. A considerable population away from cultivation has been demonstrated (Rees et
al., 1990, in woodland areas of Mexico; and Nang’ayo et al ., 1993, in Tsavo national
park, Kenya - all quoted in Fadamiro, 1995). Traps baited with artificially produced
aggregation pheromone were found to attract LGB just minutes after they were set up in

2
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areas many kilometres away from the nearest known source of maize (Hodges pers. comm.
in a bush area in Kenya.). Large aggregations of beetles have never been found naturally
occurring in a wood host despite considerable effort to identify such populations (Hodges
pers. comm.). This contrasts with the large aggregations of beetles that may be found in
food stores. It may be the case that large aggregations are a feature only of the stored-
product environment where food only becomes limiting only for very large populations, or
perhaps the location of aggregations in wood remains to be discovered. Ramirez et al .,
(1991), quoted in Markham et al., (1991), suggested that LGB inhabits the drying out ends
of dead branches and twigs as a host, possibly those recently killed by the action of
Cerambycid beetles. This is compatible with the theory that LGB is particularly well suited
to outcompeting other species in relatively dry conditions (Howard, 1983; Markham et al.,
1991).

1.1.4 Research emphasis to date

Much research effort has addressed the aim of damage limitation of this pest.
The main challenge has been to devise solutions that are practical and acceptable to small
scale farmers, and to provide this information through a network of extension workers. It is
unlikely that Prostephanus truncatus will be eliminated from Africa, but the devastation of
its initial introduction need not be repeated. A truly Integrated Pest Management approach
has been employed against LGB. Maize variety, storage practices, use of pesticides, use of
inert admixes, and biological control, are all factors that have been considered in an effort to
limit LGB damage. For example, Teretriosoma nigrescens (Histeridae) is a predatory
beetle found naturally in the American continent, which feeds on LGB larvae. Since it was
first isolated in infested maize at Reading University in the late 1970’s (Howard, 1983), it
has been studied as a potential biocontrol agent. Teretriosoma nigrescens is attracted to the
aggregation pheromone of LGB and uses this signal to locate its prey. T. nigrescens has
now been released in both East and West Africa as part of a biocontrol program against
LGB (Boeye et al., 1994).

Two components of LGB aggregation pheromone have been identified and
given the trivial names of Trunc-call 1 and Trunc-call 2, (hereafter referred to as T1 and
T2). T1 is 1-methylethyl(E)-2-methyl-2-pentenoate and T2 is 1-methylethyl(E,E)-2,4-
dimethyl-2,4-heptadienoate. These components can be manufactured by man and are used
to bait pheromone traps that have been successfully used to study LGB biology and to
monitor the spread of LGB (Hodges, 1986). Initially pheromone-baited traps were
employed in store to provide an early warning of LGB infestation. Unfortunately, once
LGB tunnel into a suitable host, they become relatively unresponsive to aggregation
pheromone. Regrettably these traps tended to attract the dispersing population around the
store instead of the population already within store, and thus they probably promoted
infestation of the store (Pike, 1993). It is now recommended that pheromone traps for
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monitoring be placed at least 100m away from any stores (Hodges and Pike, 1995). The
occurrence and spread of T.nigrescens has been monitored using these pheromone traps
(Markham et al., 1994).

Host-plant volatiles are often used to increase the efficiency of aggregation-
pheromone traps for other pest species, as they can also be attractive and indeed act
synergistically with pheromone lures (see chapter 2). So far this has not been found to be
the case in LGB. As yet, no strong directional response to plant volatiles from a distance
has been observed (Fadamiro, 1995; Scholz et al., 1997b) although some short range
arrestant activity has been demonstrated for maize and cassava (Pike et al., 1994). For
general reviews of the use of pheromones as tools in stored product pest management see
Phillips (1994), and Chambers (1990).

Semiochemicals have so far fulfilled only part of the initial vision for their
application as a tool in pest management (Silverstein, 1990). It is fair to say that the main
successes have been realised in monitoring and the other main potential application, mating
disruption, has been relatively ineffective. Lack of understanding of the natural functioning
of semiochemicals has been highlighted as the main shortcoming of programmes utilising
these biological signals. The work presented here is a study of the reproductive biology of
Prostephanus truncatus with particular reference to the possible evolutionary advantages of
aggregation pheromone signalling. Aggregation pheromone signals (those that attract both
sexes) are a common feature of pest species so insights gained in this study are potentially
applicable to other systems of economic importance.

1.2 STARTING HYPOTHESIS

This thesis starts with the hypothesis that males signal to attract mates. A
corollary is that other males attracted are exploiting the signaller and represent a cost of
signalling through increased competition for mates. The finding that only males signal
using this pheromone was influential in the formulation of the hypothesis that Prostephanus
truncatus aggregation pheromone serves a sexual function, first formally proposed in print
by Hodges (1994). This idea was aired at a meeting in 1984 (Group for Assistance on
Systems relating to Grain After harvest (GASGA), 1984) (R.H. Smith, pers. comm.), and
its development was in part inspired by the discovery that males decrease their pheromone
signal in response to an involatile chemical produced by females but not males (Smith,
1996).

The main critic of this theory so far has been Dr.H.Y.Fadamiro (see Fadamiro,
1995). Fadamiro suggests that the pheromone shut down in response to females is a
general response to overall population density and not necessarily a response specifically to
the presence of a potential mate. Fadamiro’s work has focused mainly on the flight
behaviour of LGB. He consistently found no sex-specific differences in response to
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aggregation-pheromone signals and concluded that aggregation pheromone was more likely
to function as, ‘a suitable resource location and colonisation signal’, (Fadamiro, 1995); this
may be a fair description of part of the motivation that leads beetles to respond to the signal,
however surely any functional explanation for the existence of a signal needs to address the
question, why do males signal in the first place?

1.3 SEXUAL SELECTION

Sexual selection is defined by Darwin as, “The advantage which certain
individuals have over others of the same sex and species solely in respect of reproduction”,
(Darwin, 1871). It is quite common for one of the sexes of a species to be more
ornamented (either visually, chemically, structurally, or acoustically) than the other and
such ornamentation is often attributed to sexual selection (Cronin, 1991; Andersson, 1994,
chapter 8 this thesis). Classic examples include the elaborate Peacock’s tail and the large
antlers of male deer. Perhaps aggregation pheromone signalling in male LGB owes its
origins and/or current maintenance to similar processes that have produced these other
ornaments?

Two of the earliest mechanisms proposed to result in sexual selection were
female choice (inter-sexual selection) and male contests (intra-sexual selection). More
recently scramble competition (favouring the first males to locate mates) and endurance
rivalry (favouring males who are able to remain reproductively active for an extended
period of time) have been added to the list (Andersson, 1994). The ‘battlefield’ on which
relative male reproductive success through sexual selection is determined has extended to
competition between ejaculates within the female reproductive tract (Parker, 1970).
Historically, females tended to be viewed as passive commodities that males strive to
obtain. Females are now recognised to be far more pro-active determinants of relative male
reproductive success (Eberhard, 1996; Wirtz, 1997). Determining parts of the complex
whole of sexual selection in any one species is a daunting, yet rewarding task. See Cronin
(1991) for a comprehensive review of sexual-selection theory.

1.3.1 Low sexual dimorphism of LGB external morphology

Current morphology can hint at past selection pressures. Externally, adult
Prostephanus truncatus are not strikingly dimorphic in form. The relative difficulty in
sexing this species pays testament to the lack of sex-specific structures, although means of
continuously variable features are different (sex specific body size and size and shape of a
pair of bumps on the head for instance (Shires and McCarthy, 1976)). The horns of male
stag beetles, and the longer antennae and bristles on the legs of males of some
Monochamous species of the Cerambycidae are two examples of features that warrant
more investigation for their possible role in sexual selection (see Hughes, 1981 for study of
a Monochamous species). Females are often larger than males in invertebrates (Andersson,
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1994). Higher fecundity with increased size of female and better manouvrability used in
mate acquisition with decreasing size for males are cited as two possible explanations for
this difference. Shires and McCarthy’s method for sexing LGB is based on the fact that
females generally have more prominent clypeal tubercules (bumps on the head), which are
spaced further apart in females than males (Shires and McCarthy, 1976). The function of
these bumps is unknown. Perhaps these protrusions are useful during aggressive
encounters. It will be noted in chapter 6 that females are generally more aggressive than
males and appear to use pushing behaviour to choose between mates. Such ‘rejection’
hypothesis for traits that are more elaborate in females than males where no reversed sex
role is inferred are discussed briefly in Andersson (chapter 13, 1994). Boring insects such
as LGB may be particularly constrained against possessing elaborate external features since
they could impede tunnelling.

In this study I will look across the spectrum of possible determinants of male-
fertilization success in LGB to determine the consequences of male aggregation pheromone
signalling. The response of both males and females to different aggregation pheromone
signals is perhaps the first sieve in the behavioural sequence that determines mating
success. The question of whether males can bypass this sieve and cheat has been addressed
by considering the next possible sieves, behaviour on contact (both between the sexes and
between males) and processes within the female tract. Practically nothing was known about
the reproductive biology of this insect, so initially a huge range of determinants of mating
success were possible. This study presents new findings on all levels of the reproductive
biology of this species, from which it is hoped that more accurate hypotheses can be
derived in the future.

1.4 SUMMARY OF CHAPTERS

The idea that aggregation pheromone signals are exploited sex pheromone
signals was first investigated by a review of the available literature on Coleopteran
aggregation pheromones in chapter 2, where the main rival theory, that of a food
conditioning benefit, is also discussed. Chapters 3-7 deal more specifically with
Prostephanus truncatus. Basic patterns of signalling and response are presented in chapter
3, a mandatory prerequisite to a more in-depth study. Chapters 4 and 5 demonstrate that
considerable variation exists between male aggregation pheromone signals both in a
laboratory bioassay and in trapping trials in the field. This variation is perceived by
conspecifics who ‘agree’ which signals are the most attractive, therefore females may mate
non-randomly on the basis of this pheromone signal. The courtship behaviour of
Prostephanus truncatus is described in chapter 6. On contact, females continue to
discriminate between males by aggressively pushing potential suitors away. In common
with the preferences shown to different pheromone signals, different males were ranked in
the same order by different females. The relationship between success in attracting females
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by signalling and success in physical courtship was then tested. Natural variation in both
traits revealed no consistent relationship between these two possible components of mate
choice. The pheromone signal was then manipulated to show conclusively that this signal is
not a determinant of courtship preferences. Behaviour of adults within an artificial plant
host, recorded using time-lapse photography is also reported in chapter 6. The potential for
sperm competition in LGB is evaluated in chapter 7 along with some assessment of male
ejaculate investment in differing sociosexual environments. Lastly (in chapter 8), the resuits
are discussed in the context of sexual selection theory and also with reference to the
continuing pest management of LGB.

1.5 GENERAL MATERIALS AND METHODS

1.5.1 Source of insects

All insects used were originally collected from Tanzania in the 1980’s unless
otherwise stated. These insects were provided by the Natural Resources Institute (NRI) and
were maintained on maize for 2-3 years at Reading University and then a further 3 years at
Leicester University, prior to the start of this st