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ABSTRACT

The influence of age on the mating behaviour of Chilo partellus (Swinhoe)
was investigated. The observations on the behaviour of 0-, 1-, and 3-day-old moths
were carried out to ascertain if any changes occurred relative to age in
attractiveness of the females and in the responsiveness of the males. The results
showed that males were more attracted to 0-day old females than to 3-day old ones.
No difference in attractiveness was found between 0- and 1-day old females. 0-day
old males were found to have a significantly lower responsiveness to the females
than both 1- and 3-day old ones. However, although 3-day old males were more

responsive than 1-day old ones, this difference was not found to be significant.

Observations of the mating behaviour of the moths showed that there were
quantitative differences in the behaviour of 0-day old males and 3-day old ones.
0-day old males were found to spend the largest proportion of the time passive and
only very few of them copulated by the end of the observation period. On the other
hand, 3-day old males spent a relatively smaller proportion of the time passive and
most of them had mated by the end of the observation period. No significant
differences were detected between the behaviour of the laboratory reared and the

field collected insects.
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The effect of proximity of release points of the two pheromone components
(Z)-11-hexadecenal and (Z)-11-hexadecen-1-ol of the female moth were
investigated. Separating the dispensers of the two components by a mere 3cm
resulted in a significant change in the male behaviour and a decrease in the bait
performance as compared to the dispensers with the two components dispensed

close to each other.

A study to establish the effect of polyvinyl chloride (PVC) on the response
of the male C. partellus to the synthetic blend of the sex pheromone of the female
showed that PVC does not inhibit male response to the pheromone. It was found,
however, that the PVC dispenser loaded with the alcohol was inferior in its
performance to the filter paper dispenser loaded with the same and this could

possibly be attributed to a lower release rate of the alcohol by PVC.



CHAPTER ONE

1:0 INTRODUCTION AND LITERATURE REVIEW

1:1 Pheromones

A pheromone is a substance that is secreted by an organism to the outside
and causes a specific reaction in a receiving organism of the same species. Sex
pheromones are the most widely documented types of pheromones and they may
be produced by females or by males or both sexes according to species. Thus both
sexes may contribute to the chemical communication involved in mating. In many
cases different pheromone components are responsible for the principle

behavioural phases of mate location and courtship (Carde' et al., 1975).

1:1:1 Sex pheromone perception in moths

The perception of most of the sex pheromones studied to date is mainly by
means of olfaction (Kaissling ,1971). The main site of olfactory receptors in
Lepidoptera is on the antennae and the sensilla responsive to pheromones are the
sensilla trichodea (olfactory hairs) (Waldow, 1970). Most moths are extremely
sensitive to olfactory stimuli as has been demonstrated in the silk moth ( Kaissling

and Priesner, 1970; Schneider, 1970; Steinbrecht, 1970).
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However, a mere knowledge of the potential capacities of sense organs
cannot guarantee the actual complex of stimuli responsible for the release of a
reaction. This is because an animal does not react to all the changes in the
environment which its sense organs can receive, but only to a small part of them
(Tinbergen, 1936¢; Tinbergen, 1942; Lack, 1943) and is a basic property of
instinctive behaviour. Instinctive behaviour is caused by the fact that an animal
responds "blindly" to only part of the total environmental situation and neglects
other parts, although its sense organs would be perfectly able to receive them
(Tinbergen,1969). The female sex pheromone is often such an important stimulus
for premating behaviour that the remainder of the female's body is not necessary
at all as in the case of the male cabbage looper moth (Ignoffo et al., 1963). This
illustrates a classical example of an instinctive reaction whereby the moth responds
to only a few stimuli (in this case chemical stimuli) and the greater part of the
environment has little or no influence to the insect although it may have the sensory

equipment for receiving numerous details (Tinbergen , 1969).

1:1:2 Hierarchies of sex pheromone behaviour

The release of sex pheromone by females of many species elicits in the
conspecific male a hierarchic sequence of behavioural steps. These include
activation of the resting males, orientation of males in locating the source of

pheromone and an often complicated series of behavioural responses at short
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range in the presence of the female which usually lead to copulation (Colwell et al.,

1978; Ostaff et al., 1974, Hirai, 1977, Bartell, 1977; Bartell and Shorey, 1969:

Daterman, 1972; Fatzinger, 1973; Shorey, 1974; Hegdekar and Dondale, 1969).

Studies on the dependence of behaviour on sensory stimuli have revealed
that many behavioural reactions are in reality a chain of separate reactions, each
of which is dependent on a special set of sign stimuli (von Frish , 1927; Tinbergen,
1935; 1942). According to Tinbergen (1969), this scenario is characteristic of most
mating behaviour. Such a chain character of a response is susceptible to a sudden
break during its progress and this could only be prevented by presenting a new

stimulus situation of the special kind required at the right instant (Tinbergen, 1969).

Therefore the behavioural reactions displayed must occur in such a way that
the sequence correctly culminates in a male locating and copulating with a femaile.
These behavioural steps have been found to follow a fixed succession (Ignofo et
al., 1963; Shorey, 1964; Shorey and Gaston, 1970; Gothif and Shorey, 1975), and
it is possible that the completion of one step serves in part as a stimulus for
initiation of the next. Each step may require a higher pheromone concentration for
its release than did the previous one (Bartell and Shorey, 1969; Shorey and
Gaston, 1970; Daterman, 1972; Farkas and Shorey, 1974) and since some of the

steps occur while the male is moving towards the female, he automatically becomes
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exposed to a higher pheromone concentration and thus becomes primed for the

next step (Bartell and Shorey, 1969).

1:1:3 Sex pheromone mediated orientation behaviour in moths

Male moths have been observed to vibrate their wings when exposed to sex
pheromone and this behaviour has been highly associated with attraction (Islam &
Alam, 1979; Baker & Carde', 1979). This behaviour probably aids in gradient
detection. For a moth to locate a pheromone odour source found many metres or
kilometres away it must be stimulated by the odour to orient its body into the air and
thus approach the odour source (Shorey, 1973; Farkas and Shorey, 1972; Kennedy
and Marsh, 1974; Marsh et al., 1978). Such an orientation made with respect to the

direction of air flow is known as anemotaxis.

When moving air sweeps past a source of pheromone , an elongate cloud
or plume of odour molecules is produced on the downwind side. The pheromone
plume is not uniform and linear but is disrupted and filamentous consisting of pulses
of high and low pheromone densities (Murlis and Jones, 1981). Due to the
disrupted nature of the aerial odour trail, flying moths easily lose contact with the
trail from time to time (Shorey, 1976). A flying moth must therefore be in a position
to make corrective steering movements along the aerial pheromone plume if it is
going to arrive at the source of the odour (Kennedy and Marsh, 1974; Kennedy,

1983).




The movement of moths flying along aerial trials of pheromone often consists
of a sequence of sinusoidal or zigzag oscillations in a lateral plane (Marsh et al.
1978; Berisford and Brady, 1972; Brown 1972; Farkas and Shorey, 1972; Hidaka,
1972; Hendry et al., 1973). It is proposed that the moth senses when it is diverging
laterally from the highest average pheromone concentration found near the central
axis of the trail and is entering the lower concentrations near the boundaries of the
active space and therefore turns back towards the higher concentration. This is a

chemotactic mechanism which might continuously reorient the moth towards the

trail's central axis (Farkas and Shorey, 1972; 1973; Kennedy, 1983).

Apart from triggering anemotaxis and probably chemotaxis , sex pheromones
have been found to directly influence the movements of flying moths by altering the
frequency and angular magnitude of zigzags (Kennedy, 1982; Kennedy et al., 1980;
Baker and Kuenen, 1982; Kuenen and Baker, 1983). Unlike Farkas and Shorey
(1972) who proposed that all turns were steered with respect to pheromone
gradients (a type of direct reaction to odour gradient), Baker and Kuenen (1982 ;
Kuenen and Baker , 1983) invoked the concept of self steering (Kennedy 1978;
1983). These authors proposed that pheromone stimulation initiates and maintains
a programme of movements, which may be regular "zigags" or counter-turns (Bell
and Tobin, 1982; Kennedy, 1983). These movements are self—steered because

they are a part of a "programme" originating from within the moth (Kennedy, 1978;
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-~ 1983) and are described as indirect reactions to odour (Kennedy, 1978; Bell and

~ Tobin, 1982).

1:1:4 Sex pheromone mediated short-range behaviour in moths

As a moth approaches the pheromone source , it encounters a progressively
higher average molecular concentration. It has been proposed that at a very short
range (probably within a few centimetres of pheromone emitting female), the high
pheromone concentration may stimulate a male moth to visually orient to the
female's image (Hutt and White, 1977; Castrovillo and Carde', 1979; Carde, 1981;
Elkinton and Carde', 1984; Farkas and Shorey 1972; Shorey and Gaston, 1970;
Hidaka , 1972 ; Daterman , 1972). The pheromone is often essential for this
behaviour, and males of some species do not appear to observe a nearby female

at all if they are not stimulated by the appropriate odour (Farkas et al., 1974).

As the moving moth approaches a pheromone source it decreases the rate
of forward locomotion in relation to the increasing concentration of pheromone
perceived (Farkas and Shorey, 1974, Farkas et al., 1974). This has been explained
as being due to the fact that the Central Nervous System (CNS) receives less
action potential stirhulation from the receptors even though the pheromone
concentration has increased (Baker, 1985; Bakers and Haynes, 1989). It appears

that although the pheromone at low concentration may act as an initial stimulus to
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cause the moth to start moving along the odour trail, at high concentrations it acts

_— "

as a stimulus to inhibit locomotion (Bell et al., 1972; Borden, 1967; Farkas et al
1974). In some species certain chemicals ("aphrodisiacs") act at short range to

cause courtship and copulatory reactions (Birch , 1974 ; Butler , 1970).

1:2 Pheromones as tools for insect pest control

The interest in pheromones has greatly intensified, not only because of
public pressure for more selective methods of pest control, but also because
advances in the analytical techniques have enabled structural assignment to be
made to many pheromones. However, progress towards widespread practical use
of these compounds has been slower than expected mainly due to the difficulties
encountered in relation to understanding the biology of the insects and the use of

the pheromones in the field.

1:2:1 Monitoring and survey work

The most extensive use of pheromones has been associated with the
development of pest monitoring systems. The number of insects caught in
pheromone baited traps is used as an indicator of the presence of the pest or more
rarely as an estimate of population density (Arn, 1990). This has a major

disadvantage in that the trap catches of males must usually be interpreted in terms
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of females, thus adding to the complexity of the interpretation. For those insects in
which aggregation pheromones play an important role, traps containing synthetic
pheromones can be used to catch both sexes (Hardee et al., 1969; Levinson and
Levinson, 1973; Blight et al., 1984), thus providing a better opportunity for
successful monitoring. ‘Such aggregation pheromones are mainly found in
Coleoptera. This technique can be used to detect early infestations of an insect
pest, monitor established populations and assist in the timing of pesticide
applications in relation to the build up of populations to economic damaging levels.
Traps baited with sex pheromones have been used successfully for monitoring
certain lepidopterous pests (Klassen et al., 1982; Campion, 1984). The efficiency
of pheromone traps for monitoring populations of a few species of pyralid stem
borers have been investigated (Campion and Nesbitt, 1983; Durant _e_f_ al. , 1986;
Tatzuki, 1990). Pheromone traps have been reported to be more sensitive than
light traps for monitoring the rice stem borer Chilo suppressalis Walker (Tatzuki,

1990).

Monitoring populations of C. partellus has been based on destructive
sampling of the crop to determine the population density of the immature stages of
the pest (Warui and Kuria, 1983). This method is not suitable because it can be
used only after the occurrence of the pest damage. Therefore, pheromonal
monitoring method would be an ideal alternative. Trials with pheromone traps

baited with virgin females indicate that such traps can be useful tools for detecting
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the presence of C. partellus and monitoring flight phenology (Unnithan and Saxena,
1990). There is need to establish the mating behaviour of the moths in order to
obtain basic knowledge for designing and developing a durable slow-release

pheromone dispensing system for monitoring C. partellus populations in the field.

1:2:2 Mass trapping

Mass trapping involves using large numbers of pheromone traps to catch a
large proportion of the pest population. Insect pests are lured into an area of active
surface which could be a sticky trap, a surface treated with a toxicant, sterilant, or
pathogenic organism where they can be easily killed. Mass trapping has been used
successfully in controlling certain pests of stored products (Levinson and Levinson,
1979; Trematerra and Battami, 1987). In a moderate insect population it may
suppress the population below the economic damage level over some time. In this
way, it is possible to reduce the use of insecticides and thus the probability of

development of resistant strains of insects.

Mass trapping, however, has proved unsuccessful for a whole range of
lepidopteran and coleopteran pests (Campion, 1989). This method would be
ineffective where C. partellus occurs at high densities (Beever et al., 1990;
Unnithan and Saxena, 1990) and also at low densities since males may mate up
to six times (Unnithan and Paye, 1991). Mass trapping of stem-borers has been

ruled out as a practical control method (Campion and Nesbitt, 1983).
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1:2:3 Mating disruption

The use of pheromones for mating disruption is potentially a very powerful
tool in insect pest management. The technique is based on the premise that male
insects would be unable to locate females if the environment around the female is
permeated with sex pheromone (Jackson and Lewis, 1981; Cardé, 1990). This
would reduce the number of successful matings and thereby the subsequent

number of damaging larvae in the next generation and perhaps the number of

adults in future generations.

A univoltine pest with a limited mating period is particularly susceptible to
this type of control as the population has less time to recover and treatment is
necessary only for a limited period within the season. Mating disruption technique
would be best suited to low-density pest problems, since the likelihood of chance
encounters leading to mating is low. Since C. partellus is short lived, and fecundity
and egg viability are both reduced by a delay in mating (Unnithan and Paye, 1991),
this technique might be effective. However, the technique would fail to reduce pest
damage if mated females immigrated into the treated area as was observed in
Ostninia nubiialis (Hubner) (Buchi et al., 1981; Cordillot and Duelli, 1989) and Chilo

suppressalis Walker (Tanaka et al., 1987). In such situations, pheromones would

have to be applied at the mating site which for C. partellus appears to be the
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eclosion areas (field where the previous crop was maize and sorghum or wild grass
areas) (Pats, 1990; 1992). However, for effective control by mating disruption to be
achieved, large areas would have to be treated because of the moth's great
dispersal ability (Pats and Wiktelius, 1989) and large areas covered with wild
grasses acting as environmental reservoir for the pest and this is quite expensive.
The mating disruption of C. suppressalis (Walker) is so far the only instance of

successful commercial application of the technique to a pest of a cereal crop

(Casagrade, 1993).

1:3  Status of Chilo partellus as a pest

Among the forty one species of the genus Chilo known, twenty five of them,
including eighteen species which occur in Africa, infest cereals (Beever et al.,
1990). Larvae of all Chilo species are stem borers of graminaceous plants and

most species are oligophagus.

The spotted stem borer, Chilo partellus Swinhoe is a major pest of sorghum
and maize in both Southern Asia (Neupane, 1990) and Africa (Sithole, 1990).
Essentially, C. partellus is a pest in hot lowland areas and is seldom found abqve
an altitude of 1500m (Hiil, 1983). C. partellus is widely spread in Asia and is
probably indigenous to these areas. The pest has been recorded in Malawi

(Jepson, 1954), Uganda (Ingram, 1958) South Africa (van Hamburg ,1979),
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Ethiopia, Kenya, Mozambique, Somalia, Central Africa (C.A.B. , 1977a), Bostwana,
Swaziland and Zimbabwe (Sithole, 1989b) as well as in West Africa (IAPSC, 1985),

indicating a further Western extension in its distribution.

The main hosts of C. partellus are maize (Mohyuddin and Attique, 1978),
sugar cane, rice, wheat foxtail and finger millet. The wild grass species Sorghum
halepense (L.), S.verticillifforum (Stend.), Panicum maximum (Jacq.) and
Pennisetum purpuneum (K.) Schumach can act as alternative hosts (Ingram ,
1958). The survival of Chilo spp. in the dry season depends upon these grasses

(Wheatly, 1961).

Larvae feed actively on tender leaves but later bore into the stemé. In young
plants, larvae attack the growing point and cause dead hearts (Leuschner, 1990).
In older plants they bore into the main stems which subsequently are hollowed out
over a considerable length. Consequently, infested plants have stunted growth,
reduced yield and are more susceptible to wind damage and secondary infections.
An estimated loss of up to 50% of the harvest has been reported in both maize and

sorghum (reviewed in Seshu Reddy and Walker, 1990).

Chilo species are particularly difficult to control by the use of insecticides
largely because of the cryptic nocturnal habits of the adult moths, and the protection

afforded by the stem or cob of the host crop to the larvae (Singh and Rana, 1989).
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In addition insecticides are prohibitively expensive to the resource poor farmers and
cause serious pollution problems in the environment. Thus alternative control

methods that would overcome the drawbacks of insecticides are required.

Recent work at the International Center of Insect Physiology and Ecology
(ICIPE) has demonstrated the potential of pathogens, Bacillus thuringiensis and
Nosema spp., for controlling C. partellus (Brownbridge, 1991; Odindo, 1991).
However, these management options are not currently available to the farmer.
ICIPE and the Department of Entomology, Wageningen Agricultural University
(WAU) have jointly imported the larval parasitoid Cotesia flavipes Cameron from

Pakistan and its potential for regulating C. partellus is being evaluated.

C. partellus breeds continuously in the dry season on stubble and volunteer
tillers of sorghum (Ingram , 1958; Adeyemi, 1969). Intercropping of appropriate
crop combination of host and non-host plants and the destruction of crop residues
after harvest may decrease the abundance of Chilo (Ongwaro, 1983; Omolo and
Seshu Reddy, 1985b; Minja, 1990). Cultivars of maize and sorghum with partial
resistance to C. partellus have been identified (Dabrowski and Kidiavai, 1983,

Omolo, 1983; Seshu Reddy, 1983; 1985¢c; Ampofo et al., 1986).

It is unlikely that any of these various methods will be effective in reducing

stem borer populations to levels acceptable to man. However, success may
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ultimately be achieved by combining several tactics in an integrated approach.
Pheromones unlike insecticides are generally species specific and therefore
harmless to non-target organisms. However, lack of information on insect
behaviour, particularly the mating process has tended to be a major limiting factor
impairing the inclusion of pheromones into an Integrated Pest Management (IPM)
package. Therefore the need to study the nature of the mating behaviour of this
pest to establish how sex pheromones can be manipulated as part of an IPM

system is justified.
1:4 Reproductive behaviour of C. partellus

Majority of C. partellus males emerge within the first two hours of scotophase
(2000 to 0800 hrs.). The females emerge about five hours later (Kanaujia et al.,
1981; Pats, 1992). The asynchrony of eclosion times facilitates mating during the
first five hours of scotophase on the night of eclosion since the moths are ready to
mate soon after eclosion. Most mating occurs between the night of eclosion and

the second night after eclosion (Bughio et al., 1977; Kurmar and Saxena, 1985,

Unnithan, 1988; Pats, 1992).

There is evidence that parental age of moths influence the reproductive
potential and certain biological characteristics of the offspring (Unnitham and Paye,
1991). In C. partellus, oviposition is delayed or prevented in the absence of mating

while female longevity and preoviposition period are increased with delayed mating
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(Unnithan and Paye, 1991). However, longer lifespan in late mated females is not
accompanied by extended reproductive period. These authors observed that the
oviposition period , fecundity and egg fertility were significantly reduced with
delayed mating. Mating activity was high 1-2 days after eclosion, after then it was

inversely correlated to the moth's age.

It has been found that C. partellus females of different age categories emit
different amounts and ratios of pheromones (Lwande, ICIPE, pers. comm., 1993).
This implies that the signals emitted by the calling female are age dependent and
different in quality. Consequently, males of different age categories might respond

differently to these signals. Studies need to be conducted to verify these

hypotheses.

Availability of such knowledge will be of great value to researchers designing
and developing a pheromone dispenser for monitoring C. partellus populations.
Such knowledge will help establish the age of the female that the dispenser shall
mimick. The female age category that is most attractive to the males in terms of
behavioural signals will be the most desirable for mimicking. The knowledge of the
male age group that is most responsive to the females will be of great value in
making correct interpretation of catches since this would be the age group the
developed bait would trap. This knowledge would also be important to researchers
testing the response of male C. partellus to the dispensers of the female synthetic

sex pheromone since this would be the most desirable age to use.
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In C. suppressalis, Kanno and Sato (1975) reported decreased fecundity,
percentage of fertile eggs, hatching rate and survival rate of newly hatched larvae
with increasing maternal age. Decreased fecundity due to delayed mating has also
been found in Ephestia kuehniella (Z.) (Norris, 1933), E. cautella (W.) (Barrer,
1976), Heliothis virecens (F.) (Proshold et al., 1982), Pectinophora gossypiella
(Sounders) (Lingren et al., 1988) and Panolis flammea (Schiff.) where it also
resulted in reduced egg fertility (Leather et al., 1985). The marked reduction in the
reproductive potential as a result of delayed mating of the females suggests that
late mated females contribute least to the population of the next generation as
compared with earlier mated ones. This suggests a favourable outcome for control
techniques that reduce the chances of females being mated (Ellis and Steele,

1982).

According to Thornhill and Alcock (1983), the most common form of mating
system in all animals including insects is polygyny. These authors defined
polygyny as the mating system that results when some males copulate with more
than one female in a breeding season. Several workers have proposed that in the
course of evolution, there have been two conflicting extreme options for males; to
allocate limited supplies of time, energy and risk taking to: mating or parental effort
(Trivers, 1972; Low, 1978; Alexander and Borgia, 1979). Mate acquisition has
greater yields than parental behaviour because males have vast supply of sperm
for fertilizing many females each of which has a relatively small number of eggs.

Since females typically make a large parental investment per offspring, it is
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acceptable that a maie can rely on his mate’s investments in nutrients fbr the eggs
and other parental activities to produce viable offspring. Copulatory success then
is likely to be an accurate measure of genetic success for a male (Thornhill and
Alcock, 1983) and this possibly explains why males are generally more strongly

motivated than females to copulate.

The males of C. partellus are able to mate once per night for several nights
and the spermatophores transferred are all equally effective in producing fertile
eggs (Unnithan and Paye, 1991). According to these authors, a single
spermatophore, if received at the right age, is enough to fertilize eggs-throughout
the female’s lifespan and females rarely mate more than once. Such females are
said to be monogamous. Monogamy occurs when a male and a female have only
a single partner per breeding season (Thornhill and Alcock, 1983). These authors
postulate that there is generally nothing to be gained from mating more than once
from the female's perspective because her limited number of eggs can often be
fertilized by sperms received from a single male (Alcock et al., 1978; Walker, 1980).
Since males rarely offer anything other than sperm in return for the copulation,
females may mate simply to acquire sufficient gametes to fertilize their eggs, and
one mating usually suffices. For C. partellus, mated females are less attractive to
males in the field and therefore males are likely to mate with only unmated females

(Unnithan and Saxena, 1990; Unnithan and Paye, 1991).
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1:5 OBJECTIVES

The objectives of this study were:

1. To investigate the influence of age on the mating behaviour of C. partellus.

2. To compare the mating behaviour of C. partellus reared in the laboratory
with those collected from the field.

3. To investigate the effect of proximity of release points of a synthetic blend
of the female sex pheromone on the behaviour of male C. partellus.

4, To test for any inhibitory effect of polyvinyl chloride on the response of the

male C. partellus to the synthetic blend of the female sex pheromone.



21
CHAPTER TWO

2.0 General materials and methods

2:1  Rearing of the insects

Insects were obtained from ICIPE mass-reared colonies. Larvae were reared
on an artificial diet based on Roscoco bean powder (a variety of Phaseolus vulgaris
L.) and sorghum leaf powder (Ochieng et al., 1985). They were kept under natural
illumination (Light : Day = 12 : 12 hours) and held in a rearing room with
temperatures between 22-30° C and 55-80% relative humidity until they developed

to pupae. The colony was constantly renewed with insects collected from the field.

2:2  Field collection of pupae

Pupae were collected from growing maize stems in the Mtwapa érea on the
Kenya Coast and brought to the laboratory. They were separated by sex and held
in different cages, 15 by 15 by 20 cm, with a mosquito net fitting at the top to allow
free air circulation. Separation of the sexes was carried out at this stage in order
to prevent mating after moth emergence. The photoperiod was reversed ( 12 hrs
light, 12 hrs dark ) and the pupae were allowed to adjust to the reversed

photoperiod for a few days. On emergence, the moths were supplied with a vial
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containing cotton wool moistened with 5% sucrose solution. The moistened cotton

wool was changed daily.

2:3  Experimental conditions

All experiments were conducted in a dark room with temperatures ranging
between 20-22° C and a relative humidity of 50-60%. A red lamp of about 1.0 lux
intensity was used to allow observation of insects without interfering with their

normal behaviour.
2:4 Determination of moth age
The moths which emerged within a period less than 24 hours were

designated as day 0. Those which emerged within 24 hours (6.00-6.00) as day 1

and within the subsequent 6.00-6.00 period as day 2 and so forth.
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CHAPTER THREE

3:0 The influence of age on reproductive behaviour
3:1  The influence of age on the attractancy of the female and the

responsiveness of the male C. partellus moths.

3:1:1 Introduction

Studies show that the attractancy of the female to a male and the
responsiveness of a male to a calling female vary with age in some species of
moths. Shorey et al. (1968b) reported that the production of sex pheromone in the
pheromonal gland of the female moths of seven species of Noctuidae and its
subsequent release during calling depends upon age. Little information is available
on the effect of age on the mating behaviour in C. partellus. This study investigated

the effect of age on the sexual behaviour of both sexes of C. partellus.
3:1:2 Materials and methods

One-day- and three-day-old virgin calling female moths were each confined
in small cylindrical wire cages 8 cm long and 3 ¢cm in diameter. The cages were
placed parallel to each other 20 cm apart at the upwind end of an observation
chamber, 1 x 0.6 x 0.6 m. A one-day-old virgin male was released at the downwind

end of the chamber and its behaviour towards the two calling females observed for
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one hour. A three-day-old male was similarly treated. For the control experiment,
two empty wire mesh cages 3 cm in diameter and 8 cm long were placed 20 cm
apart but parallel to each other at the upwind end of the chamber. One-and
three-day-old males were each released separately at the downwind end and their

behaviour observed for one hour.

In another experiment a 0-day and a 1-day-old virgin calling females were
each confined to small cylindrical wire cages of the same size as described earlier.
0-, 1-, and 3-day-old males were each released separately at the downwind end of
the chamber. The behaviour of each male was observed for one hour. For the
control experiment, empty cages of the size described earlier were presented at the
upwind end of the chamber to the three different age categories of the males
separately. The behaviour of the male of each age category was observed for one
hour . The observations were carried out between the 8th and the 11th hour of the
scotophase because sexual activity peaks at this time (Pats, 1992). The position
of the caged females and the order of release of the males into the chémber were
systematically rotated. The observation of the male's behaviour towards the caged

females was repeated 20 times.

In each experiment the following parameters of the male's behaviour were

quantified:
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a. the number of times the male landed on each source;
b. time spent walking while wing fanning round the source;
c. time spent in flight round the source;

d. the number of times each source was located first.

3:1:3 Data analysis
95% confidence limits for the means was calculated. Chi-square test was
done to determine whether there was any difference in the number of times each

female of the given age category was located first by the male of the given age

category.

3:1:4 Resuits

Tables 1 and 2 show the response of various age categories of males to
various age categories of females. One-day-old males were more attracted to 1-
day-old females than to 3-day-old cnes. Similarly, 3-day-old males were more
attracted to 1-day old than 3-day old females (Table 1). One- and 3-day-old males
landed 11.55 £ 1.35 and 13.25 + 1.69 times respectively on cages in which1-day
old females were kept and this was a significantly higher number of times than on
3-day-old females (3.00 £ 0.41 and 3.65 + 0.70 respectively). These males spent
a significantly longer time fanning wings while walking and in flight round 1-day old
female cages than 3-day old ones (Table 1). However there was no significant

difference in response due to male age (X* = 0.78, df = 1 N.S.).
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Table 1: Effect of age on the attractiveness of the female and responsiveness of the male (One- and three-day-

old) Chilo partellus moths

Number of times male Time in seconds spent Time in seconds spentin Number of times
AGE landed on the source. fanning Wings. flight. Mean £+ S.E. the source
Male Female Mean + S.E Mean + S.E located first*
1 1 11.55 + 1.35b 656.76 + 72.28b 140.90 + 15.81b 15
1 3 3.00 £ 0.41a 85.85 + 17.39a 34.05 +5.38a 5
3 1 13.25 £ 1.69b 583.60 + 53.62b 145.35 £ 17.42b 19
3 3 3.65 + 0.70a 107.25 + 20.26a 43.00+7.67a 1

This data represent the actual number of times and not the averages (x*=0.78, df = 1, N.S))

Means within the same column followed by the same lelter are not significantly different at 5% significance level.
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No difference in attractiveness was observed between 0- and 1-day old
females (Table 2). Three-day-old males had a higher responsiveness to all the age
categories of females tested than 1-day old ones. When 3-day old males were
paired with 1-day-old female they fanned wings round the female for 278.55 + 19.34
sec. and when 1-day-old male was used, it fanned wings for 250.30 £ 14.65 sec.
Similarly, 3-day-old males flew round 1-day old females for 105.65 £ 8.19 sec while
1-day old males took 99.5 + 10.43 sec. These differences, however, were not found

to be significant (Table 2).

In contrast, there was a significant difference in response between 0-day old
males and both 1- and 3-day old ones (Table 2). O-day-old males landed on the
source for significantly fewer times (6.90 + 0.52) compared to both 1- and 3-day-old
males (11.15 £ 0.96 and 12.90 + 0.95 respectively) when paired with 0-day old

females. Similarly, these males spent less time fanning wings while walking and in

flight round the source (Table 2).



Table 2:

Effect of age on the attractiveness of the female and responsiveness of the male of (zero-, one- and

three-day old) Chilo partellus moths

AGE Number of times male Time in seconds spent Time in seconds spentin Number of times
landed on the source. fanning wings. flight. Mean £ S.E. the source
Male Female

Mean + S.E Mean + S.E located first*

0 0 6.90 + 0.52a 186.40 + 18.49a 64.95 +6.13a 11

0 1 6.75 £ 0.51a 179.30 + 18.49a 72.30 + 11.26ab 9

1 0 11.15 + 0.96b 284.45 + 15.77bc 167.75 + 9.57b 9

1 1 10.60 £ 1.10b 250.30 + 14.65b 99.50 + 10.43b 11

3 0 12.90 + 0.95b 342 + 26.54c 108.25+7.11b 13

3 1 11.80 £ 0.71b 278.55 £+ 19.34bc 105.65 + 8.19b 7

*

The data represent the actual number of times and not the averages (x> = 1.62, df = 2, N.S.)

Means within the same column followed by the same letter are not significantly different at 5% significance level.
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3:1:5 Discussion

The results strongly support the hypothesis that males are able to distinguish
between 1-and 3-day-old females. All the three age categories of males tested
were not able to distinguish between 0-and 1-day-old females. This implies that
both 0-and 1-day-old females may have been equally attractive to these males.
Newly emerged males showed a lower responsiveness to females than older ones.
This observation implies that newly emerged males would be the least attracted to
the lure of the pheromone trap. The observation that 0-and 1-day-old females were
more attractive than 3-day-old ones implies that the developed trap shouid
sufficiently resemble or mimic 0-and 1-day-old females in the composition and the

release rate of the pheromone.

Age specific responsiveness has been observed in other species of
Lepidoptera. In the true armyworm Pseudalentia unipunta (Haw.), the
responsiveness to different concentrations of the sex pheromone was lowest on the
day of emergence increasing up to day 5 and then declining on day 7 (Mcnell et al.,
1983). In Trichoplusia ni (Hbn.), newly emerged males are essentially
non-responsive and responsiveness increases rapidly through the age of 2.5 days
(Shorey et al., 1968b). In another species Epiphyas postvittana Waiker, peak
response to the sex pheromone was not attained until the 2nd night after moth

emergence then it remained at this plateau to the 10th night (Bartell and Shorey,



30

1969). In another species Zeadiatrea gradiosella (Dyar), the attractancy of females
was high on the night of emergence then dropped sharply after the fourth day. No
males were attracted to virgin females over 8 days old (Davis and Henderson,
1967). Banerjee (1969) reported that Crubus trisectus Walker and C. teterrellus
Zinken females were most attractive during the first 2-3 days of their life but their

attractiveness decreased with age.

Struble and Jacobson (1970) reported that virgin males of the red-backed
cutworm Euxoa ochrogaster Guene'e, were not responsive to the pheromone until
they were 5-9 days old. Perez and Long (1964) also reported that the females of
the sugar cane borer, Diatraea saccharalis (F.) were most attractive during their first
3 days of life after which attractiveness decreased with age. Outram (1971)
reported that males of Choritoneura fumiferana (Clem.) were least responsive to
females soon after emergence and most responsive when 2-4 days old while
females were most attractive when less than 0.5 day old then became progressively

less attractive with age.

Since in this study only three age categories of moths were used, further
investigations should be conducted using 4-day old moths and above to verify if

similar results could be obtained.
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3:2 The influence of age on the mating success in C. partellus

3:2:1 Introduction

Quantitative analysis of behaviour can be carried out in many different ways.
A set of discrete behavioural categories is usually formulated before the behaviour
is recorded on the computer compatible event recorder. This study investigated the
quantitative differences in mating behaviour of different combinations of females
and males of C. partellus of different age categories reared in the laboratory and

those newly collected from their natural environment.

3:2:2 Materials and methods

A female of the appropriate age category in calling position was selected and
placed in an observation chamber made of clear perspex measuring 50 x 50 x 50
cm. The chamber had mosquito net fittings at two opposite ends to allow free air
circulation. A petri-dish containing moist cotton wool was placed inside the
chamber to maintain humidity. A passive male of the appropriate age category was
released in the chamber and its behaviour observed and recorded on the computer
event recorder for thirty minutes at most. The following behavioural categories

were registrated:



A PASSIVE
This category covers the following male behaviours:
- sitting doing nothing

- cleaning antennae

B: ACTIVE
The category covers the following male behaviours:
- any movements greater than one centimetre

- all walking without fanning wings.

C: FANNING
The category covers:
- wing fanning while stationary with vigorous

antennal movements.

D: PRE-FLIGHT WALK

The category covers:

Walking while wing fanning before any flight has been undertaken.

E: FLIGHT

The category covers all forms of flight .

32
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i POST-FLIGHT WALK
The category covers:
All walking while fanning wings and touching the substratum

with the antennae after a flight period.

G: WALK ALONGSIDE FEMALE
The category covers:
Male walking while wing fanning alongside the female touching her with his

antennae.

H: CLASPING
The category covers:

The male bending his genitals towards the female ovipositor.

I: COPULATION

The category covers the act of coupling when the male turns 180°.

Observations were performed for four different combinations of age
categories 0-day-old male x 0O-day-old female (Om-0f); O-day-old male x
three-day-old female (Om-3f); three-day-old female x three-day-old male (3m-3f);

three-day-old male x 0-day-old female (3m-0f). All the O-day-old moths are
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hereafter referred to as young adults while the 3-day-old moths are referred to as
mature or old adults. A set of observations was made for both insects reared in the
laboratory and those collected from the field (Mtwapa region of the Kenya Coast).
The order of these observations was systematically rotated. Every day, four

observations were recorded, one for each combination of age category.

3:2:3 Recording of behaviour

A program for automated observation of insect behaviour (event recorder

program) (Lux, 1989; 1990) was used for recording of behaviour (data collection).

3:2:4 Data analysis

The data collected by the event recorder program was analyzed by a
program for ethological analysis [Quant Etho program] (Lux, 1989; 1990). This
program selects a specified part of each observation and caiculates: duration of
each activity (it's variability and histogram), number of it's occurrences and total
time spent for it, relation to others -probability of passing from other activities to the
given one (input chances) and passing from the given activity to others (output
chances), diagram of the "time budget" -ratio of time spent for each acfivity during
the selected part of observation. Statistical comparison was performed using 95%

confidence limits to attach confidence to the means of the behavioural activities of



35

moths of different age categories and from either the laboratory colony or from the

field.
3:2:5 Results
3:2:5:1 Time budget

Figures 1-8 show the behaviour (time budget) of various combinations of
ages of C. partellus male and female moths from the laboratory and from the field
within a period of 30 minutes (1800 seconds). The results show that young males
spent the largest proportion of the time passive in the 30 minutes of observations.
This observation is consistent for both field and laboratory insects (Figs. 1, 2, 5 and
6). In the 1st, 3rd, 16th and 26th minutes of observation, the field and the
laboratory insects spent 78-95%, 68-93%, 64-90% and 76-100% (lower and upper
limits of the proportion) of the time passive, respectively. By the end bf the
observation period 56-950% of the time they were passive. Young males spent a
very small proportion of the time (22%<) copulating and in one combination, Om-0Of
(Field), no copulation occurred. In contrast, mature males spent a relatively smaller
percentage of their time passively but a larger percentage of the time in copulation
(Figures 3,4,7 and 8). This observation is consistent for both field and laboratory
insects . In the 1st, 3rd, 16th and 26th minutes of observation, the field and the

laboratory males spent 58-73%, 30-68%, 5-18% and 8-22% of the time (lower and
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upper limits of the proportion) passively, respectively. By the end of the
observation period only 9-27% of the time was spent passive. These males spent
the largest percentage of the time copulating. For instance by the 12th and 20th
minutes, 50-64% and 50-84% of the time respectively, they were in copulatioh. By

the end of the observation period 70-84% of the time was spent in copulation.

3:2:5:2 Mean duration of a single act

Young adult males when paired with old females were passive for a longer
duration than the mature males (Table 3). The results from the field mature males
showed some degree of overlap in the duration of this behavioural activity. The
same trend was reflected in the results obtained when young adult males were
paired with old females (Table 4). Mature males walked longer after a flight period
than did immature ones irrespective of whether they were paired with young or old
females (Tables 3 and 4). Mature males flew for a longer duration when paired
with females than did immature ones. The behaviour of the laboratory and the field
insects did not differ statistically. No statistical difference was detected when either

immature adult or mature males were paired with young or old females.
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Table 3. Comparison of mean duration (seconds) of a single act of
males of different ages paired with young adult females.
AGE OF THE MALE

MALE 0-day old males 3-day-old males
BEHAVIOUR

Lab. n=26 Field n=12 Lab. n=25 Field n=12

Mean + S.E Mean + S.E Mean + S.E Mean + S.E
Passive 421.55+49.08a 267.05+64.49a 93.25+16.97b 106.83+30.25a
Active 29.64+2.95b 20.9612.46a 20.49+2.13a 22.57+5.76a
Fanning 6.37+0.88a 4.93+0.35a 8.10+0.72a 9.50+2.06a
Pre-flight walk 45.13+16.14a 16.00£6.97a 25.61+3.6a 36.81+10.02a
Flight 8.71+0.95a 8.79+1.46a 13.90+1.06a 12.97+1.58a
Post.F. walk 22.29+3.66a 23.26+3.38a 46.78+4.41b 40.70+4.87b
W. alongside female 4.25+0.67a - 2.83+0.37a 3.71+0.71*
Clapsing attempt 7.29+1.43a -t 6.05+0.50a 6.36+0.72"
Copulation - - = =

Could not be compared since these behavioural activities did not occur in one combination of

age category (0-day old male x 0-day old female from the field).

Means in the same row from the same environment (Lab or field) followed by the same letter

do not differ significantly (95% significance level).
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Table 4. Comparison of mean duration (seconds) of a single act of
males of different ages paired with old females.
AGE OF THE MALE

MALE 0-day old males 3-day old males
BEHAVIOUR

Lab. n=26 Field n=12 Lab. n=27 Field n=12

Mean £ S.E Mean + S.E Mean + S.E Mean + S.E
Passive 229.93+35.95a 305.35+67.46a 200.41+42.76a 229.18+510.20a
Active 27.36+2.52a 23.2+3.10a 21.41+2.47a 34.4+5.1%a
Fanning 5.98+0.42a 5.06+0.48a 6.01+0.43a 7.09+0.68a
Pre-Flight walk 23.67+4.38a 20.67+6.03a 25.51+2.76a 27.56+5.32a
Flight 8.49+0.61a 5.83x0.51a 10.87+1.01a 11.50£1.02b
Post-Flight walk 23.84+2.53a 20.00+3.36a 37.25+¢4.12b 43.04+4.90b
W. alongside female 4.36+1.05a 3.00+0.00a 3.36+0.60a 5.73+1.52a
Clapsing attempt 4.86+0.96a 6.00+2.00a 6.05+0.67a 6.50+0.31a
Copulation - - = -

Means in the same row from the same environment (Lab. or field) followed by the same letter

do not differ significantly (95% significance level).
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3:12:8:3 Mean number of complete events (frequency of occurrence of the

activity)

Mature males from the laboratory when paired with young females .had a
higher frequency of flying, post-flight walk, walking alongside the female and
clasping attempts than immature adult males (Table 5). No statistical difference
was detected in the frequency of occurrence of all the behavioural activities
between mature and immature males from the field (Table 5). Similarly, when
paired with old females mature males from the laboratory flew and attempted to
clasp the females at a higher frequency than did immature adult males (Table 6).
Mature males from the field walked alongside the female 7 times more than did
immature adult males from the same environment (Table 6). Interestingly no
statistical difference was found between the behaviour of the males of the same age
category with respect to the environment from which they came. Similarly, no
statistical differnce was detected when either immature or mature males were

paired with young or old females.
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Table 5. Comparison of mean number of complete events
accomplished by males of different ages paired with young
adult females.

AGE OF THE MALE

MALE 0-day old males 3-day old males
BEHAVIOUR

Lab. n=26 Field n=12 Lab. n=25 Field n=12

Mean + S.E Mean + S.E Mean + S.E Mean + S.E
Passive 1.81+£0.22a 1.67+0.38a 1.44+0.5a 1.92+1.03a
Active 4.42+0.41a 5.35£1.51a 3.96+0.78a 2.5£0.56a
Fanning 2.08+0.3a 3.5+1.26a 3.12+0.54a 2.67+0.69a
Pre-Flight walk 0.88+0.2a 3.5£0.42a 1.52+0.29a 1.33+0.33a
Flight 0.81+0.29a 2.33+1.01a 4.40+1.05b 2.92+0.6a
Post-Flight walk 1.08+0.35a 3.5+1.57a 5.16+1.01b 4.42+1.12a
W. alongside female 0.31+0.15a -* 0.92+0.11b 1.17+0.33"
Clapsing attempt 0.27+0.13a - 0.8410.07b 0.92+0.15a*
Copulation - -* - -

These values could not be compared since the behavioural activities did not occur in one

combination of age category (0-day old males x 0-day old females from the field).

Means in the same row from the same environment (Lab or field) followed by the same letter

do not differ significantly (95% significance level).
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Table 6. Comparison of mean number of complete events

accomplished by males of different ages paired with aduit

females.
AGE OF THE MALE

MALE 0-day old males 3-day old males
BEHAVIOUR

Lab. n=27 Field n=12 Lab. n=27 Field n=12

Mean + S.E Mean + S.E Mean + S.E Mean + S.E
Passive 1.63+32a 1.92+0.57a 1.37:0.34a 0.92+0.43a
Active 4.67+0.67a 5.00+1.35a 4.15+0.7a 3.83£1.04a
Fanning 2.44+0.44a 2.67+1.08a 2.67+0.37a 2.73+0.55a
Pre-Flight walk 1.00+£0.27a 0.5+0.26a 1.59+0.33a 1.33+0.22a
Flight 1.52+0.41a 2.5+1.38a 4.37+0.93b 3.67+1.05a
Post-Flight walk 2.15+0.63a 2.67+1.48a 4.96+1.03a 4.25+1.09a
W. alongside female 0.41+0.15a 0-17+0.11a 0.81+0.13a 1.254£0.33b
Clapsing attempt 0.26+0.09a 1.17£0.11b 0.7+0.1b 0.83+0.11a
Copulation - - J L

Means in the same row from the same environment (lab or field) followed by the same letter

do not differ significantly (95% signifiance level).
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3:2:5:4 Mean total time spent for each activity

Mature males from the laboratory spent a longer time in flight, in post-flight
walk and in copulation (8, 10 and 11 times respectively longer) than immature adult
males when paired with young females (Table 7). However when paired with old
females these males spent an average of 3 times longer in the same activities
(Table 8). When paired with old females, mature males from the laboratory and the
field spent 2 and 3 times less respectively passive. These males attempted to clasp
the females for a longer time (3 and 5 times respectively for the laboratory and field
males) than immature adult males (Table 8). No statistical difference was found in
the total time spent for all activities between the laboratory and field insects. No
statistical difference was detected when either immature or mature males were

paired with young or old females.
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Table 7. Comparison of the mean total time (seconds) spent for each activity
by males of different ages paired with young adult females.
AGE OF THE MALE

MALE 0-day old males 3-day old males
BEHAVIOUR

Lab. n=26 Field n=12 Lab. n=25 Field n=12

Mean + S.E Mean + S.E Mean £ S.E Mean + S.E
Passive 1472.88+63.86a 1522.33£90.48a 226.20+70.62a 417.25+154.3%a
Active 143.23+3.71a 140.58+35.85a 85.64+22.66a 58.42+19.40a
Fanning 13.23+3.71a 17.25+6.85a 25.28+7.30a 25.33+13.51a
Pre-Flight waik 39.92+21.24a 17.33£8.72a 38.92+9.14a 49.08+20.92a
Flight 7.04+2.49a 20.50+10.98a 61.16+20.66b 37.8319.49a
Post-Flight walk 24.00+£8.08a 81.42+39.527a 242.0+56.2b 179.75+49.32a
W. alongside fem. 1.31+0.66a -* 2.6+0.54a 4.33+1.97*
Clapsing attempt 1.96+1.03a -* 5.08x0.61a 5.83+1.16*
Copulation 94.65+46.3a -* 1073.12+106.46b 1022.17+149.87*

These values could not be compared since the behavioural activities did not occur in one combination

of age category (0-day old males x 0-day old females from the field).

Means in the same row from the same environment (Lab or field) followed by the same letter do not

differ significantly (95% significance level).
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Table 8. Comparison of mean total time (seconds) spent for each activity by
males of different ages paired with old females.
AGE OF THE MALE

MALE 0-day old males 3-day old males
BEHAVIOUR

Lab. n=27 Field n=12 Lab. n=27 Field n=12

Mean + S.E Mean + S.E Mean + S.E Mean + S.E
Passive 1295.19+113.48b 1426.83+154.35b 572.67+119.49a 545.83+170.26a
Active 135.44£28.47a 128.5+42.41a 94.44+19.33a 134.50+40.16a
Fanning 14.63:3.4a 13.5:4.88a 16.04¢3.15a 19.50+4.53a
Pre-Flight walk 23.67+8.07a 10.42+5.59a 40.63+7.89a 36.75+£10.40a
Flight 12.89+3.71a 14.58+7 61a 47.52+11.61b 42.17+11.76a
Post-Flight walk 51.41+108.07a 53.33£32.74a 184.89+39.20b 182.92+62.33a
W. alongside fem. 1.78+0.91a 0.5+0.34a 2.74+0.68a 7.17+4.40b
Clapsing attempt 1.26+0.48a 1.00+6.72a 4.26+6.7Sb 5.42+0.77b
Copulation 262.67:105.24a 151.08+134.38a 837.81+130.38b 825.75£190.62b

Means in the same row from the same environment (Lab or field) followed by the same letter do not

differ significantly (95% significance level).
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3:2:6 Discussion

The results showed clearly that male age had a positive effect on the
success of mating. Hirano and Muramoto (1976) reported that the percentages of
females calling and pairs mating in the sweet potato leaf folder, Brachmia
macroscopa Meyrick, were low on day 1, but heightened with the age, attaining the
peaks on day 3 for calling and on day 4 for mating. Bartel and Shorey (1969)
reported that peak response to the sex pheromone in Epiphyas postvittana Walker

was not attained until the second night after moth emergence.

In C. partellus, observations from this study indicated that the sexual activity
of males was low for newly emerged moths. In the same aged pairs, the low level
of mating success in 0-day old pairs was effected by the male's activity. The level
of percentage time spent in copulation was high for 3-day old moths irrespective of
whether they are paired with newly emerged females or 3-day old ones suggesting

that female's age was not limiting the success of mating.

In a related species, C. suppressalis, the mating success of the same aged
pairs was low with 1-day old moths and the mating activity of females was high up
to the age of four-days but decreased rapidly thereafter (Kanno and Sato, 1978).
On the other hand the sexual activity of males was low with newly emerged moths,

but it was maximum with 3 or 4 days old.
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These results were in line with those of Unnithan and Paye (1991) who
reported that when C. partellus moths were of equal age the percentage of mating

on the day of eclosion was low but increased to 80-85% 1-2 days later.

In Pseudaletia unipuncta (Haw.) age related sensitivity to the two major
components of the female sex pheromone was observed (Seabrook et al., 1979).
These authors reported that the sensitivity of the male antennae to the two
components was lowest on the day of emergence increasing to a peak on day 3 and
then decreasing on day 5 and remained at that level till day 9 after which it

decreased steadily until day 13.

It was probable that this difference in responsiveness to the sex pheromone
with age is due to the changes in the sensitivity of the central and /or peripheral
nervous system implicated in pheromone communication (Seabrook et al. 1979).
It thus implied that the olfactory neurons in the adult moth's antennae could not be
physiologically stable but varied with age as the moth matured (Seabrook et al.

1979). These changes may have been associated with sexual maturation.

The results showed clearly that patterns of behavioural activities varied with
age of the male with 3-day old males exhibiting a higher level of locomotory
activities than 0-day old ones. This suggested some survival advantage for the

males. It implied that on emergence in the field, 0-day old males did not engage in
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a lot of energy consuming activities such as flight, walking and pre-copulatory
activities. Instead they were passive for most of the time probably sitting near the
eclosion area waiting to achieve full sensitivity to the pheromone from calling
females before becoming sexually mature. Such an option would be of tremedous
advantage to the male because it reduced the risk of predation until such a time
when engaging in such activities would be of benefit to the males by enabling them
to acquire mates. On the other hand, 3-day old males spent more time in
locomotory activities probably searching for females since they were sexually

mature to mate.

The observation that there were no significant differences between the
behaviour of the laboratory and field insects suggested that diet did not significantly
influence behaviour. Since the laboratory colony was constantly renewed with field
collected insects, not many generations were allowed to breed in the laboratory.
This ensured that artificial selecton in the laboratory colony did not occur due to the
simplified environment. If this was not the case, a greater difference in the

behaviour of the laboratory and the field insects would have been expected.
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CHAPTER FOUR

4.0 The effect of proximity of the release points of the synthetic sex

pheromone components of the female to the behaviour of C. partellus

male.
4:1 Introduction

For any effective trapping of insects the lure used should be abie to offer
continuous attraction over a fairly large distance ranging from several meters to a
few centimeters from the bait. To achieve this the signal emitted from the trap
should bear sufficient resemblance to the natural one and must be perceived by the
receptive insect all the way to the source without significant interruption. In
situations where a multicomponent blend is to be dispensed, the way in which the
signal is perceived needs to be carefully considered. Components known to react
chemically to give rise to products that ére antagonistic to the pheromone or that
considerably reduce the duration of pheromone present a special problem. The
female sex pheromone of C. partellus is composed of two major components
Z-11-hexadecenal and Z-11-hexadecen-1-ol. These were reported to react
together in dilute hexane solution at -20°C and separate dispensing of the two

components was recommended (Nesbitt et al., 1979). However, not enough
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attention has been given to the possible effects of the degree of proximity of the
release points of the pheromone components on trap efficiency. In this study the

effect of the release points of the two components on the behaviour of the male C.

partellus was investigated.
4:2 Materials and methods
4:2:1 Insects

Pupae were separated by sex and held in different cages to prevent mating
after moth emergence . For convenience , the photoperiod was shifted by 6 hours
. The pupae were allowed to adjust to the shifted photoperiod for a few days . The
moths were supplied with 5% sucrose solution dispensed from vials plugged with

cotton wool .
4:2:2 Preparation of the filter paper dispensers

The dispenser was constructed from two filter papers (Whatman NO. 40) and
a piece of aluminium foil. One square filter paper 2.5 cm? was loaded with 100
microliters n-hexane solution containing 100 micrograms of the aldehyde and the
other paper with 100 microliters n-hexane containing 10 micrograms of the alcohol.

For close release, filter papers loaded with the two components were separated



58

only by a piece of aluminium foil and held together with a pin. For release from
spatially distinct points the pieces of filter paper were spaced by 3 cm and
supported on a block of cork material. The dispensers were loaded with synthetic
pheromone around 1700 - 1800 hours and were dispensed in the observation

chamber at 8.00 - 11.00 hours a. m .

4:2:3 Ethological observations

The experiments were conducted in a chamber 60 x 60 x 100 cm made of
clear glass and aluminium and a wire mesh on the two opposite sides. An electric
fan with about 0.2-0.8 m/s wind speed was used to generate air movement across
the chamber. The observations were conducted in the laboratory under
photoperiod L:D =12 : 12, 8-11 hours into the scotophase with the help of a red
light. To assess the possible effect of the photophase shift, the resuilts were further
confirmed by several observations of insects kept under natural illumination, which

were also observed during 8-11 hours into scotophase (2.00-5.00 hours a.m.).

Three treatments were used, a one-day-old virgin female in a cylindrical wire
mesh cage (3 cm diameter and 8 cm long); the filter paper dispenser with the
components close together, and the filter paper dispenser with the components
separated by 3 cm. Each type of pheromone source was placed upwind of the

chamber and tested independently. For each experiment, a single virgin
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one-day-old male was released at the downwind end of the chamber and its

behaviour towards the source of the pheromone observed for one hour. For each

observation a new individual was used. The following parameters of male

behaviour towards the pheromone source were quantified:

a.

b.

_time spent resting before upwind flight;

time taken walking while wing fanning;

rate of antennal beats per minute;

total time spent resting;

total time spent flying (random flight);

general vigour (graded arbitrarily from O to 10);

nearest distance reached relative to the source;

time taken to locate the source;

time spent flying upwind up to 5 cm from the source (oriented flight);
and,

time taken to explore within 5 cm of the source.

Three observations were conducted in a single session and one observation

for each pheromone source every day. The order of the pheromone sources used

during the successive sessions (days) was systematically rotated. Observation of

the male behaviour towards each pheromone source was repeated 20 times.
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4:2:4 Data analysis

Data analysis was performed using the analysis of variance to determine
whether there were significant differences between the treatments. Mean
comparison between the treatments for each behaviour category was performed
using Tukey's test (Spjotvoll and Stoline, 1973). Due to the high variability of the

data log (x + 0.5) was used to transform the data (Sokal and Rolf, 1981).

4:3 Resuits

Resuits on the observation of the male behaviour towards the three different
pheromone sources show that there were only relatively small differences in the
male behaviour in response to virgin females as compared to the paper dispensers
with the pheromone components dispensed close to each other (Table 9). Males
approaching the virgin females were slightly more vigorous (7.8 compared to 6.1),
spent 3.3 times more walking while wing fanning, moved their antennae at a higher
rate and walked while wing fanning around the pheromone source 2% times more
than those approaching the dispenser with components close to each other. These
males curved their abdomen towards the female. It was noticed that the males
moved round the dispenser papers rapidly wing fanning and bending their abdomen
to come into contact with the papers. In both cases, however, all males were able

to locate the pheromone source although 4 out of 20 males did not directly land on
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the source in the case of the dispenser with pheromone components dispensed

close to each other (came closer than 5 cm).

On the contrary, separation of the release points of the pheromone
components resulted in a notable confusion of males and on average the nearest
distance to the source reached was 26.6 cm. The males were much less vigorous
(2.5 compared to 7.8 for virgin females) and spent less time (135.2 sec. compared
to 538.3 sec for virgin females) flying. They rested 174 times longer and fanned
wings while walking 12 and 5 times, respectively, less than the males approaching
virgin females as well as the dispenser with components close to each other.
Remarkably, only three out of twenty males came closer than 5 cm to the source,
but even then they spent considerably less time moving around the source. These
males spent 40 and 100 times respectively less time exploring the source than in
the cases where dispensers with components close to each other and virgin

females were used.



Table Q.

dispensed at different levels of proximity (laboratory observation)®

Behaviour of Chilo partellus males towards virgin female versus the female pheromone components

TYPE OF THE PHEROMONE SOURCE

A B (o]
R et Virgin female Paper dispenser
components close* components separated™*

Time spent resting before upwind flight 56a 351a 554 a
Time taken walking while wing fanning 7505 a 3321 b 64.6 ¢
Rate of antennal beats per minutes 148.1 a 120.4 b 50.8 ¢
Total time spent resting 2018.8 b 2256.6 b 3103.3 a
Total time spent flying (random flight) 538.3 a 3192 a 1352 b
General vigour (graded arbitrally from O to 10) 78a 6.1b 25¢
Nearest distance reached relative to the source 0.0b 06b* 26.6 a
Time taken to locate the source 185.1 a 3135a 588.3a™*"
Time spent flying upwind up to Scm from the source 14.7 a 16.7 a 11.3a™
(oriented flight)

Time taken moving 5cm or closer around the source 9488 a 3730b 93c¢™

* All males came closer than 5 cm to the source and only 4 males did not land directly on the source

** Only 3 males out of 20 got closer than 5 cm to the source and the numbers represent means for those 3 males only

a Within rows, difference between means followed by the same letter are not significant (P>0.05; Tukey's test on log - transformed data)
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4:4 Discussion

The results showed that the dispenser with the components close to each
other was comparable in attractiveness to the calling virgin females. This was
demonstrated by the fact that all the males located the source or came closer than
5 cm as in the case of the virgin females. The total time spent resting and flying by
the males approaching the virgin females did not significantly differ from that in the
case of the dispensers with the components close to each other. However, males
approaching calling females moved round the source fanning wings for a
significantly longer time than did those approaching the dispensers with
components close to each other. This suggested that the dispenser did not wholly
simulate the signal emitted by the calling females. Interestingly, it was noticed that
the female elevated her abdomen and pumped the ovipositor at a higher rate at the
time of male's arrival. This suggested that visual cues at short range may have
been an important factor in eliciting greater vigour and prolonged exploring of the

source in the males approaching the calling females.

The results showed that even a small separation between the release points
of the female C. partellus pheromone components substantially decreases trap
efficiency. The observation of the male flight behaviour suggested that the
decrease was associated with confused behaviour of the male approaching the

trap. The three out of twenty males that came closer than 5 cm to the source when
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the components were separated by 3 cm may have located the source by
coincidence. This is so because they spent a significantly longer time to locate the
source and a significantly shorter time moving round the source once located as
compared to those males that approached calling virgin females or the dispensers

with components held close to each other.

It is possible that the pheromone components if dispensed from a point-like
source do not get separated within the air-stream carrying them and therefore the
integrity of the signal is maintained over a substantial distance (Baker and Haynes,
1989; Liu and Haynes, 1992). This was demonstrated by experiments with
pheromone inhibitors where pheromone traps remained effective even when
located in an atmosphere permeated with corresponding inhibitors (McLaughlin et
al.,, 1972; Carde et al., 1975; Daterman et al., 1975; Kaae et al., 1974; McLaughlin
et al., 1974; Mitchell, 1976). When the inhibitor was dispensed together with the
corresponding pheromone from a point-like source, no orientation flights and
landing at the source occurred (Witzgall and Priesner 1991). In contrast, placing
the inhibitor 5cm apart did not suppress orientation flight to the attractant source.
A decrease in trap efficiency from separate release of the pheromone components
relative to joint release of the blend has also been reported for the cabbage looper

moth (Linn and Gaston, 1981).
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CHAPTER FIVE

5:0 Laboratory testing for any inhibitory effect of polyvinyl chloride (PVC)
on the behaviour of the male Chilo partellus to the synthetic blend of

the female sex pheromone

5:1 Introduction

The suppression of orientation by structurally related chemicals is a well
known phenomenon in Lepidoptera. Such chemicals commonly known as
"attraction inhibitors" or "pheromone antagonists" have been widely demonstrated
by field trapping experiments, but only a few attempts have been made to analyze
their mode of action. The term "inhibitor " has been used to refer to those
chemicals that when liberated with a normally attractive single compound or mixture
of compounds, somehow prevents males from becoming trapped in the sticky
coating of the baited traps (Tumlinson et al., 1974; Parrilia and Guerréro, 1993).
These studies attempted to establish whether PVVC, a candidate carrier material for
dispensing of the pheromone components, had any inhibitory effects on the
behaviour of the male of C. partellus to the synthetic blend of the female sex

pheromone.
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5:2 Materials and methods

5:2:1 Construction of the dispensers

Four different types of dispensers were used in this study and are described

as below:
a. The filter paper dispenser with the pheromone components close to each
other (A).

This was constructed from two filter papers (Whatman No.40) and a piece of
aluminium foil. One square filter paper 2.5 cm? was loaded with 100 microliters
n-hexane solution containing 100 micrograms of the aldehyde and the other paper
with 100 microliters n-hexane containing 10 micro grams of the alcohol.The filter
papers loaded with the two components were separated by a piece of aluminium foil
to prevent any contact between them and held together with a pin. This was used

as the control.

b. Filter paper dispenser assembled with clean unloaded polyvinyl chioride (B).

The filter paper dispenser was constructed as described in (a) above. Small pieces

of aluminium foil were placed at the centre of the outer side of each filter paper

dispenser. Then two clean polyvinyl chioride pieces measuring 0.5 cm in length



67

and 0.8 cm in diameter were pinned to the filter papers through the aluminium foil,

one on each side of the filter paper.
. The PVC dispenser (C).

This dispenser was made from two polyvinyl chloride pieces one loaded with 0.01%
alcohol and the other with 0.1% aldehyde each measuring 0.5¢cm long and 0.8cm
diameter. They were separated by small pieces of aluminium foil to prevent any

contact between them.
d. The dispenser with aldehyde on PVC and alcohol on filter paper (D).

This dispenser was constructed from a square filter paper 2.5 cm? loaded with 100
microliters n-hexane containing 10 micrograms of the alcohol. The filter paper was
then assembled with a PVC piece of the size described in (b) above loaded with
0.1% aldehyde and held together with a pin. Small pieces of aluminium foil were
used to separate the filter paper from the PVC to prevent any contact between the
two. The PVC dispenser loaded with the alcohol was allowed to "age" for a pericd
of 8-24 days while that loaded with the aldehyde was allowed tb age for a period
of 15-26 days before use. The dispensers were aged to allow stabilization of the
release rate of the pheromone components. The filter papers were loaded with the
pheromone between 1700-1800 hours. All the dispensers were assembled

between 1700-1800 hours and dispensed in the observation chamber between
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07.30 and 11.30 hours every day. Each type of dispenser was supported on a
block of cork material and placed at the upwind end of the observation chamber and
tested independently. A 1-day-old virgin male was released at the downwind end
of the chamber and it's behaviour towards the pheromone source observed for one
hour. Four observations were conducted every day in a single session, one
observation for each pheromone source. The order of the dispensers used during
the successive sessions was systematically rotated. A new individual was used for
each observation. The observation of male's behaviour towards each type of
dispenser was repeated 10 times. The following parameters of male's behaviour

towards the pheromone source were quantified:

a. Time spent resting at the downwind side of the chamber before
upwind flight;
b. Time taken to fly upwind about 50 cm or more;

o Total time spent in flight;

d. The nearest distance reached relative to the source;
e. Time taken moving 5cm or less round the source;

f. Time taken to locate the source;

g. Time taken walking while wing fanning;

h. Total time spent resting;

I. Vigour of activities graded arbitrarily on a scale of 10;
J Rate of antennal beats per minute;

K. Time taken walking without wing fanning.
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5:3 Data analysis

Analysis of variance was done on the results using subroutine from the
package SAS (SAS Institute, 1987). Mean comparison between the treatments for
each behaviour category was performed by calculating the ALeast Signiﬁcance
Difference (LSD) test at 5% level. Due to the high variability of the data ,the square
root of the logs Vlog(x+1)+0.5 was used to transform the data so as to minimize the
correlation between the mean and variances of each behaviour category (Sokal and

Rohlf, 1981).

5:4 Results

Table 10 shows the behaviour of male C. partellus towards four different
types of dispensers loaded with the synthetic pheromonal components of the
female. Males approaching the filter paper dispenser spent a significantly shorter
period resting before upwind flight than did those approaching the dispensers with

the alcohol on filter paper and the aldehyde on PVC.



Table 10.

Behaviour of C. partellus male towards the PVC dispensers versus the filter paper dispenser.

DISPENSER TYPE
MALE BEHAVIOUR A B c D
Mean + S.E. Mean + S E. Mean + SE. Mean + S.E.
Time spent resting before upwind flight 0.00+0.00b 6.00+6.00b 120.00+£120.00ab 9.30+4.97a
Time spent flying upwind about 50 cm or more 5.00+0.30a 4.90+0.23a 5.20+0.55a 5.70+0.58a
Total time spent flying 469.10+124.80a 323.00+81.01ab 169.904+55.44b 127.20+28.85b
Nearest distance reached to the source 3.00+£3.00b 4.00+4.00b 16.70+4.70a 4.20+£2.74b
Time taken moving 5 cm or closer around the source 695.00+£170.71a 282.22+46.89a 114.33+£37.33b 116.43120.40b

Time taken to locate the source

370.33+84.82b

504.89+108.40ab

1431.67+606.63a*

498.63+144.96ab

Time taken walking while wing fanning

391.50+88.46a

281.22+38.14a

79.38+16.97b

111.78+28.00b

Total time spent resting

2713.80+£161.48b 3051.20+112.83a 3449.70+78.46a 3358.80+44.00a
General vigour graded from 0-10 6.70+0.54a 5.30+0.54a 3.00+0.56b 3.40+0.50b
Rate of antennal beats per minute 122.50£11.19a 95.50+9.96a 52.50+8.67¢ 65.00+£7.45bc

Time taken walking without wing fanning

28.00+£18.00a

30.50+£10.03a

29.29+12.72a

35.67+29.69a

Means followed by the same letter in the same row are not significantly different at 5% level. Mean comparison performed by use of LSD
on transformed data [\/-Iog(x+1)+0.5]
* Only 3 males out of 10 got closer than 5 cm to the source and the numbers represent means for those 3 males only.

C: The PVC dispenser
B: Filter paper dispenser assembled with clean PVC  D: Dispenser with aldehyde on PVC and alcohol on filter paper

A: Filter paper dispenser
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This period did not significantly differ from that taken by males approaching
the filter paper dispenser with clean PVC. The particular males took 3 times longer
in flight than did those approaéhing the PVC dispenser although this did not differ
significantly from the period taken by males approaching the filter paper dispensers
assembled with clean PVC. However, it differed significantly from that taken by
males approaching the filter paper dispenser and the dispenser with the alcohol on
filter paper and the aldehyde on PVC. On average, the nearest distance to the
source that the males approaching the PVC dispenser reached was 16.7cm which
was significantly longer than that reached by the males when they approached the
other three dispensers. Also, these males took a significantly longer time to locate
the source than did those approaching the filter paper dispenser. They moved their
antennae at a lower rate (2.3 times lower) and spent 6 times less time moving 5cm
or closer around the source than did those that approached the filter paper
dispenser. The males fanned wings while walking 5 times less than did those that
approached the filter paper dispenser. However, there was no significant
difference in the time taken walking while fanning the wings between males
approaching the filter paper dispenser and those approaching the filter paper
dispenser with clean PVC. All the males approaching the four different types of
dispensers did not differ in the length of time they took walking without fanning

wings and flying upwind.
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5.5 Discussion

The results showed that the dispenser with clean PVC was comparable to
the filter paper dispenser in its performance. This suggested that PVC did not
inhibit the male response towards the synthetic pheromone. On the other hand, the
dispenser with the two components loaded on PVC had a relatively poor
performance compared to the control. Remarkably only 3 males were able to locate
the source in the case of this dispenser. It might be that the PCV released the
alcohol at a considerably lower rate than the filter paper thus causing the insect's
nervous system to fail to integrate the sensory information from this dispenser into
a biologically meaningful signal. In such a situation, the insect would not be

expected to locate the source and therefore would not be trapped.

It was also possible that the ratio of surface area to volume of the two PVC
dispensers combined was relatively smaller than that of the two filter paper
dispensers. This may have modified the proportion of surface area of volatilization
of the pheromone components. PVC therefore in this situation was a fairly suitable
material for dispensing the pheromone since it did not appear to alter the response

of males to the pheromone .
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In some species that have bi-component pheromonal systems the individual
components could have an inhibitory effect on male stimulation by the sex
pheromone. This was reported for the smaller tea tortrix Adoxophyes fasciata
where the individual sex pheromonal components cis-9 and cis-11-tetradecen-1-ol
acetate inhibited the subsequent stimulatory response of male moths to the sex
pheromone (Hirai et al.,1974). The researchers (Hirai et al., 1974) concluded that
such an inhibitory effect of the individual pheromone components on sexual
behaviour of the males could play an important role in the isolation of the smaller
tea tortrix from any sympatric species that used either cis-9 or
cis-11-tetradecen-1-ol acetate as the sex pheromone. A similar phenomenon was
reported in A. orana (F. von R.) where the main component cis-S-tetradecenyl|
acetate without the second component cis-11-tetradeceny! acetate did not attract

males at all (Minks and Voerman, 1973).
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CHAPTER SIX

6.0 SUMMARY, GENERAL DISCUSSIONS AND SUGGESTIONS FOR

FUTURE RESEARCH

1. Studies on the influence of age on the attractancy and the responsiveness
of females and males were conducted under laboratory conditions. One-day- and
three-day-old males were more attracted to one-day-old females than to three-day-
old ones. No significant differences in response due to male's age were found

when one- and three-day-old males were used.

It was found that O- and one- day old females did not differ in their
attractiveness to the three age categories of males tested. 0-day old males had a
significantly lower responsiveness to the three age categories of females tested
than either one-or three-day-old males. These observations have practical
implications to the researchers when designing and developing a pheromone
dispenser for monitoring C. partellus populations. The dispenser developed would
be expected to sufficiently resemble the signals emitted by 0- and 1-day-old
females in the composition and release characteristics of the pheromone. Since 3-
day-old males were the most responsive of all the ages tested, the researchers

testing the response of male C. partellus to the dispensers of the synthetic sex
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pheromone of the female may find it particularly advantageous to use this age
category than the younger ones. In future research should be conducted using

moths of all ages to find out whether similar results could be obtained.

2. Studies on the influence of age on the mating success showed that 0-day old
males spent the largest proportion of the time while passive and a very small
proportion of the time was spent in copulation. Three-déy-old males spent a
significantly smaller proportion of the time while passive but a larger proportion of

the time in copulation.

The low success of mating when 0-day-old males were used suggested that
male age has an influence on the mating success. Further research should be
conducted to determine whether the observed trend was continued even in very old
moths (8-9 days of age). It is also suggested that comparison of
Electroantennographic responses of males of various age categories should be
conducted and these should then be compared with the behavioural responses of
intact males of the corresponding ages. This would shed light on whether there is
any relationship between sensitivity of the antennae and the behavioural response
of the male moth. No major differences were observed between the behaviour of
laboratory and field collected insects and this suggested that the diet did not have

a profound effect on the behaviour of the insects.
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3. Studies to investigate the behaviour of the male C. partellus towards virgin
females versus the female synthetic pheromone components dispensed at two
different levels of proximity were conducted. Only relatively small differences in the
male behaviour in response to virgin females as compared to the paper dispensers
with pheromone components dispensed close to each other were observed.
Separation of the release points of the pheromone components by 3cm resulted in
a significant change in male behaviour and a decrease in the bait performance.
Going by these results, it appeared that where components of a pheromone or other
semiochemical blend needed to be dispensed separately, special attention should
be given to proximity effects resulting from the spacing of component dispensers.
This may be important where the components act together synergistically and would
be expected to be of less consequence where they act in an additive manner (Lux
et al., 1994). It would also be anticipated that the effect may be minimized through
appropriate design of the trap. However, the development of a dispensing device
that allowed separate but close release of the components and that can simulate
release of the blend from a calling female would appear to be the best solution.
Further research should be conducted to test the response of males of various age
categories to the filter paper dispenser to establish whether the behaviour of these
age categories of males was comparable. The knowledge from such work would

help to predict which age category of males would be most attracted to the bait of

the trap.
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4, Tests for any inhibitory effect of polyvinyl chloride (PVC) on the behaviour
of the male C. partellus to the synthetic blend of the female sex pheromone were
conducted. It was found that PVC did not inhibit the response of the males to the
synthetic female sex pheromone. The PVC dispenser was found to have a poorer
performance than did the filter paper dispenser and this was thought to be due to
some differences in the release characteristics of the alcohol by PVC. From these
results it seemed that researchers intending to design and develop a pheromone
dispenser for C. partellus pheromone components could find it particularly
advantageous to use PVC as a carrier material for dispensing the synthetic sex
pheromone since it did not appear to alter the response of the males to the

pheromone.
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