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• ••••••• UN...IKE ftOST BEHAVIOUR, COURTSHIP 

PATTERNS HAVE NJ OBVIOUS RELATIONSHIP TO 

THEIR FUN:TION. IT IS NJT APPARENT WHY A 

COCKEREL SHOll..D DROOP~ MIN; AND .MALTZ. 

AROUN> A HEN, RATHER THAN SPREAD ITS TAIL 

LIKE A PEACOCK OR BOW LIKE A PIGEON"'. 

AUBREY MNtilINi (1966) 
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A B S T R A C T 

Sexual receptivity w•s i~vestiga ted in Glossina morsitans 

•orsitans and Glossina pallidipes by observing successful 

pairings of females for specified periods of time . 

The duration of copulation, degree of insemination of feaales 

and male accessory reproductive gland secretions were not 

responsible for the teraination of sexual receptivi ty in 

!L.. ~ aorsitans. However, aechanical stimulation due mainly to 

the onset of the 'male jerking phase · was the single most important 

factor responsible for refractoriness of feaales to further matings. 

ftechanical stimulation alone caused over 70% refractoriness within 

72 hours. This result is co•parable to that of nor•al matings where 

•echanical st i•ulation is acco•panied by the introduction of aale 

accessory gland secretion and spermatozoa. In !L.. !..!.. •orsitans, 

•ultiple •atings were observed to occur early in life; however, once 

a fe•ale becaae refractory , it re•ained so for the rest of its life. 

Single •atings were found to provide sufficient spermatozoa for 

fertilisation. ftales as old as 60 days retained t heir virility. 

!L.. pallidipes was reared on a small scale under controlled 

conditions of te•perature (2~!1°C) and hu•idity (75 - 80%). Fe•ale 

sexual receptivity in !L.. pallidipes was highest when 9 - 13 days 

old but declined thereafter. Maximum mean spermathecal va lues (MSV) 

were recorded during the period of highest receptivity. The 

duration of copulation was comparatively short (mean of 24 minutes) 
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for all age groups. Though spontaneous ovulation occu red in 

virgi ns, aating was generally the initiating factor. Eighty percent 

of females at the age of highest receptivity (9 - 13 days old) were 

inseminated when group-mated compared to 50% for single matings. 

Between 55 - 80% of females were inseminated when they were kept 

with males for 72 hou r s compared to 12 - 50% insemination when kept 

for 2q hours. The results also indicate that insemination ra t es are 

higher (60 - 100%) for females kept in smaller than in larger 

(60 - 80%) cages. There was no significant difference in the 

insemination of females kept together with males in continuous 

darkness (insemination of 50 - 88%) compared to those exposed to 

alternate 12 hour light and 12 hour dark regi•es (insemination of 65 

- 85%) . 

"ales of ~ pallidipes were •ost aggressive and aade the 

gr eatest numbe r of mating strikes when they were 11 days old. This 

age of male 'sexual appetitiveness' coincided with the maturation of 

their accessory reproductive glands, i.e. when the glands had 

reached 0.17 - 0.20•• in dia•eter. "ales were, however, able to 

inseainate successfully fro• the age of 7 days onwards. 

The de•onstration that ~ ~ aorsitans and ~ pallidipes 

do not re•ate after sever al gonotrophic cycles would enhance the 

success of the use of the sterile i nsect technique in their control. 

The results also show that carefully cont rolled rearing and 

environmenta l conditions, adequate feeding, use of small cages, 

confinement of males and females for up to 72 hours and aating of 
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9 - 13 day-old fe•ales with over 11 day-old •ales would facilitate 

the successful rearing of a labora~ory colony of !L_ pallidipes. 
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CHAPTER 1 

GENERAL INTRODUCTION 

The tsetse fly, Glossina ~· is r estricted to tropical 

Africa from between approximately latitudes 15°North and 20°south, 

but extending to about 30°South along the eastern coastal area of 

Africa (Service, 1980) . It covers about 11 million k• of Africa 

and its limits are determined by climate, paleoecology, feeding 

habits and vegetation. Generally, areas that are devoid of trees 

due to the activities of man or otherwise are free of the insect. 

Near the equator, tsetse flies do not occur in areas about 1,800•, 

but the upper limit decreases with distance from the equator 

(Jordan, 1986). 

There are about twenty-two different species of tsetse flies 

living in Africa today. Some of these are divided again into sub­

species based on certain minor but constant differences in their 

anato•y. Generally, tsetse flies could be r ecognised by the rigid and 

forwardly projecting proboscis and a characteristic wing venation. In 

between veins four and fi ve there is a closed cell which appears like 

a hatchet and termed a hatchet cell. Adults are yellowish or brown­

black robust flies. According to Potts (1970), they were generally 

included in the dipteran fam ily, Muscidae. Other authorities such as 

Brues et !!. (cited by Jordan, 1986) have regarded the genus as 

having very uncertain affinit ies with the "uscidae and have no~ placed 

it in a ~onogeric family, the Glossinidae. It is generally accepted 

that the nearest living relatives of the Glossinidae are the 

Hippoboscidae or louse flies. 
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Today, there are three groups of tsetse flies that are 

recognised; the fusca group, the palpalis group and the •orsitans 

group. The fusca group is not well known, probably because none 

is of major economic importance. Mos t species in this group never 

feed on man neither are they attracted by his presence. The group 

includes such species as ~ fusca Walker, ~ brevipalpis 

Newstead and ~ longipennis Corti . The palpalis group occupies 

river systems that drain into t he Atlantic Ocean, Mediterr anean Sea 

and the inland drainage systems of some of the great African Lakes, 

but not along river systems draini ng into the Indian Ocean 

(Jordan, 1986). This group includes species like ~ palpalis 

Robineau-Desvoidy, ~ fuscipes Newstead and ~ tachinoides 

Westwood. These species are vectors of trypanosoma which cause 

sleeping sickness and animal trypanosomiasis or nagana. The 

~ morsitans ~include: ~ !..!.. morsitans Westwood, 

~ pallidipes Austen, ~ swynnertoni Austen, and 

~ austeni Newstead. ~ morsitans and ~ pallidipes 

are important vectors of trypanosomes which cause human and 

animal trypanosomiases. ~ austeni is also an im?ortant vector 

of ani•al trypanoso•iasis. 

Sleeping s ickness i s a human disease which, when not treated in 

its early stages results in death. Animal trypanosomiasis or nagana 

in cattle also results in death i f untreated. There are two species 

of trypanosomes causing African sleeping sickness in •an, 

~ brucei gambiense Dut t on, and ~ ~ rhodesiense Stephens 

and Fantham; those affecting domestic ani•als are ~ vivax 

Ziemann, ~ congolense Broden, ~ simiae Bruce et ~' 
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~ brucei brucei Pliaer and Bradford and ~ suis Ochmann. 

The debility caused by these diseases is tremendous. Although 

trypanosomiases were fi r st discovered in 1041, human and animal 

trypanosomiases a r e an c ient diseases that have scourged •ankind 

in Africa for centuries (Cheng, 1973) . Cheng states that, 

"to see Africans lying prostrate, drooling from the mouth, 

insensitive to pain, and later dying must have been a common 

occurrence to early slave traders". The presence of the flies not 

only makes it difficult to produce milk and beef, but also makes it 

difficult to optimise agricultural production as cattle play an 

important role as a source of draught power. For example, 

Jordan, (1985) stated that in the Zambezi Valley, more than half a 

million peasant farmers have been severely affected by sleeping 

sickness and many of their cattle died of nagana while surviving 

cattle could only be kept alive by the use of drugs. According to 

a report of the WHO Expert Committee (1986); African human 

trypanosomiasis is endemic in 36 countries of sub-saharan Africa 

where the tsetse fly occurs. 

"any methods have been tr i ed in the past to control thi s dreaded 

scourge. One of the first was the elimination of the fly by killing 

large numbers of wild animals, the natural hosts (Jordan, 1986). 

Later on, the methods were refined and only animals of a certain 

species (for example, warthogs) were shot . This method was 

abandoned because the flies could not be eliminated as they switched 

over to other animals such as reptiles which were not eliminated; 

such methods also resulted in indiscriminate destruction of 

wildlife. Another method on si•ilar lines was the clearing of 
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vegetation which the tsetse flies normally f r equent. Maintaining the 

cleared areas proved extremely costly apart fro• the fact that the 

clearing of vegetation also destroyed the environment. In rural 

development projects, the land is often cleared for various for•s of 

agricultural practices; banana plantations have thus r ep laced the 

original vegetation in some instances. This has caused a resurgence 

of fly populations in these places as they have been known to harbour 

the fly (Mulder, 1989) . 

Insecticides have contributed immensely to tsetse control; DDT 

and dieldrin have been used successfully (Jordan, 1986). Recently, 

synthetic pyrethroids have been used because they appear to be less 

har•ful to the environment than DDT, dieldrin and endosulphan. Trials 

were carried out with synthetic pyrethroids such as permethrin, 

cypermethrin and deltamethrin (Spielberger et ~' 1979). 

Deltamethrin was found to be the most effective but the high cost of 

using these insecticides may prevent their widespread use. 

Tr aps have been used for sampling Glossina ~· for •any years . 

Early traps were not very efficient, because of their designs, but 

during the last decade trapping beca•e the most favoured sa•pling 

technique owing to such advantages as the possibility of saaplinq 

populations at several places at the same time, suppression of human 

factors and the use of s tandard materials (Challier, 1982). So•etiaes 

traps are impregnated with inse cticides or baited with various chemicals 

to increase their efficiency. The biconical trap was developed in 

Wes t and Central Africa and it proved to be more effective when 
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baited with attractants (Challier, 1977). Other traps such as the 

NG2B trap was developed for !L.. pallidipes; it caught 2-11 ti•es 

aore female !L.. pallidipes than a siailarly baited biconical trap 

(Brightwel l and Dransfield 1986). Other methods such as biological 

control (the deliberate use of predators, parasites or pathogens for 

control) have been tried. A few unsuccessful attempts have been 

made to r elease biological agents into habitats containing tsetse 

flies but these attempts have been unsuccessful (Jordan, 1986). 

Parasitoids are the only agents which show some promise and these 

include some members of the Bombyliidae and Mutillidae (parasitic 

flies and wasps). 

Other methods of control such as genetic control have been 

suggested. For example, the sterile insect technique (SIT) was 

suggested by Von Borstel (1960) and Dame and Schmidt (1970). This 

•ethod has been used with some success. For example, Van Der Vloedt 

et !!. (1980) were able to suppress the tsetse population in the 

Volta Noire tributaries of Upper Volta by the use of delta•ethrin 

followed by the release of sterile •ales. They wer• able to de•onstrate 

that sterile •ales can be used for eradication of low-level infesta tions. 

Takken et !!. (1986) also combined the use of traps, insecticide 

i•pregnated targets, and the SIT to eradicate !L.. palpalis in a 

~ 300km area of Central Nigeria. They found that traps and screens 

reduced the population of flies by more than 90~ but failed to 

eradicate it; but males sterilised by irradiation from a "°c 

source and released at weekly intervals successfully eradicated the 

flies (at a ratio of 10:1 of sterile to wild male). 
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The SIT, therefore, has a lot of potential in th• control of 

tsetse flies. The relative merits of the SIT developed are that the 

tsetse fly has a low reproductive potential, that once a fly •ates 

with a sterile male, it is likely that it will not reproduce for the 

rest of its life. However, Curtis (1968b) found that when individual 

females were mated to both a s t er il ised and a fe r ti le male, sper• from 

the •ale that mated first was used predominantly, but not 

exclusively for fertilisation. He concluded that the extent to which 

this behaviour would reduce the efficiency of the SIT would be 

r ela t ively trivial. Dame and Ford (1968) also concluded that •ultiple 

mating was not expected to affect the SIT. However, the SIT requires 

the use of enormous numbers of tsetse flies and expensive mass rearing 

facilities. 

Glossina pallidipes is difficult to rear under laboratory 

conditions, whereas IL_ morsitans has been successfully colonised in 

the laboratory (Azevedo and Pinhao, 1964 ) . This difficulty in 

rearing coupled with expensive •ass rearing conditions will make it 

very difficult to use the SIT to control or pos~ibly eradicate this 

species fro• its habitats. Recently, so•e laboratories have 

reported successful colonies of IL_ pallidipes. For exa•ple , 

Leegwater-van der Linden (1980), Ochieng et !.!. (1 987) and 

Lang ley (1999) have all reported successfu l laboratory colonies of 

IL_ pallidipes . Gradually the battle is been won but fo r so•e 

stra i ns of IL_ pallidipes, there are still proble•s. For exa•ple, 

Langley (1989 ) did not succeed with the Zimbabwean strain but 

succeeded with the Lugala, Uganda strain. Lack of information on 

the mating biology of this species has contributed to the rearing 



difficulties (Jaenson, 1979b). Van Etten (1991) and Jaenson (1979a) 

e•phasised the importance of studying individual populations as 

there are differences in mating behaviour between allopatric 

populations. 

The objectives of this study are: 

(a) to determin e the time of female sexual receptivity 

and male sexual appetitiveness of [:_ pallidipes 

and compare these with those of ~ morsitans; 

(b ) to determine the mechanisms of sexual receptivity 

and male sexual appetitiveness with reference to 

ovarian development, growth and development of the 

male accessory glands, and changes in behaviour 

pattern over physiological age ; 

(c) to identify components from male a'cessory glands 

capable of suppressing sexual receptivity and 

•ale sexual appetitiveness; 

(d) to investigate the phenomenon of •ultiple •ating 

in parous and nulliparous fl ies; 

(e) to determine what controls refractory behaviour 

to prevent multiple-mating in female tsetse. 

It is expected that the study •ill lead to an understanding of 

aspects of the biology and population dynamics of [:_ •orsitans 

and [:_ pallidipes, assist in devicing better laboratory rearing 

techniques for ~ pallidipes in particular, and contribute to the 

application of the SIT. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 SEXUAL RECEPTIVITY IN GLOSSINA SPP. 

For successful reproduction in most insects, it is necessary 

that copulation occurs and male and female reproductive systems are 

prepared for this purpose in order to ensure insemination and 

fertilisation (Langley, 1977). Sexual receptivity in males and 

females therefore refer to the period when the sexes are ready for 

mating. In insects, the onset of sexual behaviour appears to be 

independent of the gonads. It has been shown in some insects that 

after castration in both males and females, normal copulation can 

still take place (de Wilde and de Loof, 1973; Tschinkel, 1985). It 

has also been shown in Drosophila ~· that males have an 

elaborate courtship display whereas in the Muscidae and Ca lliphoridae, 

males simply fly towards any object of the right size and atteapt to 

copulate directly (Manning, 1966). These are not just chance 

encounters but are behaviour patterns under endocrine control. In 

§.:.. pallidipes, Jaenson (1979a) found no distinct premounting 

courtship or other premounting sexual behaviour. He observed that 

on contact between a sexually appetitive aal e and a receptive 

female , the male mounted or landed on the female's back , while she 

opened her wings slightly and the male tried to grasp the tip of her 

her abdomen. If the female is unreceptive it usualy does not allow 

a hypopygial connection but instead bends its abdomen downwards and 

kicks violently. 
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In ~ morsitans, Huyton and Langley (1982) reported that a 

receptive female remained immobile whilst the male moved into position 

over her with characteristic rapid •ovements until they were aligned 

head-to-head with the male opening the wings of the female to expose 

the t e rgum. They also observed that an unreceptive feaale vibrated 

her wings i n the closed position with the abdomen flexed ventrally 

and the meso - and metathoriacic legs extended upwards to push against 

the body and wings of the male; if a male was unsuccessful his attempt 

was usually abandoned. In the laboratory ~ morsitans readily 

mate after the first blood meal, usually 1-3 days after emergence 

(Saunders and Dodd, 1972 ; Tobe and Langley, 1978). Langley (1977) 

reported however that species di fferences exist and that in 

~ pallidipes, females became s e xua lly receptive when they were 

7-9 days old. Jaenson (1978b) and Leegwater-van der Linden (1982) 

reported peak receptivity fo r females of ~ palliaipes a t the 

age of 8- 13 days, but Rogers (1972) reported this to be 7-9 days. 

There are variations in the time when females are mos t attractive 

to males (Tobe and Langley, 1978). Nonetheless, whatever the 

prefer r ed age at eating of female Glossina, there is no doubt 

tha t there is a period when virgin females are 11ost receptive to 

•ales, and this is normally before the first oocyte has matured 

(lobe and Langley, 1978). This may not be true for all species of 

G!ossina; for exa•ple, Jaenson (1980) and leegwater-van der Linden 

(1982) found tha t in f emale ~ pallidipes, receptivity increases at 

the time of maturation of the first egg. Even though many males wil l 
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mate when quite youn9 (for exa•ple, as seen in eaergence cages of 

~ aorsitans) there is likely to be a proble• of inse•ination. 

Indeed, Nash (1955) found that females of ~ palpalis 1-5 days old 

were much more willing to copulate than those 6-8 days old, but 

aales must be 7 to 8 days old before their virility will approach that 

of older males. Rogers (1972) a lso found that female ~ pallidipes 

aated when 3 or 5 days old gave lower production than those mated when 

7 or 9 days old. The explanation was that those which mated earlier 

were probably not inseminated due to their failure to complete the 

process. In houseflies, Chaudhury and Ball (1974) found that 

at tr action seemed to be maximuM when females were 5 to 6 days old and 

males were 4 to 8 days old post-emergence. It is therefore necessary 

that the precise age at mating should be determined if large scale 

rearing is to be successful. 

Although behavioural differences clearly exist between different 

species of organisms , in •any cases, differences can also exist 

between aeabers of the saae species . Jaenson (1978b) reported that in 

East Africa, ~ pallidipes appeared to ex ist in indis~rete 

populations and likely to be subjected to different ecological 

conditions. Different ecological strains could thus behave 

differently. Van Etten (1981) also observed such differences between 

the Nguruaan and Mwalewa forest flies in Kenya . 

What is it that makes a sexually receptive feaale attractive to 

males? Langley et ~ (1975) speculated that a sex pheromone 

aight be present in Glossina which stimulates matin9 similar to 
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the sho r t range sex phero•one in Musca doaestica . This was 

confirmed by Langley et !l (1975) and Langley (1974 and 1977) 

who reported that a hydrocarbon component of the adult fe8ale 

cuticle of ~ morsitans acts as a contact pheromone and elicits 

copulatory behaviour in males, and that the male sense organs through 

which this operates was unknown. The existence of such a sex 

pheromone in ~ pallidipes was also demonstrated (Langley et !l, 

1982) and a contact sex pheromone was identified in ~ austeni by 

Huyton et !l, (1980a and 1980b) . In ~ ~ morsitans three 

components, 15, 19-dimethylheptatriacontane, 17, 21-

dimethylheptatriacontane and 15, 19, 23-trimethylheptatriacontane were 

isolated from female flies (Carlson et !l, 1978). These workers 

found that these three compounds independently caused release of 

mating attempts by the male at ultra - short range or upon contact; 

the third compound was the most active. 

In ~ pallidipes, 13, 23-dimethylpentatriacon t ane was found 

to be the most active co•pound (Carlson and Langley, 1983). It has 

been shown that differing responses of males of ~ ~ •orsitans 

were largely the consequence of differences in composition of the 

female surface cuticular paraffins and not of female behaviour 

(Huyton et !l, 1980b) . It was later found that receptors arranged 

in two pairs on the inner and outer sides of the proximal end of the 

tibia of the legs of ~ morsitans function in the perception of 

sex pheromones (Schlein et !l, 1981b). It was reported by 

Huyton et !1_, (1980a) that the amount of sex pheromone in the 

cuticular surface of females of~ morsitans did not decline with 
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age and that there was no evidence that females became less sti•ulatory 

to males with age . However, there are hexane-soluble substances on the 

cuticle of male flies which terminate courting by other males on 

contact (Schlein et !l_, 19Bla and 198lb; Coates and Langley, 1982). 

It was suggested that receptivity in Glossina could be 

related to pheromone production. However, Langley et !l. (1982) 

thought thi s unlikely. These authors reported that sex pheromones of 

~ pallidipes are present in very young females in sufficient 

quantity to elicit full copulatory responses from males. The control 

of receptivity in tsetse flies is still largely unknown. 

Saunders and Dodd (1972) found that females of ~ morsitans appear 

to be receptive after taking a blood meal. Gillott and Langley (1981) 

reported that loss of receptivity after mating in ~ morsitans is 

due to the exchange of male accessory gland secretion as well as 

mechanical stimulation during ~ating; either factor on its own is 

ineffective in controlling receptivity. Dame and Ford (1968) had 

suggested that the relative amount of semen in the spermathecae •ay 

influence female receptivity to subsequent matings. This has not been 

confirmed. Samaranayaka-Ramasa•y (1981) reported that in 

~ aorsitans , the diameter of the aal e accessory gland increased with 

age; a clear correlation was seen between the increase in diameter of 

ARG and the amount of sper• transferred. Does it then follow that 

males become more aggressive at the time of maturity of their 

accessory gland? This has not yet been confirmed in other species of 

Glossina. The relatively long interval that must elapse before 

females can re~ember their mating experience suggests a hormonal 
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release or neural facilitation (Tobe and Langley, 1978). Recently, 

Chaudhury (1988) reported that male sexual maturation, mating 

behav·our and i nseminating capability are all regulated by total blood 

intake, and by complex neuro- endocrine mechanisms involving both 

juvenile hormone and brain hormone. 

2.2 LABORATORY REARING OF GLOSSINA SPP. 

Laboratory colonization of Glossina was said t o have been 

accomplished only on very few occasions and even then usually only 

partially and with difficulty (Lumsden and Saunders, 1966). 

The situation has changed very little with regards to the r earing 

of ~ pallidipes. However, other species like ~ morsitans 

are being reared successfully. 

The maintenance of tsetse flies in the - laboratory was begun early 

this century , but was on a small scale (Mellanby and Mellanby, 1937 ; 

Willet t , 1953). Attempts to produce self-sustaining co lonies were 

made by Willett (1953) in order to avoid the difficulties of obtaining 

pupae from remote distric t s by post, and the losses inherent in this 

method of supply. This attempt was partially successful with ~ few 

species such as ~ austeni and ~ swynnertoni. Azevedo and Pinhao 

(1964 ) were the first to report the results of a successful attempt to 

rear a single-line colony of ~ morsitans at the Lisbon Institute of 

Tropical Medicine. The original pupae of ~ morsitans were obtained 

from Mozambique. However, many problems arose with ~ pallidipes, 

especially with fertilisation; the time of sexual recepti vi ty had not 

been adequately studied. 
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In the 1960s, self-sustaining colonies of various species of 

Glossina were kept in many countries. The tsetse flies were fed 

mostly on Guinea pigs and sheep. Nash et !l (1966a) reported a 

method for rearing G.austeni on a small scale using rabbits, ears 

for feeding . This was apparently a more simple and easy way of feeding 

tse tse. Their results showed that the full reproductive potential of 

~ austen i was reached and the insects did not appear to be 

physically inferior to those found in nature. The productivity of 

flies fed on lop-eared rabbits was also found to be better than any 

previously obtained for Glossina using other methods (Jordan and 

Curtis, 1968a and 1968b; Curtis and Jordan, 1968). It was concluded 

that the improvement was due to excellent nutrition of the flies. It 

was thought that for large scale rearing a much better way of feeding 

a large number of flies within a short time was desirable. 

Nash ~ !l (1968) were able to arrive at such a method; they 

described a technique for a large scale rearing of ~ austeni 

at the Tsetse Research Laboratory, University of Bristol. Goats were 

used for feeding . Using this method, it was found that the mean age 

at death of fe•ales was about 120 days, and the average yield was 

9-10 pupae per female. This method proved successful and the colony 

became self-supporting and produced a surplus in excess of the demand 

by workers in the United Kingdom and elsewhere . 

It appea r s however that the suitability of any feeding method 

depends not only on the species of tsetse flies but also on the animal 

used for feeding. For example, Nash (1968) reported that the performance 

of female ~ morsitans fed on rabbits' ears was not so good as that 

of~ austeni. Jordan and Curtis (1968b) compared ~ austeni 
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fed on rabbits with those fed on goats. They showed that the fe cundity 

of the rabbit-fed females remained substantially constant whereas 

f ecundity declined at an earlier age in goat-fed females. 

Curtis and Jordan (1970) also showed that rabbit-fed flies did 

slightly better than goat-fed ones. The merits of using goats in 

tsetse mass rearing was described by Nash and Jordan (1976). 

Nevertheless, Jordan and Curtis (1968b) suggested that, if mass 

rearing of Glossina were to be undertaken, the relative merits 

of goats and lop-eared rabbits as hosts would require investigation. 

Various tsetse species have been reared successfully, 

for example, ~ morsitans, ~ palpalis, ~ austeni and 

~ !!.:.. submorsitans. In spite of these successes some other species, 

for example, ~ pallidipes and G.longipennis have s til l proved 

difficult to rear. Owaga (1981) tried to rear ~ lonqipennis and 

found that this species could not breed easily in the laboratory. 

One problem was their refusal to mate. It was also found that there 

was a high rate of abortion in the laboratory reared females compared 

with the wil d caught females. In Kenya and elsewhere in Eastern 

Africa, ~ pallidipes is important in the t ransmission of both 

hu•an and animal trypanoso~iasis. There have been several atte•pts 

to rear this species in the laboratory with partial success . 

Van Etten (1981) tried to raise a colony from two allopatric 

populations of ~ pallidipes in Kenya. Though he was unsuccessful, 

he arrived at the conclusion that the two populations differed in 

copulati on time, pupal weight, age at which the first larva is produced 

and duration of interlarval periods; and therefore there was 

population diversity in this species. 
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Several studies have been carried out upon individual populations 

in order to understand other behavioural differences ex i sting between 

different populations. Jaenson (1978b) found that the reproductive 

biology of ~ pallidipes from Kibwezi forest in Kenya differed in 

some respects from that originating from the Lambwe Vall ey also in 

Kenya. In his studies, Van Etten (1981) found that the key factor 

which affected his colony from Mwalewa Forest was loss due to low 

production whereas in Nguruman colony, the key factor was pre-mating 

mortality. Rogers (1973a) and Rogers and Kinyanjui (1972) had 

ea rlier repo rted on a self-supporting colon y of ~ pallidipes 

originating from Tororo in Uganda using a 7-day-a-week feeding 

regimen. However, Leegwater - van der Linden (1981) thought this 

to be unnecessary, and reported that there was only a minor 

difference in interlarval period between flies fed daily and flies 

given a 4-day-a-week feeding regimen. It was however noted that 

the offspring of daily fed flies lived slightly longer and 

produced slightly heavier pupae. Madubunyi (1988) also reported 

that daily feeding had no advantage above feeding either every 

other day or once every 3 days (at least throug h the first 

pregnancy cycl e ) in ~ morsitans. The conflict of views 

indicates that each population should be considered in its own 

perspective and generalisations should be avoided. 

The problems of rearing ~ pallidipes notwithstanding, in 

roads are being made and s uc cessful colonies of ~ pallidipes have 

been reported by some workers. Leegwater-van der Linden (1980) 

described the successful rearing of ~ pallidipes in Amsterdam 
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usin9 lop-eared rabbits for feeding the flies. Ochieng et !!. (1987) 

also reported the successful rearin9 of ~..!.. pallidipes using a si•ple 

grass-thatched hut . The flies were ottered blood every day 

(H.K. Banda, pers. comm.). Gradually, successful results are being 

reported in various places. Langley (1989) has described the 

successful laboratory colonization of ~ pallidipes (Lugala, Uganda 

strain) at the Tsetse Research Laboratory, University of Bristol . In 

this colony, the flies were f ed 6 days a week on defibrinated blood. 

It is however apparent that different methods will be necessary for 

the successful rearing of different strains of ~ pallidipes. 
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CHAPTER J 

GENERAL MATERIALS AND METHODS 

3.1 SOURCE OF TSETSE FLIES 

§...:.. morsitans used in this study were obtained from the 

ICIPE colony maintained at about 25°C and 65 - 75% relative humidity 

with a regime of approximately 12 hours dim light and 12 hours 

darkness, and fed on rab bit-ears 6 days a week. ~ pallidipes 

was trapped at Nguruman in the Rift Valley of Kenya using biconical 

traps baited with cow urine and acetone. Females were fed on rabbits 

soon after collection (Plate 2) and were brought to the laboratory 

in Nairobi. Nguruman is semi-arid with an annual rainfall of 

600-700mm . The annual mean maximum and minimum temperature i s 

30 - 34°C and 14 - 18°C respectively. The vegetation is dominated 

by Acac ia ~ and two tsetse species are found here: 

§...:.. pallidipes and ~ lonqipennis (Van Etten, 1981). 

3.2 REARING AND MAINTENANCE OF TSETSE FLIES 

In the laboratory, wild !L_ pallidipes trapped at Nquruman 

were maintained at 25±1°C, 75-80% relative humidity and LO 12:12 

(12 hr light: 12 hr dark). Groups of 20 - 25 flies were held in 

PVC cages measuring 18 x 8 x 5 cm (Plate 3). Initially they were 

fed every other day on rabbit-ears but pr oduction was very low. 

This feeding regime was therefore changed and the flies were given 
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PLATE 2 

FEEDING TSETSE FLIES ON LOP-EARED RABBITS 
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PLATE 3 

LABORATORY PVC CAGES FOR HOLDING TSETSE 
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the opportunity to feed everyday (except on Sunday) which boosted 

productivity tremendously. Every morning, newly emerged flies were 

collected and sexed; they were considered to be one day old. 

According to Nash (1955), abou t three-quarters of the emergence of 

tsetse flies takes place before dusk so that 75% of the flies are 

14 - 24 hours old. The ~ flies were maintained under the same 

conditions as the wild flies and were kept until used in experiments. 

Wild flies were discarded when they were about two and half months 

old in the labo ratory, and replaced by newly trapped ones. 

3.3 MATING TSETSE FLIES 

In mating experiments, the t setse flies were either mated singly 

in transparent plastic vials (Plates 4 & 5) or group-ma t ed in PVC 

holding cages (Plate 3) at a temperature of 25! 1°C after 

temperatures of 22°C, 24°C, 25°C and 26°C were tried using a few flies 

of ~ pallidipes. ~ morsitans was also mated at the same 

temperature. Receptivity in both species of flies was determined 

as follows: a female is r egarded as receptive if she remains passive 

and opens i t s wings or the wings are pushed open by the •ale and 

hypopygial connection is made. It is refractory if s he bends her 

abdomen downwards and closes her wings; if forced it reacts violently 

by struggiing with the male. The females of ~ morsitans used in 

the mating experiments were usually 3 days old and the male 7 - 18 

days old, unless otherwise stated. For ~ pallidipes the ages 

used are specified in individual sections. All mating experi~ents 

were started in the morning between 8.00 and 9.00am unless otherwise 

stated. 
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PLATES 'I AND 5 

TRANSPARENT PLASTIC MATING VIALS 
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Plate 4 

Plate 5 
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3.4 DISSECTIONS 

The f l ies were killed by gently squeezing the thorax; the legs 

and wings were then removed. Dissections were carried out in 

0.9% NaCl on a microscope slide, under a dissecting microscope . 

A fly was dissected by placing it on its ventral surface and held 

at the thorax with a pair of forceps and another pair of forceps 

used to hold the rear end of the abdomen and to pull the abdomen 

to reveal the reproductive system. 

3.5 ESTIMATION OF DEGREE OF INSEMINATION 

The degree of insemination was estimated using the method of 

Nash (1955). When the spermathecae are e•pty they appear transparent 

but when they contain sperm, the whole or parts of the sper~athecae 

become opaque depending on the degree of insemination 

(Mellanby, 1936). If a female is fully inseminated, that is, when 

both spermathecal vesicles appear dark brown and completely opaque, 

the degree of insemina tion is expressed as: 1.00 + 1. 00 = 2.00. In 

some cases, females are only partially inseainated; one vesicle may 

be full and the other empty, or one-half full and the other one­

quarter full; in such cases the degree of insemination is recorded 

as 1.00 + 0.00 = 1.00, and 0.50 + 0.25 = 0 . 75 respectively. 
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3.6 ANALYSIS OF RESULTS 

The results were analysed using the anal ysis of variance (Anova), 

•ultiple range, d Spearman rank correlation coefficient and 'X~tests. 

These are all described in Parker (1979), except the Spearman rank 

correlation coefficient which is described in Lapin (1980). The 

for&ulae for the "'t-~ test using Yates correction, the d test and 

Spearman rank correlation coefficient are given in the appendix. 

Tabl es fo r the Anova tests carried out in this work, and the data for 

all the figures presented in Chapters 4 and 6 are also shown in the 

appendix. Data for the figures in other Chapters are adequately 

displayed in the figures presented and are therefore not shown in the 

appendix. 

3.7 IMPORTANT DEFINITIONS 

Fe~ale Receptivity: The willingness to mate. Receptive females of 

Glossina ~· open their wings and keep 

their abdomen horizontal to allow a male to 

engage genitalia ("anning, 1967; Jaenson, 

1978b & 1979b ; Gillett and Langley, 1981). 

Female Refractoriness: Refractory females of Glossina ~· bend 

their abdomen downwards so as to prevent 

aales fro• engaging genitalia (Jaenson, 1978b 

and 1979b; Huyton and Langley, 1982). 
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Mating/Copulation: This refers to the pairing of a male and 

fema le with the occurrence of the •ale 

terminal jerking behaviour at the end 

(Jaenson~ 1979a). 

Duration of Copulation:The period between the engagement of male 

and female genitalia of Gloss ina ~· 

until they disengaged after the male 

jerking or ejaculatory period (Jaenson, 

1978a). 
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CHAPTER 4 

THE EFFECT OF VARIOUS FACTORS ON FEMALE 
RECEPTIVITY OF GLOSSINA MORSITANS MORSITANS WESTWOOD 

~.1 INTRODUCTION 

It has been shown that the willingness of virg in females of 

tsetse flies to mate decline with their age. Jordan (1958) 

f ound that virgin female ~ palpali s up to 10 days of age will 

mate several times but the willingness to mate declines with age . 

Saun ders and Dodd (1972) also found that, in the laboratory, 

~ morsitans mate readily after the first blood meal, usually 

1 - 3 days after emergence. Females that had not taken a blood 

meal were often refractory to mating (Tobe and Langley, 1978). 

Dame and Ford (1968) and Gillo tt and Langley (1981) have shown 

that after a female has •ated its willingness to Mate di•inishes 

rapidly . It is not clear how soon this happens. "ost of the work in 

this area have shown that within 24 hours a proportion of previously 

•ated flies would have lost their receptivity to further mating. 

Gillett and Langley (1981) also showed that over 80% of female 

~ eorsitans were refractory within 2 days postmating. This 

rapid decline in receptivity attests to the monoga•ous nature of 

tsetse flies; and probably the observation in the laboratory of 

multipl e mating by females is not a common occurence in nature. 

In the confines of a small tube there could be forced matings. 
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The duration of copulation could affect the degree o1 

inse•ination and correspondingly it could determine whether a 

previously mated female will accept a second male. Tobe and Langley 

( 1978) suggested that this was so, but no experimental evidence is 

available. Ther e is no evidence also that the duration of copulation 

can affect a second mating but the suggestion by Tobe and Langley 

(1978) that it could affect the degree of insemination suggests an 

indirect effect. According to Tobe and Langley, the number of matings 

is directly related to the amoun t of semen in the spermathecae 

because of Jackson ' s observation that the spermathecae of young female 

~ palpalis contained less semen than those of older females . 

Pinhao and Gracia (1973) also r epo rted that in ~ austeni, flies 

that had successfully copulated twice contained significantly more 

sperm in their spermathecae than those that had copulated only once. 

It is important to mention that these authors used males that were 

4 - 5 days old and were therefore immature. Dame and Ford (1968) 

reported that females of ~ morsitans accept multiple inseminations 

and become less receptive to subsequent inseaination if the initial 

pressure is sufficiently heavy. 

It has been reported that in Musca domestica, loss of 

receptivity to males by females after aating is caused by the presence 

in the female of the accessory material produ ced in the •ale 

ejaculatory duct (Riemann and Thorson, 1969). This cou ld also be true 

of Glossina . In this regard, Gillott and Langley (1981) reported 

that in Glossina morsitans, l oss of receptivity of females after 

•ating is not caused by male accessory gland secretion alone but also 
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by mechanical sti•ulation acting jointly . These authors also reported 

that either factor on its own is not effective and that the nature of 

the receptivity inhibiting factor was unknown as well as its •ode of 

action. Gillett and Langley did not observe any effect of the 

haemolymph of a mated female on receptiv ity in virgins. They sta ted, 

»the mated status of females does not result in the initiation of new 

physiological processes, but merely alters the competence of organ 

systems to respond to the demands of the reprodu ct ive proces s". The 

studies reported her e were conducted so as to obtai n mo re detailed 

information on those factors known to affect receptivity in other 

dipterans that have been suggested as possible causes of 

refractoriness in Glossina and also to identify the receptivity 

inhibiting substance present i n male accessory gland secretion. 

4.2 MATERIALS AND METHODS 

4.2.1 EFFECT OF MATING ON FEMALE RECEPTIVITY AND 
REPLENISHMENT OF MALE ACCESSORY GLAND SECRETION 

Two hundred and twenty-five female ~ eorsitans and an equal 

nu•ber of males were paired singly in eating tubes (or vials}. They 

were allowed to mate only once. On successful completion of mating 

(i .e. there was male jerking at the end of the period}, males were 

separated from females and groups of 25 females we re presented with 

new ~ales immedi ately after the first •ating and after the following 

time intervals : 1, 4, 6, 24, 48, 72, 96 and 120 hours. The females 

were recorded as refractory or receptive according to their response 

to previously unmated males. 
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Replenishment of male accessory gland secretion (ARG) was 

deter•ined by mating 60 •ales with an equal number of feaales. The 

males were divided into six groups of 10. Group 1 was dissected 

immediately and the diameter of the ARG was measured using an ocular 

•icrometer; the remaining groups were dissected after q, zq, 72, 96 

and 126 hours respectively. Another group of 10 previously unmated 

males was dissected and served as a control. The mean of the diameter 

of a pair of glands per fly was determined. The above experiment was 

repeated but this time af ter being kept for q, 2q, 72, 96 and 120 

hours after mating, the males were re-mated with fresh feaales. 

The aproximate size of the spermatophores formed was determined 

by dissection of their female pairs and calculating the aean size 

after taking two measurements a t right angles. The control flies 

were mated with males that had never mated before and dissected 

immediately afte r separation. 

4.2.2 EFFECT OF DURATION OF COPULATION 
ON FEMALE RECEPTIVITY 

This was determined by recording the duration of copulation at a 

first mating and then recording whether a female accepted or r e fused a 

second male when presented with one (usually a previously un•ated 

aale) the following morning. The duration of the 'mal e jerking phase' 

was also determined. The last few minutes before the noraal 

termination of copulation which is characterised by violen t jerking 

aove~ents by the male is re f erred to here as ~male jerking phase' and 

will be used throughout this thesis . In another ex peri•ent, females 
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were mated and separated after ti•e intervals of 50, 60 and 80 

~inutes. Receptivity was determined after 72 hours by presenting them 

with previously unmated males. 

EFFECT OF DURATION OF COPULATION 
ON THE DEGREE OF INSEMINATION 

Groups of flies were mated and the duration of copulation was 

recorded. The corresponding value for the degree of insemination of 

the spe r mathecae was determined by r ecording t he mean spermathecal 

value CMSV) after dissection t he following morning. 

EFFECT OF A SECOND MATING 
ON THE DEGREE OF INSEMINATION 

One hundred and ninety-seven virgin females were paired singly 

in mating tubes. Upon separation , 66 were remated immediately; after 

2q hours, another group of 32 was a l so remated. The duration of 

copulation during the first mating as well as the second was 

recorded. The MSVs were also recorded 2q hours after each mating 

peri od. 

Two situations were compared. First, females were remated 

immediatel y after the termination of the first copulation and in 

the second, previously mated females were remated after 24 hours. 

In both cases, all males were 7-10 days old and previously unmated 

and the females were 3 days old at second matinq. 
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In another experiment, a group of 28 fe•ales was mated once 

with 3-day-old males and another group of 21 females was mated 

once with mature males (7-day-old) . These females were allowed 

to l arviposit until they were 77 days old. Aborted larvae were 

also recorded. 

4.2.S EFFECT OF THE DEGREE OF INSEMINATION 
ON FEMALE RECEPTIVITY 

Th ree day old females were paired with S, 7 and 9 day old males 

to give varying degrees of insemination. After 72 hours they were 

presented with previously unmated males and recorded as refractory 

or receptive. They were kept for 72 hou r s before testing because 

previous observations s howed that at this time only about 20% of 

females remain receptive after a previous mating. It was assumed 

that this percentage is ar rived at only if the flies are 

successfully stimulated by the factor that switches off receptivity . 

In this case it will happen if the degree of insemination is high . 

It was also assumed that flies with low ~SVs will remate in order 

to satisfy their normal requirement. In another experi•ent, males 

were mated several times until they became aspermic. Thi s was 

determin ed by examination of the spermathecae of the last female they 

mated with. They were then presented with virgin females; 72 hours 

after mating, these females were then tested for receptivity. Other 

groups of females were mated until the start of the 'mal e jerking 

phase' when they were immediately separated; the ir receptivity was 

also tested af te r 72 hours. 
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4.2.6 EFFECT OF "ALE ACCESSORY REPRODUCTIVE GLAND 
SECRETION ON FEMALE RECEPTIVITY 

Seven to nine day old virgin males were dissected in sterile 

saline (0.9% saline was autoclaved a day before being used) to remove 

their accessory reproductive glands. Sterile conditions were 

maintained throughout the dissections. The slides, forceps, 

dissecting needles and eppendorf tubes used were autoclaved before 

use. After each dissection, the forceps and dissecting needles were 

dipped into 95% ethanol to ensure sterility. The glands were 

carefully dissected out with all adhe r ing fat body removed. They 

were then transferred into an eppendorf tube containing sterile saline 

kept in a plastic bowl containing ice cubes in order to prevent any 

denaturing of the proteins. 

The accessory reproductive glands were homogenised in saline 

using a hand homogeniser. The homogenate was then centrifuged at 

5,500 g/min for 40 minutes in a refrigerated minifuge. The 

supernatent was taken and diluted to the required concentration with 

sterile saline. Concentrations of 0.5, 0.84 and 1.00 gland pair per 

•icrolitre were prepared. A Hamilton microlitre syringe (Hamilton 

Bonoduz AG, Switzerland) was used to inject 3-day-old previously fed 

females with 1f1- of the above concentrations through the mesothoracic 

suture. The debris left at the bottom of the eppendorf tube ~as mixed 

with 20jJL saline and injected into another group of females. 

Homogenate alone was also injected in another experiment. After 

time intervals of 3, 6, 12 , 24, 48, 72 and 96 hours, the injected 

females were presen ed with 7-day-old males and recorded as receptive 
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females were presented with 7-day-old males and recorded as receptive 

or refractory. Any eodification to the above procedure is given in 

individual sections of the results. Previously unmated fe•ales as 

well as saline-injected females served as control s. 

4.2 . 7 EFFECT OF MECHANICAL STIMULATION 
ON FEMALE RECEPTIVITY 

Seven-day-old males we r e surgically operated upon to sever their 

ejaculatory duct (Plate 6). A wax-bottomed petri dish was cleaned 

with 95% e thanol. A fly was placed dorsally in the petri dish and 

kep t in position with blu-tack (Bostik Emhart, Leicester) which is a 

plasticine-like material but odourless. The set up is shown in Plate 

7. The fly was immersed in cold sterile sa line which served as an 

anaesthetic. The dish was then put on top of the stage of a 

dissectin g microscope. A pair of Moria micro-scissors (manufactured 

by Moria-Dugast, S.A. of Paris, France) previously cleaned with 

95% ethanol was used to make a minute cut on the ventral surface 

of the abdomen of the fly just in front of the hectors (Figure 1). 

A pair of fine forceps also previously cl eaned wi th 95% ethanol 

was then carefully introduced into the incision to pull out the 

ejacul atory duct . When located two cuts were made just below the 

loop where the accessory r eproductive gland and vas deferens 

bifurcate (Fig ure 2). Care was taken not to pull out much of the 

ARG or any other organ. Severing of the •ale ejaculatory duct 

prevents both accessory reproductive gland secretions and spere 

from being transferred during copulation. 
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PLATE 6 

MALE ACCESSORY REPRODUCTIVE GLAND (ARG) AND 

TESTES WITH EJACULATORY DUCT (ARROWED) 
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PLATE 7 

TSETSE MALE HELD IN POSITION WITH 

BLU-TACK READY FOR SURGICAL OPERATION 
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FIGURE 1 

VENTRAL SURFACE OF THE TERMINAL SEGMENTS OF A MALE 

TSETSE FLY SHOWING WHERE A SMALL INCISION WAS MADE 

DURING SURGICAL OPERATION TO SEVER THE EJACULATORY DUCT 
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FIGURE 2 

MALE ACCESSORY REPRODUCTIVE GLAND AND TESTES 

SHOWING WHERE TWO CUTS WERE MADE ON THE EJACULATORY DUCT 
(ARROWED) 
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The operation wa s generally successful if very little of the 

internal organs were pu ll ed out. With practice, i t was possible to 

pull out just the loop of the ejaculatory duct. Eve rythi ng that was 

pulled out (fat body, ARG etc) was then pushed in aga i n. The saline 

was disposed of and t he blu-tack removed. The operated fly was then 

returned into a PVC holding cage where it recovered within a f ew 

minutes (about 3 - 5 minutes) if the operation was successful. After 

each operation the for ceps and scissors were dipped into 95% ethanol 

and the saline pou r ed out an d r eplaced with fresh one . Any fly with 

too much of its internal organs removed during the procedure was 

discarded as such flies usually die within a few minutes. 

Successfully operated flies lived for over S weeks. 

Operated f lies were kept for about 3 days to f ul ly recover and 

behave like normal flies befo re being used in experiments. These 

flies were ma ted singly with 3-day-old females and tested for 

r ece pt ivity af t e r 72 hours. The f ema l es were dissected and their 

spermathecae examined to ensu r e that s perm we r e not transferred 

du ring mating. Sham-operated (simulated surgically operated males) 

were prepa r ed in the same way but their ejaculatory ducts were 

onl y touched but not severed. 
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4.2.8 EFFECT OF HAEMOLYMPH OF MATED FEMALES ON 
RECEPTIVITY OF VIRGIN FEMALES 

Three-day-old females were mated and after 72 hours, haemol ymph 

was obtained from them by decap itation and withd raw ing the haemolymph 

with a micropipette that was pulled out and calibrated t o deliver 

tfL (Plate 8). This was used because it was difficult t o get 

haemolymph out of a fly using a Hamilton microsyringe. It should be 

mentioned that decapitation causes contamination with other fluids, 

for e xamp le, saliva. However, this was the best method to ob t ain 

haemolymph since it was difficul t to withdraw it from severed limbs; 

the microsyringe also got bloc ked easily. 1 jtL of haemolymph so obtained 

was injected into previously unmated 3-day-old females. After 72 hours 

t hey were tested for receptivity. 

4.3 ~ESULTS 

4.3.1 EF FECT OF MATING ON FEMALE RECEPTIVITY AND 
REPLENISHMENT OF MALE ACCESSORY REPRODUCTIVE 

GLAND SECRETION 

Receptivity declined rapidly after mating (Tabl e 1). Immediately 

after mating, about 85% of females were s till recept ive. There 

appeared to be a time lag before the females realised that t he y had 

mated. Thus, after one hour about 50% were refractory. This trend 

continued up to 24 hours post-mating. The results also showed that up 

to 24 hours post-mati ng almost 60% of the flies remained receptive . 
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PLATE 8 

CALIBRATED MICROPIPETTE TO 

DELIVER l Jil' OF SOLUTION 
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TABLE 1 

PERCENT RECEPTIVITY OF FEMALE ~ MORS I TANS 
AT VARIOUS INTERVALS AFTER MATING 

Hours after mating 
Pre- mated 

0 85 

1 54 

4 40 

24 61 

48 35 

72 33 

96 11 

120 22 

n '= 25 females in each group 

Receptive 
Unmated(control) 

100 

97 

100 

100 

84 

97 

84 

90 



However, up t o 120 hou r s post-mating, about 20% of the flies were 

still receptive . Mating did not cause instantaneous r efrac to riness in 

females. 

Soon after ma t ing (0 hours ) , 4 and 24 hours, the ARG was small; 

t he re was a high!; significant difference in ARG diameter when 

compared with unmated control males (F = 10.97,P<0.01). There 

was , however, no significant difference between the size of ARG at 0, 

4 and 24 hours post-mating (Figure 3). This compar ison is shown in 

Table 2 which is a multiple range test (Parker, 1979) comparing the 

mean diameter of ARG before and after mating. The rate of synthesis 

was slow at t he beginning but increased thereafter . The ARG attained 

its normal maximum size after about 48 hours post-mating. It was 

difficult to show the effect of a small ARG on the size of the 

spermatophores formed because of their elas tici ty. On dissection, 

spermatophores of distorted s hapes were visible which could not be 

easily measured. However, immediately after a first mating the 

spermatophores formed by males that remated appeared sma l ler than 

those produced by previously unmated males . 

4.3.2 EFFECT OF DURATION OF COPULATION ON 
FEMALE RECEPTIVITY 

Copulation for most flies lasted for between 2 to 3 hours. 

Most of them copu l ated only once irrespective of the duration of 

copulation (Figure 4). Of the f lies that copulated only once, 

23.6% copulated for one hour and over 60% copulated for a period 

between 2 and 3 hours (Table 3). 
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FIGURE 3 

CHANGE IN DIAMETER OF THE MALE ACCESSORY 

GLAND -(A R.G) . AND STANDARD ERROR 

AT VARIOUS HOURS AFTER MATING 

C = CONTROL FLIES WHICH WERE UNMATED 
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0.18 

0. 
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Time 
(Hours) 

0 

4 

24 

48 

72 

96 

Unmated 

TABLE 2 

MEAN DIAMETER OF MALE ACCESSORY REPRODUCTIVE 
GLAND (mm) BEFORE AND AFTER MATING COMPARED 

USING A MULTIPLE RANGE TEST 

( con tl'ol) 

Dia•eter of ARG(mm) 
Mean t SD 

0.12 0.01 

0.13 0 .02 

0.14 0.02 

0.16 0.01 

0.17 0.02 

0.17 0.01 

0.17 0.02 

Any two not underscored by the same l etters are 

significantly different; any two underscored 

by the same letters are not significantly different. 

53 

c 

c 

b c 

a b 

a b 

a b 

a 



FIGURE 4 

PERCENT FEMALE FLIES MATING ONCE OR TWICE 

RELATED TO THE DURATION OF COPULATION 

FLIES UNWILLING TO REMATE 

Ill/II!/ FLIES WILLING TO MATE TWICE 
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TABLE 3 

PERCENTAGE OF FEMALES COPULATING ONLY ONCE OR 
ATTEMPTING A SECOND RELATED TO THE DURATION OF COPULATION 

Duration of Copulation 
(Hours) 

1 - 2 

2 - 3 

3 - 4 

n = 116 

% Females Copulating 
once 

32 

32 

13 

56 

% Fema les attempting 
second copulation 

32 

25 

9 



Similarly, over 55% of those that attempted to copulate twice 

took 2 - 3 hours to complete the fi r st copulation. There was no 

significant effect of the duration of copulation on receptiv1t ) 

( ')l:l. = 1.82, P>0.05). It is noteworthy that these results apply to 

matings with mature males and females of the right age (>7 da ys and 

3 days of age respectively). The general trend was towards a single 

copulation. It did not matte r whether a female copulated for onl y 

one hour or more, most flies mated once than rather than twice. 

When females were given the opportunity to mate for 50, 60 and 80 

minutes before being forcibly separated (male jerking phase was not 

reached) usually more than 90% attempted a second copulation 

(Figure 5). This confirms that the duration of copulation has no 

effect on receptivity. The jerking phase took an average of 2.81 

minutes (n = 50). 

4.3.3 THE EFFECT OF DURATION OF COPULATION 
ON THE DEGREE OF INSEMINATION 

The spermathecae were classified according to the size of the 

sperm mass using a modified version of the method of Pinhao and 

Gracia (1973). The follow ing classes were obtained: 

Classes MSV 

I 0 

II < 0.50 > 0 

III > 0 . 50 < 1.00 

IV > 1.00 < 1. 50 

v > 1. 50 < 2.00 

VI 2.00 
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FIGURE 5 

PERCENT FEMALE FLIES MATING ONLY ONCE OR 
ATTEMPTING A SECOND AFTER GIVEN THE OPPORTUNITY 

TO MATE FOR 50, 60 AND 80 MINUTES 

FEMALES REFUSING TO REMATE 

Ill/I/I/II FEMALES WILL I NG TO MATE TWICE 
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The results show that 96% of all the females had MSVs in 

classes V and VI (Table q). Irrespective of the duration of 

copulation 3-day-old females mated to 7-9-day-old ma les had either 

full or almost full spermathecae . Only an insignificant percentage 

of flies were found with very low MSVs (classes I - III). The 

results did not suggest any effect of the duration of copu lation on 

the deg ree of insemination. When copulation took one hour , 97% of 

the females had MSVs in classes V and VI, and when it lasted for 3 

hours, 96% had MSVs also in classes V and VI. Furthermore, it was 

not indicative from the results that longer duration of copulation 

resulted in high MSVs or vice versa. Generally, duration of 

copulation lasted between 1 - 3 hours for ove r 85% of the flies 

(mean = 2hrs 51mins t sqmins SD). 

EFFECT OF A SECOND MATING ON THE DEGREE 
OF INSEMINATION 

Figure 6 shows that when females were mated only once. about 

90% were in the MSV classes V and VI . However, only 50% were in 

these two classes when females were remated immediately after the 

first copulation. Fifty percent of the remated flies had 

spermathecae that were either empty or partially full. Grouping 

the MSV classes into partial and full spermathecae, a X,~ - test 

using Yates co r rection gave a highly signif icant difference 

between once mated and twice mated flies c'X.~ = 26.0, P<0.001). 
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TABLE q 

DEGREE OF INSEMINATION RELATED 
TO THE DURATION OF COPULATION 

Duration of Copulation 
(HOUl'S) 

1 - 2 

2 - 3 

3 - 4 

q - 5 

s - 6 

> 6 

n = 106 

I 

0 

0 

0 

0 

0 

0 

No of flies in indicated classes of 
insemination 

II I II IV v VI 

0 1 0 32 3 

0 2 0 22 3 

0 0 1 25 3 

0 0 0 8 0 

0 0 0 4 0 

0 0 0 2 0 
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FIGURE 6 

PERCENTAGE OF 3-DAY OLD FEMALE FLIES UNINSEMINATED 
WHEN MATED ONCE OR TWICE WITH 7-10-DAY OLD MALES 

AND THE DEGREE OF INSEMI NATION 

(THE TWICE MATED FEMALES WERE REMATED IMMEDIATELY 
AFTER THE TERMINATION OF THE FIRST MATING) 

FEMALES MATED ONCE 

/I/II /I ll FEMALES MATED TWICE 
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In the second s ituation (Figure 7), none of the flies that 

remated 24 hours after a first mating was found to be in a lower MSV 

class. One hundred percent of flies in this group were in classes V 

and VI. Insemination was therefore improved at a secon d mating 24 

hours after the first. Class VI was predominant. However. grouping 

the classes as stated above and performing a~~ - test using Yates 

correction showed no significant difference between onc e mated and 

~ 
twice mated flies <'X = 0.71, P>0.05). The duration of the first 

copulation was significantly different from the second using the 

d-test according to Parker (1979); *d = 548.8, P<0.001. The mean 

duration of the first copulation was 171.35 minutes and the second 

was 93.15 minutes (n = 66 in both cases). 

When 3-day-old males were mated to 3-day-old females, almost 

90% of these females were either uninseminated or had very low 

degrees of insemination (Figure 8) . When such females were a llowed 

to remate with mature males (7-10 days old) 24 hours after the first 

mating, there was a highly significant difference in the degree of 

insemination (~1 = 37 . 9, P<0.001). At the age of 77 days, females 

which were mated to 3-day-old males had produced 3.1 l arvae (n = 28) 

whereas those that mated to mature males (7 days and over) produced 

5.9 (n = 21) larvae. 

*d = standard normal deviate 
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FIGURE 7 

PERCENTAGE .OF 3- DAY OLD FEMALE FLIES 

INSEMINATED WHEN MATED ONCE OR TWICE WITH 

7-10-DAY OLD MALES AND THE DEGREE OF INSEMINATION 

(THE TWICE MATED FEMALES WERE REMATED 

24 HOURS AFTER THE FIRST MATING) 

FEMALES MATED ONCE 

/Ill/Ill/I FEMALES MATED TWICE 
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FIGURE 8 

PERCENTAGE OF 3-DAY-OLD FEMALES INSEMINATED 

FOLLOWING MATING WITH 3-DAY-OLD MALES COMPARED WITH 

PERCENT FEMALES INSEMINATED WHEN REMATED WITH MATURE 

MALES AND THE RESULTANT DEGREE OF INSEMINATION 

FEMALES MATED ONCE WITH 3-DAY-OLD MALES 

//Ill/Ill// FEMALES MATED ONCE WITH 3-DAY-OLD MALES 
AND THEN REMATED WITH 7-10-DAY-OLD MALES 
24 HOURS AFTER THE FIRST MATING 
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4.3.5 EFFECT OF DEGREE OF INSEMINATION 
ON FEMALE RECEPTIVITY 

One hundred and thirty- two 5-10-day-old males were paired with 

3-day-old females. Five-day-old males were used in order to ob tai n 

varying degree of insemination. Table 5 shows that even with 5-day-

old males about 95% of the flies showed a high degree of insemination. 

Those showing very low degrees of insemi nation did no t necessarily 

show a willingness to re-mate. About 95% of females that mated only 

once were in classes V and VI and about 91% of those that mated twice 

were also in classes V and VI. This means that those with full 

spermathecae did not mate only once as was once thought, instead 

over 90% mated twice even when they had very high degrees of 

insemination. 

When 3-day-old males were mated to 3-day-old females, 69% were 

sti ll receptive after 72 hour s post-mating (Tab le 6), whereas only 

24% were receptive when they were mated to 7-10-day-o l d males for 

the first time. Three - day -old males could not inseminate well and as 

such gave very low degrees of insemination (Figu r e 8). However, Table 

7 shows that females that were mated to aspermic males lost their 

receptivity and only 16% were receptive after 72 hours. This is 

indicative of the fact that a low in semin ation is not necessar ily the 

cause of high receptivity. Aspermic males were between 20-25 days old 

when they were used in thi s experiment whereas the females were 6 days 

old when they were presented wi th normal males (7-1 0 days old) 72 

hours after mating with aspermic males. 
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TABLE 5 

THE PERCENTAGE OF FEMALES WITH DIFFERENT 
DEGREES OF INSEMINATION FOLLOWING MATING ONCE OR TWICE 

WITH 5 TO 9-DAY-OLD MALES 

Degree of 
Insemin ation 

I 

I I 

II I 

IV 

v 

VI 

PERCENT FEMALES SHOWING INDICATED 
DEGREE OF INSEMINATION 

Attempted only Attempted second 
one mating mating 

n = 7'1 n = 58 

0 2 

0 0 

4 5 

1 2 

85 84 

10 7 
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TABLE 6 

PERCENTAGE OF FEMALES SHOWING RECEPTIVITY 
72 HOURS AFTER THE FIRST MATING WITH 

3 OR 7-10-~AY-OLD MALES 

Mated first time with 
males of indicated age 

3-day-old 

7-10-day-old 

Control(unmated) 

n 

35 

71 

38 

*Female age = 6 days; male age = 7-10 days 

71 

% Receptive at second 
mating with mature * 
males 

69 

24 

100 



TABLE 7 

PERCENT RECEP TIVITY OF FEMALES 72 HOURS AFTER MA TING 
WITH ASPERMIC MALES 

Treatment n % Receptive at 
(First mating) second mating 

Hx aspermi c tt 25 16 

n x normal ot 60 27 

Virgin ~~ 40 88 

72 



4.3.6 EFFECT OF MALE ACCESSORY REPRODUCTIVE 
GLAND SECRETION ON FEMALE RECEPTIV I TY 

ARG secretion did not show any effec t on r eceptivi ty (Ta ble 8). 

after 72 hours, 100% of the inJected flies r ema ted. When the 

concentration was increased to 1.5 gland pair per microlitre, 

morta l ity was very high (Table 9 ) . There was 100% mor t ali ty of fl i es 

in j ected with this increased concentration as well as those that 

received injections of particulate matter. Injections of homogenate 

also caused a hig h mortality (over 80%). Five flies that survived in 

this group mated when presen ted with ma l es 24 hours after injection. 

Injections of 1 JJ1 of 1 gland pair per microlitre of the supernatent 

of ARG extract after centrifugation caused very little and in a few 

cases, no mortality. 

4 .3.7 EFFECT OF MECHANICAL STIMULATION 
ON FEMALE RECEPTIVITY 

Females lost their re ceptivity 72 hou r s after mating with males 

with severed ejaculatory duct (T able 10). A sma ll percentage 

(about 30%) of females remained receptive but this was also true of 

normal-mated flies where almost 18% remained receptive 72 hou r s 

afte r a pr evious mating. With sham-operated males, a small percent-

age of females also rema i ned receptive. However, when males with 

severed ejaculatory ducts were mated and separated at the jerking 

phase all the females we r e refractory. The reason for this could 

be be cause these males tended to pair for much longer periods and 

held tightly on when any attempt was made to separate them. 
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TABLE 8 

PERCENT RECEPTIVITY OF VIRGIN FEMALE 
AT VARIOUS TIME INTERVALS AFTER INJECTION 

WITH 1 JU OF MALE ARG SECRET ION 

Percent receptivity following 
indicated hours after inject ion 

Injections n 3 6 12 24 48 72 

ARG Secretion 25 100 100 96 100 96 100 

Saline 20 100 95 100 100 100 100 

Un injected 30 100 97 100 100 93 100 



TABLE 9 

PERCENT RECEPTIVITY AND MORTALITY 24 HOURS AFTER 
INJECTION OF 1.5 ARG PAIR PERJlL~ PARTICULATE MATTER, 

HOMOGENATE AND SALINE 

InJection n % Receptive* % Modality 

High Cone. of 
ARG 17 

Particulate 
matter 20 

Homogenate **30 100 

Sa 1 ine 30 100 

*Percent of females survived 

**Only 5 flies were alive and all remated when 
tested 24 hours post-injection 
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TABLE 10 

RECEPTIVITY IN FEMALES 72 HOURS AFTER BEING MATED TO 
MALES WITH EJACULATORY DUCT SEVERED AND ALLOWED TO COMPLETE 

THE ACT OR SEPARATED AT THE JERKING PHASE OR SEPARATED AFTER 
1HR AND 20 MINUTES 

Males n 

* d- (mating complete) 24 
(mean dur of cop = 

2hr 52 min) 

d- (separated at jerking 
phase) 6 

** d- (separated after 1 hr 
20 minutes but 
before jerking 
phase) 

Sham 

Normal 

Unmated 

14 

20 

17 

23 

* d- = severed ejaculato r y duct 

% Receptive 
after 72 hours 

29 

0 

50 

20 

18 

8 7 

** It takes a minimum time of about 1 hour for normal copulation 
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The extra force needed to sepa r ate them might have caused t rauma 

i n the females. The number of females so t reated was however 

very low (6) . 

When operated females were separated after lhr and 20 minutes 

(with no jerking phase), 50% of the flies were still receptive. 

This suggests tha t the onset of refractory behaviour is associated 

with the completion of mating. 

4 . 3.B EFFECT OF HAEMOLYMPH OF MATED FEMALES 
ON RECEPTIVITY IN VIRGIN FEMALES 

There wa s no effect of haemolymph of mated females on 

receptivity in virgins (Table 11) as shown by a ~~ - test 

~ 
( "j; = 1.19, P<0.05). Over 60% of previously injected virgin 

females remained receptive 72 hours afte r receiving an injection of 

1 rL of haemolymph. 
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TABLE 11 

RECEPTIVITY IN VIRGIN FEMALES 72 HOURS 
AFTER INJECTION WITH HAEMOLYMPH FROM MATED FEMALES 

Treatment n % Receptive 

Haemolymph 32 69 

Thorax pierced but uninjected 15 87 

Uninjected control 26 77 
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4.4 DI SCUSSION 

lt is wel l established in many dipterans that female 

receptivity or t he willingness to mate diminishes rapidly after the 

first mating; for examp l e Musca domestica, Riemann ~ ~ (1967) 

and Cule x tarsalis, Young and Downe (1983) . show this behav iour. 

These spec i es have been described as monogamous . Gillett and Langley 

(1981) showed that receptivity in §..:_ ~ morsitans declined rapidly 

so that over 80% of the mated females were refractory within two days. 

In the present study, r eceptivity was fou nd to decline r apidl y 

but immediately after mat i ng over 80% of f emales were still receptive 

(Table 1). It took between 48 - 72 hours for about 80% of mated 

females to lose their receptivity. At least during the first few 

hours afte r mating there is the likelihood of females mating s everal 

times since almost 60% of mated females were r e ceptive after 24 hours 

post - mating. It was also reported by Jordan ( 1958) and Dame and Ford 

(1968) tha t females were more recep t ive to multiple mati ngs when t hey 

were young. Multiple mated females must therefore benefit from this 

behaviour, in ter ms of their reproduct ive capacity. 

Jordan (1972b) s howed that males can mate up to s ix times in the 

laboratory bu t their inseminating abili ty i s improved if rest pe r iods 

are allowed in be t ween to enable them to replenish t heir accessory 

reproductive gland secretion. I n §..:_ austeni, Pollock (1974) showed 

that it takes about 48 hours for the ARG secretion to be replenished 

and in this study it has been shown t ha t it takes between 48 - 72 

hours f or the ARG secretion to be completely replenis hed . Since 

previously mated males can deplete thei r ARG secretion whi ch can 
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become more acute if they mate several times in succession resulting 

in small spermatophores. it seems logical that females ma t ed to males 

with depleted ARG secretion would need to mate again . A second mating 

can also increase genetic diversity. Curtis (1968a and b l working 

with G.austeni had reported that sperm from whichever mating was 

made first was used predominantly but not exclusively for fertilisation, 

showing that there is a possibility of females benefitting from 

multiple matings. 

Though multiple mating can occur within the first 24 hours post­

mating without much hindrance, the willingness to remate diminishes 

thereafter. This behaviour though occurring naturally in virgins is 

accelerated in mated females due to various factors associated with 

mating. The duration of copulation, however, did not cause monogamy. 

Whatever the duration of copulation, the general trend was usually 

towards a single mating shown by the high percentage of flies willing 

to mate only once (Figure 4). This behaviour was usually observed 

when females were mated to mature males. It must be emphasised that 

a different behaviour could result when females mate with young males 

(\< 3 days old). Incomplete copulation could al s o result in such 

females remating; this suggests that whatever the stimulus, it must 

be associated with the completion of mating. This appears to be the 

'male jerking phase'. It was often observed that most flies which did 

not reach this stage usually remated . Commonly observed is the fact 

that some fl i es remained in copula for very long periods, sometimes 

for over 6 hours. Why these flies would want to remain together for 
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so long is not entirely clear. However, when couples were closely 

observed with a dissecting microscope. they were found to be 

r elatively inac tive. The males appeared to be sitting on the females 

without any apparent action. Male ARG secretion which could be 

faintly observed entering the female in more normal copulations was 

not seen. These males were probably abnormal in some respect. 

Irrespective of the duration of copulation, mature males of 

!k.. morsitans ()/7 days old) mated to females of t he right age 

(3 days old), always resulted in over 90% fill up of the spermathecae 

in over 95% of the cases. There was nothing to suggest that when the 

duration of copulation was low, the degree of insemination was low. 

In fact very low durations (less than 1 hour) were hardly recorded 

unless it was a second copulation (Section 4 .3.4). These results 

also agree with Pinhao and Gracia (1 973) and Jaenson (1979b ) who 

did not observe any effect of du ration of copulation on 

insemination. However, Tobe and Langley (1978) stated that the 

duration of copula tion has a direct influence on the insemination 

rate in Glossina. Short durations could result if the male is­

abnormal and could not comp lete the process; this will definitel y 

affect the rate of insemination . The duration of copulation is 

however influenced by the number of times the female had mated. 

Usually it is long during the first mating (over one hour) and s hort 

in the second (less than one hour); two spermatophores could be seen 

in females after their second mating. Therefore, though these 

second matings are of short duration, there is usually insemination 

but whether these low durations r esult in low inseminations is not 

clear. 
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According to Tobe and Langley (1978), the number of matings 

appear to be directly related to the amount of semen in the 

spermathecae. They quoted the experiments of Pinhao and Gracia to 

explain their statement. Pinhao and Gracia (1973) concluded that in 

~ austeni, flies that had copulated successfully twice had 

significantly more sperm in their spermathecae than those that had 

mated only once. This is partially true according to results obtained 

i n this study. Generally, when mature males mate with females of the 

right age, 90% of them showed relatively full spermathecae (classes V 

and VI). Thus whether these females mated once or twice was immaterial 

as there was no significant difference between the two groups. 

However, Pinhao and Gracia used males that were q - S days old which 

were probably immature. It has been shown in this study that if 

females mate with young males larviproduction was low compared with 

those that mate with mature males. Th is reflects poor insemination; 

thus a second mating should improve the degree of insemination. The 

situation is not s~ simple because it was ~lso found that when a 

female remated immediately after a first copulation, the degree of 

insemination was significantly lower than if mated only once. 

Indeed, Dame and Ford (1968) found that once mated fem ales produced 

more progeny than multiple mated ones. They concluded that once 

mated females accepted semen more readily than multiple-mated. 

When a female is carrying a s permatophore, it does not readily 

accept semen from another male. 
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It is also known in many species of insects that the male ARG 

secre tion can prevent reinsemination (Leopold. 1976) . There could be 

some reJect1on of sperm or probably t he presence of a second 

spe rm atophore causes a constriction of the spe r ma t hecal duct or some 

other mechanical distort i on. These factors could impede the normal 

flow of sperm into the spermathecae. Pollock (1974) suggested that 

multiple mated flies could be carrying spermatophores at the ti me of 

mating with fertile males which could prevent insemination by the 

fertile males. After about 24 hours when the spermatophore would 

have been ejected, there was an increase in the degree of 

in sem inati on . In females mated to mature males, this second 

insemination did not appear to be necessary because it has been 

shown that a single matin g is enough for most flies to be properly 

inseminated. It is doubtf u l whether such females (females i n 

classes V and VI) will ever exhaust this quantity in a life time 

(this is furthe r discussed in Chapter 5) . Mellanby (1936) fo und 

t hat one female after producing many pupae and abort ions fo r 200 

day s after fe rt ilisation contained living sperm in the spermathecae. 

The degree of insemination did no t affect receptivity in females 

mated to mature males. Dame and Ford (1 968 ) had suggest ed that the 

rela ti ve amount of semen in the;fpermathecae may influence the 

female ' s receptivity to subsequent ma ti ngs. Matings with young males 

usually r esulted in l ow deg rees of inseminati on (Figure 8) and over 

60% of such females usually remated. Th i s could be because males at 

this age are very young and lack the necessary vigor to stimulate 

the females at the jerking phase (weak jerks may have been 

produced). Such females therefore fail ed to remember they had mated. 
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It has already been shown that flies with very low degrees of 

insemination did not necessar ily mate twice. In fact, females mated 

to aspermic males also lost their receptivity thus eliminating the 

importance of sperma t ozoa in this behaviour. These r esults disagree 

with those of Jaenson (1978b) who suggested that the degree of 

insemination may affect receptivity. These results however agree 

with those of Gillett and Langley (1981) who thought this was unlikely. 

In a number of species, the accessory reproductive glands serve 

multifunctional rol es that appear unique to insects (Leopold, 1976). 

Male ARG secretions may inhibit remating by altering the mating 

behaviour of the female. In some dipterans, e.g. Musca and 

Aedes, ARG secretion has been found to inhibit mating. It is not 

known whether or not Glossina fil!..Q. show comparable behaviour. 

It has been clearly shown here that the ARG secretion was not 

effective in preventing multiple insemination, though Gillett and 

Langley (1981) suggested that both ARG sec r etion and mechanical 

stimulation in combination were the factors responsible for 

refractoriness. In Culex, a pe pti de component of low molecu lar-

weight from the accessory gland is effective in suppressing receptivity 

(Young and Downe, 1987). Likewise in the stable fly , Stomoxys 

calcitrans, injection of ARG ext ra ct even in concentration as low as 

0.25 gland pair per female preven ted insemination (Morrison et !1_, 

1982) and in Musca domestica>injectionsof extracts of male ARG 

were effective in preventing mating (Adams and Nelson , 1968). 

Results from this study show that injections of male ARG into female 

~ morsitans did not cause refractoriness. These resul t s 

therefore differ from the findings of Gillett and Langley (1981) . 
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In female dipterans known to be affected by ARG secretion, the 

secretion alone is effective in suppressing receptivity. Therefore 

Glossina cannot be similar to other Diptera as claimed by 

Gillett and Langley (1981). 

Mechanical stimulation caused an appreciable loss in receptivity 

comparable to that obtained during normal matings (Table 10). 

However, in all cases receptivity did not usually drop to zero percent 

until very late thereafter. At least up to 72 hours post-mating, a 

small percentage of female s was receptive as Gillott and Langley 

(1981) also observed. Haemolymph from mated females did not affect 

receptivity in virgins. However, because of the possibility of 

dilution of the haemolymph by other secretions from the neck region 

where the sample was taken, lf-1 might not have contained lJM-- of 

haemolymph, thus it could not be truly concluded that nothing was 

released into the haemolymph to prevent remating. 

It is, therefore, suggested that mechanical stimulation is the 

only factor to be responsible for the onset of refractory 

behaviour in Glossina, and in addition it is the jerking phase 

which is the crucial element in the act of mechanical stimulation . 

Probably, the terminal setae are so vigorously stimulated that a 

chemical of very low concentration is released which consequently 

influences receptivity to further 111atings. If anything is released 

into the haemolymph, it could not be detected in 1 fl of haemolymph 

as this quantity was not observed to affect receptivity. Gillott and 

Langley (1981) also did not observe any effect of haemolymph of mated 
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flies on virgin females. They suggested that the r e was probabl y too 

little male material pr esent in 1 Ji1- sample of haemolymp h or it was 

i nactivated 24 hours af t er mating. 
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CHAPTER S 

THE MATING BEHAVIOUR OF OLD ~ MORSITANS 

5.1 INTRODUCTI ON 

The behaviour of old or sexually experienced males as well as 

of inexperienced males that are over 7 days old (the age when they 

are fully potent) has not been adequately investigated. This is 

also the case with females that have gone through several 

gonotrophic cycles (old females ) . In~ palpalis, Mellanby 

(1936) reported that sperm introduced at one mating does not 

become exhausted. She found that 200 days after fertilisation a 

fly had produced many larvae but still contained living sperm in 

the spermathecae. Remating later in life does not therefore 

appear to be necessa ry. However, Nash and Kernaghan (1965) found 

occasional uninseminated females of ~ austeni aged over 64 

days old . Nash et ~ (1966b) also reported that the spermathecae 

of a female which died at the age of 131 days was found to be devoid 

of sperm. 

In Aedes aeqypti, it is widely accepted that matrone 

(a pheromone) causes refractoriness in fully inseminated females. 

However, Williams and Berger (1980) found that some fully inseminated 

females of Aedes aegypti were inseminated a second time after a 

number of gonotrophic cycles. Young and Downe (1982) also s howed that 

75 - 90% of previously inseminated females were inseminated again 

prior to the second gonotrophic cycle . The ability to replenish the 

sperm therefore exists among dipterans and is usually necessitated by 
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sperm exhaustion. Whether this happens in all species of Glossina 

is not clear. There are few repo rts mainly on !;h_ palpalis in this 

area which does not indicate that this behaviour is generally present 

in Glossina. 

Multiple mating does occur in Glossina but seems to be 

confined to early life (Jordan, 1958). According to Jordan (1958), 

Squire suggested that there are safe periods when females will allow a 

male, one being when a third stage l arva was present since it would be 

protected from the claspers of the ~ales; or, in-between larvipositions. 

Jordan (1958) did not find evidence of extensive re-mating in females 

older t han 10 days old, although a very smal l number up to 70 days of 

age re-mated. The attractiveness of old females to males as well as 

their willingness to re-mate is variable (Nash, 1955). Nash found 

that in one case, females 65 - 71 days old were attractive but 

unwilling; in another case , f emales that were 73 days old were 

attractive and fairly willing; in a third case, females that were 

about 123 days old were not even attractive . 

Rogers (1972) speculated that lower fecundity in females mated to 

old males of ~ pallidipes could be due to loss of virility with 

increase in age rather than sperm e xhaustion. If females can re-mate 

in their early days of life and re-mate later in life, this could 

seriously affect the sterile insect technique. According to Jordan 

(1958), re-mating amongst older flies is not usual in ~ palpalis. 

Dame and Ford (1968) have shown that re-mating early in life will not 

advers ely affect the SIT. 
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It is well established that males of Glossina can mate 

several times in succession. Curt is (1968a) showed that a single male 

of ~ austeni is capable of inseminating 9 - 15 females. It was 

also shown by Jordan (1972b) that much-mated males were unable to 

inseminate well due to sperm depletion. "In nature there is an 

absence of old males from the followi11g swarm" (Jordan, 1958). It is 

probable that why this is so is because the ability to inseminate is 

ex tinguished at an old age. 

From the aforemen tioned, there appears to be some confusion as 

to what controls mating acti vity in old age. Apart from casual 

observations, there is little or no detailed experimental evidence to 

confirm or deny whether there is a renewal of mating in females at a 

certain stage in life or the ability of males of various species to 

mate a t an old age. 

Challier (1977) reported that in ~ '1!_!._ morsitans survivorship 

curves from different seasons indicated a decreasi ng survival rate 

from the warm rainy season to cold dry season to the hot dry season, 

and expected maximum longevities were 160, 110 and 50 days 

respectively. Phelps an d Vale (19 78 ) found that during the hot 

season, the mean age of ma les of ~ mo rs itan s was 14.7 days ; in 

females, i t was 48 days and the maximum age was 226 days. The purpose 

of this study was therefore to re-examine the possibility of re-mating 

in old females of ~ morsitans as well as the mating potential of 

old males and their contribution to the overall population dynamics, 

including the SIT. 
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5.2 MATERIALS AND METHODS 

Sixty 3-day-o l d virgin female ~ morsitans were mated 

singly in mating tubes (Plate 4, Chapter 3). They were allowed to 

mate only once and then divided into two groups. One group of 

31 females was allowed to larviposit and the number of larvae 

produced per fly was recorded (abortions were also count ed). The 

other group of 29 was also a llowed to larviposit, but after various 

time intervals of la rvipos itions name ly: 2, 4, 6 and 8 

larvipositions, the y were tested for re-mating by presenting them 

with males. In this case some could be carrying a newly ovulated 

egg or a developi ng larva. Another set of twenty-five 3-day-old 

fe males were also mated once and after the seventh larviposition, 

they were closely obse r ved. Just before the eighth larviposition 

when the late th ird instar was recognised (by the black polypneustic 

lobes visible through the abdominal sternite) the larva was gently 

squeezed out. Each of such females was then placed with a mature 

mature male and observed for about 4 hours to see whether it will 

will re - mate in - between larvipositions. 

In another experiment, females of various ages were taken from 

the ICIPE !L_ morsi tans colony when they were 80, 86 and 90 days old. 

These females were flies that had been group-mated and had 

larviposi ted several times. Males that were 7 - 9 days o l d were 

int~oduced into cages containing about 15 femal es per cage. They were 

closely observed to see whether pairs were formed. Those that paired 

were given a few minutes and were t hen isolated into mating tubes. 

Those that successfully copulated were dissected immediately after 
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they separated in order to see if spermatophores were formed. The 

status of the ute r us (for example, whether it contained a larva . an 

egg or was empty) was recorded. The duration of copul ation and the 

MSV were also recorded. 

Virgin male !L_ mors itans of various ages ranging from 

7 - 60 days were mated with females that were 3 days old. The MSV of 

the recipient females was also recorded afte r 24 hours. Immediately 

after the males were introduced into female cages, they were closely 

observed to determine whether they appeared reluctan t or willing to 

mate. Virgin males of various ages ranging fr om 3 - 60 days were 

dissected and the size of their ARG was measured using an ocul ar 

micrometre . 

S.3 RESULTS 

S.3.1 MATING BEHAVIOUR OF OLD FEMALES 

When females were mated only once and observed until they were 

200 days old, over 80% died before they reached th is age with many 

of them appearing black in th e abdomen. However, before their death, 

over 80% of them had produced over 7 larvae (Table 12) and over 50% 

of them had produced over 10 larvae . The average number of larvae 

produced per fly was 10. Ver y few flies (about 19%) produced less than 

6 larvae. Of the 4 flies that remained alive at the age of 200 days, 

3 had produced over 15 larvae (Table 13) with one producing 19. These 

flies would probably have remained fertile if the observation had 
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TABLE 12 

LARVAE PRODUCED PER FLY BEFORE 
NATURAL DEATH OR AFTER 200 DAYS 

Larvae Produced % Flies Pr oducing 

0 6 (2) 

1 - 5 13 (l!) 

6 - 10 23 ( 7) 

11 - 15 35 ( 11) 

15 - 20 23 (7) 

n = 31 

Numbers in parenthesis indicate the number of 
flies observed to larviposit. 
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TABLE 13 

FEMALES ALIVE AT THE AGE OF 200 DAYS 
AND THE NUMBER OF LARVAE PRODUCED 

Fly No of Larvae 

1 18 

2 10 

3 16 

19 
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continued until death as there was enough sperm found in the 

spermathecae (MSVs were not determined). These results show that one 

mating was usually sufficient for the flies to produce larvae 

throughout their l ives. Flies presented with males after various 

periods of larviposition did not re-mate du ri ng the observation 

period. 

Gently squeezing the abdomen of pregnant flies to facilitate 

birth did not show that when the uterus was empty they could re-mate. 

Out of 20 flies, 2 yie lded to male attempts to copulate after very 

strong resistance. They were, however, not able to complete the 

action. Very old females did not show that after several 

larvipositions they needed to re-mate in order to replenish their 

sperm supply. Table 14 shows that very few flies were willing to re­

mate even after several la r vipositions. Twenty percent of 90-day-old 

females coupled but most of them were reluctant initially and 

struggled with the males for a few minutes; this was also observed with 

80-day-old females where 44% paired but only 3 flies successfully 

copulated. This behaviour could not be regarded as a renewal of 

receptivity as pairing was achieved mainly through coercion. Amongst 

those that successfu lly completed copulation, some were inseminated as 

a spermatophore could be found in the uterus. Thus, insemination did 

take pl a ce later in life in a few flies. 

When 20 virgin females all of which were 16 days old were given 

the opportunity to ma t e, only 3 (15%) copulated. Most of the old 

females that paired when presented with males, only paired for a short 
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TABLE 14 

OLD FEMALES REMATING AT VARIOUS AGES 

Age (days) n % Females i n 
copula 

16 (virgin females) 20 15 

80 

86 

90 

30 3 

20 

30 27 

Numbers in parenthesis indicate the number of fl i es 
tha t successfully copulated and were inseminated. 

95 

Mean MSV 

0.43 (3) 

1.15 (5) 



time ( 10 - 20 minutes in most cases) indicating that they were forced. 

It was only those that paired for a mu ch longer period (about 1 hour 

or more and in some cases over 2 hours) t hat were inseminated 

(indicated by the presence of a spermatophore in the uterus). 

Table 14 s hows that the MSVs were, however, low. Sperm found in the 

spermathecae were probably the remnant from an original mating or some 

that trickled into the spermathecae during insemina tion or s oon after 

separation. 

S.3.2 MATING BEHAVIOUR OF OLD MALES 

The willingness of males to mate appeared undiminished even when 

the flies were 60 days old. Ol d virgin males inseminated well 

(Table 15), and compared favourably with younger males (7 - 8 days 

ol~). Old virgin males also appeared to be willing to mate and showed 

even more aggressiveness than 7-8-day-old males . Many old males 

persisted for very long periods even when rejected. The MSV of females 

mated with such males was high in all cases reaching a value of over 

half and in many cases were either full or about three-quarter full. 

The difference between the age groups shown in Table 15 was 

significant (F = 2.72, P<0 .05) . When the means MSVs were compared 

using the multipl e range test, the age group 26 - 35 was significantly 

differen t from 15 - 17 down to age group 7 - 8, though not 

significantly different from age groups 18 - 25 and 36 - 60. However, 
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TABLE 15 

AGE OF MALE AND ABILITY TO INSEMINATE 

Age (days) of males 

7 - 8 

9 - 11 

12 - 14 

15 - 17 

18 - 25 

26 - 35 

36 - 60 

n 

25 

42 

32 

11 

18 

9 

2'1 

MSV of Female 
Mean t SE 

1. 73 0.01 

1.67 0.01 

1. 71 0.01 

1. 70 0 . 03 

1. 78 0.01 

2.00 0.00 

1.85 0.01 

b 

b 

b 

b 

ab 

a 

ab 

Means with t he same letters are not significantly different 
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the sample si ze for age grou p 26 - 35 was very small and the 

discrepancy cou ld have arisen because of this. With the excep ti on 

of age group 26 - 35 , all other age groups were not s ignificantly 

d if ferent from each other. This was also expected of ag e group 

26 - 35. 

The male ARG increased in s iz e with increase in age of the mal es 

(Table 16) . There was no evidence of shrivelling due to old age. A 

large size was maintained at all ages except when very young. For 

example , at 3 da ys of age, the mean ARG diameter was 0.11 t 0.001 SE 

and at 40 - 60 days of age t he mean was 0.18 ~ 0 . 0006 SE . At the age 

of 7 days, it is normal to record a value of 0.16mm or more. 
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Age(days) 

3 

7 - 12 

13 - 18 

19 - 24 

30 - 40 

40 - 60 

TABLE 16 

AGE OF MALE AND SIZE OF 
ACCESSORY REPRODUCTIVE GLAND CMM) 

n 

20 

47 

10 

6 

6 

33 

99 

Size of ARG 
Mean ± SE 

0.11 0.001 

0.15 0 . 0004 

0.15 0.002 

0.16 0.003 

0.16 0.003 

0.18 0.0006 



5.4 DISCUSSION 

One mating appears to be sufficient in order to satisfy the 

reproductive needs of a female for the rest of her life. An average 

of 10 larvae were produced per female whereas in individual cases some 

produced between 0 - 19 larvae. This is in agreement with 

Mellanby (1936) who observed that the spermathecae of one female 

still contained living sperm 200 days after insemination. It also 

appears that sperm from one mating is sufficient to produce 

reasonably full spermathecae. Indeed, Pollock (1970) obse rved 

that the spermatophores dissected from the uterus of G.austeni 

usually contained more sperm than necessary to fill the spermathecae 

of a recipient female. 

Nash (1955) predicted a desire of female ~ palpa li s to 

re-mate later in life. It has, however, been shown that even after 

19 larvipositions such females still retained the ability to continue 

larvipositing as indicated by the fact that enough sperm was found 

in the spermathecae t o secure her fertility. While it canno t be 

denied that females can re-mate several times early in life (J.ol'"dan, 

1958; Dame and Ford, 1968), there was no willingness to re-mate 

after larvipositions . In his work on ~ palpalis, Jordan (1958) 

found that re-mating among old flies was unusual. The suggested 

'safe periods' when it is possible for females t o re-mate 

(for example, when the uterus is empty) mentioned by Squire (cited 

by Jordan, 1958) therefore seem unlikely. Most of the pairings 

that took place which r esulted in insemination we re forced as the 

females we re observed to actively resis t the courting males. 
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This cannot the r efore be regarded as true renewal of receptivity 

sin ce receptivity implies active participa t ion of the female. 

namely: opening of her wings or they were pushed open by the male 

when she kept her abdomen horizontal to allow the male to ma ke a 

hypopygial connection. This for ced mating may be due to mating 

pressure i n t he small cages where a large number of aggressive males 

were present. Probably in the field, this pressure is less intense 

because of the lowe r population densities, and multiple mating may be 

much less common than i s observed in the labo r atory (Dame and Ford, 

1968). 

It some old females were found with empty spermathecae as could 

be observed occasionally, then they probably were not well inseminated 

at a first mating. Nash et ~' (1966b) reported that they found a 

female a t the age of 131 days with empty spermathecae after producing 

6 larvae. This is not une xpected since occasiona l ly even with 7-day­

old males, rec i pient females could be found with a low degree of 

insemination (Chapte r 4). It cannot, however, be said that a high 

percentage of flies behave in this manner. In the field, females will 

occasional ly encounter very young males as well as males which have 

experienced sever al mating s. Very young males (1 - 4 days old) 

cannot inseminate well (Nash, 1955); males also lose their ability 

to inseminate after repeated copulation (Jordan, 1972b) . Thus , both 

cases will lead to inadequate insemination. If such recipient females 

failed to re-mate soon after the first mating, they may therefore lose 

their ability to re- mate at older ages and as such could exhaust their 

sperm supply. Given the ability to re-aate at the early ages, it is 
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clear that only a small percentage of flies would eventually exhaust 

their sperm supply. Since old females rarely re-mate later in life 

the SIT will not be affected. 

Females that mated twice when kept together with ma l es for 24 

hours before separation can produce about the same number of 

larvae per female as those that mated only once. For example, 

Nash et ~ 1968) reported that female flies fed on goat blood 

lived for about 120 days and produced an average yield of 9-10 pupae 

per female (these females were usual ly left with males for 24 hours). 

According to these authors, by day 103, 7.1 larvae per female were 

produced. In the present study, an average of 10 larvae per female 

were produced in 200 days. 

Male Glossina seem to be quite active and willing to mate 

even when over 60 days old. Can old males live so long in the field? 

There a r e indications that they do. For example, in ~ pallidipes 

in Western Uganda, Kangwagye ( 1971) found that the longest - life span 

was 134 days. In ~ ~ morsitans, Challier ( 1977) reported that 

maximum longevities were 160, 110 and 50 days during the warm rainy 

season, cold dry season and hot dry season respectively. The above­

mentioned account shows that males can live for long periods and can 

cont ribute to the mating process. Old males showed even more 

aggressiveness than young males and did not lose the abili t y to 

mate and to inseminate. Their agility might only be affected by 

excessively frayed wings or loss of wings as they do not usually 

occur in 'following swarms ' . However, external signs of aging 

such as damaged and frayed wings are not always good indicators of 
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of aginq (Soha l, 1985). Jordan (1972b ) reported that poorer 

performance of females mated to much- mated males was not caused by 

the males being older and less able to inseminate; r a the r, the 

reason i s due to the testes of such males containing few or no 

sperms. He also observed that the fecundity of the mates of mal es 

first mated when 30 days old was compara ble to those mated to much 

younger males. 

Pollock (1974 ) showed that the accessory glands of unmated male 

flies increased in wid th. In the present study, the accessory qlands 

of very young flies (3 days old ) had a smalle r diameter than those 

of older flies. The size attained when the male was mature was 

generally maintained without an y decrease observed. It was also found 

that these males correspond ing ly inseminated well. Samaranayaka-

Ramasamy (1 981) also showed that by day 3, the increase in diameter of 

the ARG of !L_ mo r sitans was highly significant. The absence of 

f 

o l d males f r om following swarms could not be due to their inab i lity 

to inseminate or lack of 'libido' but probably due to loss of 

flying power caused by e xtensively f rayed wings. However , because 

of the possibility of sperm exhaustion ( Jordan, 1972b ), their 

contribu t ion t o the overa ll population dyn am i cs may not be 

significant. 

It is therefore concluded that, old females do not regain their 

ability t o mate at a later stage in their life after several 

larvipositions. Once a female has mated with a mature male , it 

generally loses its receptivity . There does not exist any period 
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later in l ife when a female is likely to re-mate. The sperm from one 

mating was usually sufficient to fertilise the number of eggs produced 

by a female in her life time . Ma les lost neither their libido nor 

their ability to inseminate. The reason why much mated males failed 

to inseminate well must be only due to accessory gland depletion or 

to sperm exhaustion. The SIT is not likely to be affec ted since 

females do not acquire the ability to re-mate later in life. 
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CHAPTER 6 

MATING BEHAVIOUR OF FEMALE ~ PALLIDIPES AUSTEN 

6.1 INTRODUCTION 

The rearing of tsetse flies is cumbersome and expensive. 

Glossina pallidipes is particular ly difficult to rear under 

laboratory conditions when compared with other savanna species such as 

Glossina morsitans. For example, Willett (1953) reported problems 

in attainment of adequate fertilisation rate among mated females. 

Leegwater-van der Linden (1983) also described a s uccessful protocol 

for the reari ng of ~ pallidipes in the laboratory of Experimental 

Entomology, University of Amsterdam. This protocol is also being used 

at ILRAD, Nairobi with some success (D r S K Moloo, pers. comm). At 

the Uni ve r si ty of Bristol in Langford, United Kingdom, ~ pallidipes 

from Lugala in Uganda has been successfully colonised (Langley, 1989) . 

Recently, Ochieng e t tl (1981) described the successful rearing of 

~ pallidipes from the Lambwe Valley in Western Kenya by using 

simple grass-thatched hut without any climatic control. However. at 

othe r laboratories, ~ pallidipes is be ing reared but with little 

success. 

In the laboratory ~ morsitans readily mates after the first 

blood meal, usually 1 - 3 days after emergence. Mating can also occur 

between newly-emerged unfed Glossina i n laboratory emergence cages 
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when the flies are crowded together (Tobe and Langley, 1978). 

In !.L._ pallidipes, the age at which females are receptive seems to 

depend on the origin of laboratory populations. For example, 

Van Etten (1981) compared the performance of two laboratory species 

of !.L._ pallidipes originating from Nguruman i n the Rift Valley and 

Mwalewa Forest in the coastal area of Kenya. Although he was not 

successful in establishing colonies, he discovered inbreeding 

characteristics between the two populations. He concluded that 

there was considerable population diversity in this species. 

As there are still gaps in our knowledge of the mating behaviour 

of !.L._ pallidipes, a study of sexual receptivity in females was 

undertaken to find the factors responsible for reported cases of 

failures in colonising !.L._ pallidipes. 

6.2 MATERIALS AND METHODS 

Tsetse were trapped at Nguruman in the Rift Valley of Kenya using 

biconical traps baited with cow urine and acetone. Female flies were 

brought to the laboratory in Nairobi where they were maintained at 

25°i 1°C, 75 - 80% relative humidity and LO 12:12 (12 hr light: 12 hr 

dark) until used in experiments. Groups of 20 - 25 flies were held in 

PVC cages ~easuring 18 x 8 x Scm. They were given the opportunity to 

feed everyd ay except on Sundays. Every morning newly emerged flies 

were collected and sexed; they were considered to be one day old. 
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For mating experiments, groups of 0 - 14 virgin female flies of 

known ages (4-18 days) were put in holding cages measuring 21 x 8 x 6cm 

and mated with twice the number of males aged between 12 - 30 days 

old at a temperature of 26°C after temperatures of 22QC, 24°C, 2s0 c 

and 26°C were tried with a few fl i es. According to Jaenson (1978b). 

males of this age are sexually active. Some males were used twice 

twice after resting for about 3 days. Males that were 20 - 30 days 

days old were those that were re-used especially if they were first 

first mated when about 20 days old. Flies that paired within the 

first 3 hours were isolated in single tubes so that the duration of 

copulation could be recorded. The rest of the flies were left 

together till the following morning. 

All flies were dissected 24 hours after pairing to determine the 

mean spermathecal value and also record whether ovulation had t aken 

place. Females that paired during the first 3 hours were presented 

with fresh males immediately after they separated to determine the 

extent of multiple mating. They were observed for a further period 

of 5 hours. Howe ver, it is possible that if kept together for 

longer periods remating could take place, but this needs other methods 

l ike the use of genetic markers. Ovaries of unmated flies of vari ous 

ages were dissected in 0.9~ Nacl under a dissecting mic roscope. 

Follicle lengths were measured using a calibrated eye-piece 

micrometer. The extent of ovulation in virgin females was also 

determined after dissection. 
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6.3 RESULTS 

6.3.1 SEXUAL RECEPTIVITY 

In the Nguruman population, female sexual receptivity increased 

from day 6 on; no fly below 6 days of age was observed to copula t e 

within the 3 hour observation per i od (Figure 9) . Peak receptivity was 

reached at days 9-13 (60 - 80%) and dropped thereafter. Flies rarely 

paired immediately and hence these maximum rates were achieved only if 

they were left together for 24 hours. Temperature at the time of 

mating was also crucial as no flies were observed mating below 24°C 

(room temperatures are usually lower than 24°C in the morning). At 

older ages, receptivity dropped but never fell to zero {Figure 9). 

6.3.2 OVARIAN DEVELOPMENT 

The rate of ova rian development in groups of virgin females aged 

1 to 15 days was studied. A t otal of 225 flies with 15 flie s per age 

group were dissected. Development of foll i cles A1 and C1 progressed 

with increase in age (Figure 10) . Be t ween ages 4 and 6, development of 

follicle A1 was accelerated and by the age of 10 days follicle A1 had 

reached maturity (about 1.6mm) corresponding to the on se t of peak 

receptivity in female (Figure 9). Follicle c, had a more gradual 

development; the hig hest lengths (about 1.6mm) were reached at the 

time of high receptivity. 
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FIGURE 9 

% ~ PALLIDIPES FEMALES COPULATING WITHIN 3 HOURS 
AT VARIO US AGES, AND TOTAL % INSEMINATED WITHIN 24 HOURS 
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FIGURE 10 

LENGTH OF OVARIOLE A1 AND C1 (MEAN i STANDARD ERROR) 
OF VIRGIN FEMALE ~ PALLIDIPES 

(FIFTEEN FLIES WERE DISSECTED IN EACH GROUP) 

-· Oval'iole A1 

Oval'iole C1 
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6.3.3 DURATION OF COPULATION 

The mean duration of copulation wa~ comparative ly short ranging 

from 23.3 minutes to 2q.a minutes (Table 17 ). When the ages were 

grouped into three categories, 6-9 days, 10-13 days and iq-19 days 

which represent respectively the ages at which the flies were less 

receptive, highly receptive, and when receptivity was low again 

(Table 18), it was found that there was no sign ificant difference 

between the age groups (F = 0.52, P>0.05). 

6.3.q MEAN SPERMATHECAL VALUE (MSV) 

Mean sper mathecal value was determined to test if short 

copulation time affected the degree of insemination. When females 

were mated at the time of high sexual receptivity, the mean 

spermathecal value was overall high (Ta ble 19). Most flies were found 

to have MSV over half C>l.00). It was only when receptivity dropped 

that the MSV dropped as well. During periods of peak receptivity 

(ages 9-13 days) the average MSV was very high and ranged from 1.66 to 

1.95. High receptivity corresponded with high MSV values and low 

receptivity with low MSV values. There was a significant correlation 

between recepti vi ty and MSV as shown by t he Spearman rank 

correlation coefficient (r5 = 0.63, P<0.05). 
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AGE(DAYS) 
OF FEMALES 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

TABLE 17 

MEAN DURATION OF COPULATION OF FEMALE 
~ PALLIDIPES AT VARIOUS AGES 

DURATION OF COPULATION 
(Minutes) 

MEAN + SD 

24.5 

19.0 

28.7 10 

24.0 4 

23.7 5 

23.3 7 

25.5 7 

20.8 5 

22 . 0 5 

28 . 0 14 

23.0 

28.7 8 

22.5 
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NO OF FLIES 
OBSERVED 

2 

2 

3 

5 

3 

7 

8 

10 

7 

3 

2 

3 

2 



AGE(DAYS) 
OF FEMALES 

6 9 

10 - 13 

14 - 18 

TABLE 18 

MEAN DURATION OF COPULATION OF FEMALE 
~ PALLIDIPES AT VARIOUS AGES 

DURATION OF COPULATION 
( Minutes) 

MEAN :t SD 

23.7 6 

23.3 6 

24.8 8 

(F = 0.52, P>0.05) 
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NUMBER OF FLIES 

12 

28 

17 



AGE(DAYS) 
OF FEMALES 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TABLE 19 

MEAN SPERMATHECAL VALUE OF FEMALES OF 
~ PALLIDIPES AT VARIOUS AGES 

NO OF INSEMINATED 
FEMALES DISSECTED 

MEAN SPERMATHECAL VALUE 
MEAN + SD 

7 1.64 0.56 

8 1.88 0.35 

8 1.66 0.55 

6 1.79 0.33 

4 1. 75 0. 50 

8 1.69 0. 53 

5 1.95 0.15 

6 1.42 0.75 

3 1.17 0.57 

3 1. 50 0.50 

4 1.43 0.51 
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6.3.S MULTIPLE MATING 

No previously mated female was observed to mate a second time 

within S hours after separation,from observations of 40 females. 

6 . 3.6 OVULATION IN MATED FEMALES 

Table 20 shows the percent ovulation occurring in mated females 24 

hours after mating. Sixty-one percent of females ~ated on 

days 9-16 ovulated within 24 hours. Flies less than 9 days did not 

ovulate within this period. It appeared that they needed a day or two 

before they could ovulate. 

6.3 . 7 OVULATION IN VIRGINS 

Plate 9 s hows ovaries from a newly mated female soon after 

ovulation. Six percent of flies that were 11-13 days old had 

ovulated when dissected (Table 21). Below 25 days of age a small 

percentage of flies ovulated (usually about 20%). Over 70% of 

flies in the age bracket 43 - 52 days had ovulated and it appears 

that ovulation in virgins is not very common unless the flies are 

really very old when a high percentage of ovulation can be found. 

In the age bracket, 43 - 52 days, most flies were found to have 

mature eggs in their ovaries and •any had ovulated two or more eggs. 

Some eggs had been resorbed in the ovaries or the uterus and others 

showed signs of degeneration while others were retained (Plate 10). 
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TABLE 20 

% OVULA TI ON I N MATED FEMALES OF ~ PALLIDIPES 
24 HOURS AFTER MATING 

AGE(DAYS) % OVULATION 
OF FEMALES 

7 0 

8 0 

9 60 

10 60 

* 11 

** 12 

13 40 

14 60 

15 50 

16 100 

* ** OVULATION WAS NOT DETERMINED FOR THESE TWO AGES 
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PLATE 9 

OVARIES OF AN INSEMINATED FEMALE ~ PALLIDIPES 
SOON AFTER OVULATION 

A: Spermatheca 

b: Ovary 

c: Ovulated egg in uterus 

d: Uteru s 
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AGE(DAYS) 
OF FEMALES 

7 - 10 

11 - 13 

14 - 16 

20 - 25 

43 - 52 

TABLE 21 

% OVULATION IN VIRGIN ~ PALLIDIPES 

% OVULATION NO DISSECTED 

0 30 

6 35 

21 24 

21 28 

76 25 
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PLATE 10 

OVARIES OF AN INSEMINATED FEMALE ~ PALLIDIPES 
SHOWING RETAINED EGGS 

A: Ovariole C1 retained in the ovary 

b: Ovariole A1 retained in the ovary 

c: Uterus 
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6.4 DISCUSSION 

Tsetse females of mast species normally mate within a few days of 

emerqence (Jordan, 1958, Lanqley, 1977, Tobe and Lanqley, 1978). This 

has been demonstrated for !L_ morsitans (Faster, 1976 ) , 

!L_ palpalis (Mellanby , 1936, Nash, 1955) and !L_ austeni 

(Foster, 1976). However, the results presented here indicate that 

mating in females of ~ pallidipes does not occur until they are at 

least 6 days old. Also, hiqh levels of re cep tivity are observed to 

occur around age 9-13 days. These results are in agreement with the 

findings of Rogers (1972), Jaenson (1980) and Leegwater-van der 

Linden (1982). Leegwater-van der Linden (1982) found that the 

receptivity of females increased from day 5 to day 8 and was highest 

on days 8 - 13. Peak receptivity appears to coincide with 

maturation of the first egg (Figure 10), which Adams and Mulla 

(1968) also found was the case in the eye gnat. However , the size 

of the egg follicles in newly emerged Glossina is correlated 

with the size of tne fly (Saunders, 1961} and depends on the food 

intake. Occasionally small flies which do not feed well produce 

cor r es pondingly small eggs. 

Jaenson (1978b) reported that few females were receptive until 

4 - S days of age; about 50% copulated on day S. 

Leegwater-van der Linden (1982) reported nearly 80% insemination at 

this age. In the present study, no female less than 6 days old was 

found to copulate, and none was inseminated even when l eft for 24 

hours. These differences confirm Van Etten's (1981) and Jaenson's 

(1978a) conclusion that there are differences in mating behaviour 
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between populations. Langley ( 1989) also found differences between 

his Ugandan and Zimbabwean st ra ins of~ pallid1pes. Although he 

succeeded in maintaining a colony of the Ugandan strain, he could not 

do so with the Zimbabwean strain. The results ob t ained from this 

s tudy also agree with those of Odhiambo (1968), who did not observe 

mating in fe males less than 6 days old. Chaudhury et !U_ (1984) 

reported that at Nguruman, field observations showed that females of 

physiological age group Oa (age 1 to 5 days) and a substantial 

number of the age group Ob (age 6 to 10 days) were not inseminated. 

Many of the uninsem i nated Ob females possessed a developing follicle 

as long as 1.4mm but not 1.6mm recorded in the present s tudy for 

most inseminated females. 

The observation that female !h_ pallidipes does not immediate ly 

accept a mate or is reluctant to mate, even at the time of optimum 

receptivity is puzzling. For whatever reasons, the readiness of 

!h_ pallidipes to go in copula appears to be different from 

that observed in other species such as !h_ morsitans. Fe~ale 

!h_ pallidipes appear to require some stimulation by the male 

before they are pacified; this could be a form of courtship (this i s 

further discussed in Chapter 8) . Males, however, rarely pers ist when 

rejected by females. This behaviour must have been observed by 

Langley et !U_ (1982) who reported that the copulatory responses of 

male !h_ pallidipes were often not as vigorous as those of 

!h_ morsitans. Hence, even though these flies were not observed to 

copulate initially, high rates of insemination were achieved when 

they were left together long enough (e.g. overnight). 
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Manning (1966) quoting Barass r eported that in the Pteromalid , 

Mormoniella vitripennis Walker, a single courtship~ either 

successful or unsuccessful, depresses a male ' s response to other 

females and that recovery is achieved after an hour ' s rest. It is 

possible that male ~ pallidipes also recovers after a period of 

rest. However, this was not i nvestigated. In other groups of flies 

such as D~osophila, a dance courtship is necessa ry before copulation 

can proceed (Smith, 1956 ; Spieth, 1974). However, with t he kind of 

behaviour shown by ~ pallidipes it appears that group-mating is 

best in order to obtain high insemination rates in the laboratory . 

Mating stri kes by males of ~ morsitans are visua l ly 

mediated (Wal l, 1989a). Neve r theless, it is not clear if light is 

necessa ry fo r successful mating. For example, Leegwater-van der 

Linden (1983) has shown that there is no significant difference 

between percent insemination of flies ma ted in light and in darkness 

even though light promotes female and male en counters. As Romoser 

( 1973) explains, a wide variety of mech40isms function in bringing 

together the sexes; these usually involve visual, olfactory and 

auditory cues occuring singly or in combination. Temperature is, 

however, important in this respect. Laboratory temperatures are 

usually lower than 24°C in the mornings and when matings were tried 

at temperatures lower than 24°C, no pairing was observed. When the 

temperature was increased (between 25°C and 26°C) , the number of 

pairings were observed to increase. It is therefore important that 

for purposes of laboratory rearing, the temperature of t he mating 

room should be properly controlled. 
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Whereas !h_ morsitans will mate for over 1 hou r and in a 

few cases between 4 and 6 hours (Chapte r q), !h_ pallidipes 

t akes a very short time, usually l es s than 30 minutes (T able 17) . 

Saunders and Dodd (1972) repo rt ed t hat the min i mum t ime for 

successful comple~ion of mat ing in !h_ morsitans orientalis 

( = !h_ ~ morsitans) was 45 minutes and abou t 3 hours f or over 50% 

of the femal es to get i nseminated; Rogers (1 973b) also reported a 

short mating time in lb_ pallidipes. In lb_ pallidipes the 

short mating time did not appear to affect the degree of insemination 

and during periods of peak receptivity ( age 9 - 13 da ys) the average 

MSV was high and ranged from 1.66 to 1.95 . Nash (1955) found that the 

degree of insemination among fertilised females of ~ palpalis was 

uniformly high at all ages (MSV ranging from 1.8 to 1.9) . Similar 

results were obtained i n this study. Individual values for 

~ pallidipes showed that many flies had full spermathecae 

( MSV = 2.00). Older females (females over 13 days old) showed a drop 

in MSV coincident with a drop in recep t ivity . Therefore , a se cond 

mating a ppears to be unnecessary and keeping flies togethe r in mating 

cages for up to one week with the hope that multiple mat in g will occur 

to improve insemin ation seems to be redundan t. Keeping mal es and 

females together for a mu ch shorter per iod is desi rable and could 

improve lon gevity (Leegwater-van der Linden, 1983). A period of 3 

days appears to be sufficient to allow enough time t or all females 

to be inseminated. 
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No previously mated female was observed to mate a second time 

immediately after the first copulation. Whether females will re-mate 

after a much longer period, for example 24 - 72 hours was not 

determined. However, this phenomenon may not be a common occurrence 

in the field as Rogers (1973c) reported for the Ugandan strain of 

!h_ pallidipes. Probably, the females that seem to copulate more 

than once in the field are "taken advantage of" by being forced into 

mating by a few very aggressive males. Jordan (1958) stated that, 

apparently a considerable proportion of young females are likely to 

mate in nature on a number of occasions, but that the desire for 

mating is extinguished much sooner in life in mated females. 

Gillett and Langley (1981) showed that soon after mating the desire of 

females of !h_ morsitans to re-mate rapidly disappears. According 

to Mellanby (1936), one fertilisation of !h_ palpalis is sufficient 

to allow the female to produce larvae over a period of many weeks. 

Similarly, dissections of old females gave no indication that the 

sperm introduced at one pairing ever became exhausted. Leegwater-van 

der Li nden and Tiggelman (1984) also reported that multiple m~ting in 

!h_ pallidipes rarely occurs. In some other dipterans such as the 

housefly, most mated females are monogamous (Riemann et~' 1967). 

Similarly, once a virgin female Drosophila has mated, it is 

unwilling to accept another male for sometime (Manning, 1967). 

This phenomenon is also known in mosquitoes (Craig, 1967), and may be 

the normal pattern for Glossina. 

128 



The observations on spontaneous ovu lation in the present study 

is in agreement with Leegwater - van der Linden (1981) but differs in 

tha t the phenomenon is not as common as she reported. It is only 

when the flies were very old that over 70% ovulation was observed 

to have occur r ed. These results a l so agree with those of 

Wall (1989 b) who found that by 15 days of about 20% ovula t ion was 

observed. Ovulat i on increased thereafter. These results diffe r 

from those o f Odhiambo (1971) who reported that ovulation did not 

take place in virgins . Ovulation in virgins is not only peculiar 

t o ~ pallidipes, it happens also in ~ morsitans 

(Saunders, 1961). The receptivity and fecundity of fli es could be 

affected by spontaneous ovulat i on as about 5% of flies aged 11-13 

were observed to have ovulated. Mating in the laboratory should 

best be done before 11 days of age. When timing of ovulation in 

mated females was compared with ovulation of virgins, it was clear 

that generally, ovu l ation was acce l e r ated by mating. When 9-day ­

old females mated, over 60% ovulated within 24 hours. It was also 

shown in ~ morsi tans by Saunders and Dodd (1972) that mating 

accelerated ovulation. If mating i s delayed until the moment of 

ovulation of the first egg, it i s likely that such fema l es will 

fail to produce an offsp ring in the cycle immediately following 

mating (Langley, 1989) . Therefore it may be sensible to mate 

female ~ pallidipes at the age of 7 - 8 days. 

In conclusion, it is important t o emphasise that before 

attempting to r ear ~ pallidipes, it is necessary that any 

previously uninvestigated population be studied independently to 
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ascer t ain differences in mat1nq behaviour, whether minor or major. 

Ma t ing at the right age. carefully controll ing temperature and 

humidity to prevent wide fl uctuat ions, as well as keeping males 

and females together in mating cages for the shortest time necessary 

to r esult in successful copulation and adequate insemination are 

desirable Tor mass rearing of ~ pallidipes. 
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CHAPTER 7 

SOME FACTORS AFFECTING RECEPTIVITY AND 
INSEMINATION IN ~ PALLIDIPES 

7.1 INTRODUCTION 

laboratory conditions do not simulate natural conditon~. It 

has been observed that several species of Glossina could be 

easily reared in the laborato ry but some have proved very difficult . 

~ pallidipes can mate though not readily in the laboratory as 

observed in other species such as ~ palpalis and ~ morsitans. 

Several factors cou ld be respon sible for this. For example, 

Dean et !!l_ (1968) found that ~ morsitans could not be bred in 

large cages. They also concluded that the flies lived longer and were 

more reproductive in small cages. Some other insects can mate onl y in 

conditions of high light in t ensities while others can only do so in 

the dark (Romoser, 1973). 

Peters and Barbosa ( 1979) have reviewed the influen ce of 

population density on various factors such as size, fecundity etc. in 

insect colonies. They quoted Nighigaki who showed that copulation 

frequency increased exponent ially but fecundity increased only 

proportionally with increasing density in Callosobruchus chinensis. 

Snow (1980) also found that in ~ pallidipes the insemination rate 

was correlated with the population density; it was lower in low-

density populations, than in high density populations. However, high 

density could also affect longevity by caus ing high mortality . 
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The effects of some of these fac t ors are not well - known in Glossina 

as ve r y f ew stud i es have been carried out in this area. 

Leegwater-van der Linden (1983) reported th a t a comparison of groups 

of 3 and 6 females of ~ pallidipes in a cage with the same number 

of males showed that groups of 6 was better. However, when groups of 

6 and 9 where compared, there was no significant difference between 

the two. She also pointed out that shortage of mating encounters in 

the groups of 3 females and 3 males could i mpede accumulation of sperm 

through multiple mating . The l a tter has~ however, been found to be 

infrequent in the Nguruman st rain of ~ pallidipes (chapter 6). 

According to Lumsden and Saunders (1966 ) , most workers who 

attempted to colonise Glossina accepted 12:12 hour light regime 

of tropical zones in which they worked. They explained that since 

Glossina are generally diurnally active insec ts, most 

manipulation of them has been done in light; but low light intensities 

may be desirable. Leegwater-van der Linden (1983) reported that light 

was necessary to activate males and females of ~ pallidipes 

when they are r eady for mating. Mellanby (1936 ) also found that when 

~ palpalis settled near the edge of sunlight, they appeared to be 

more comfo r table. However, she (Mellanby , 1937) also observed that 

using larger cages and many different light intensities showed little 

effect on reproduction. 

Sex ratio at mating could also affect receptivity. Low fecundity 

may be due to inadequate insemination because adequate numbers of 

males were absent. However, excess ive copulatory attempts by males 
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could either be favourable, or cause mortality if large numbe r s of 

males are present due to loss of energy by females continuously 

struggling wi t h ma les. Leegwater-van der Linden (1983) found that 

under conditions of surplus males, performance was slightly bet t er if 

the flies we r e left together for 24 hours. 

I t is unusual i n tsetse mating experiments and even in laboratory 

r earing procedures to mate the flies singly in mating vials. Other 

workers have used group mating because i t is faster but individual 

flies cannot be easily followed. ~ morsitans mated singl y does 

not cause prob l ems because it mates readily . However, ~ pallidipes 

does not readily mate when a male and a female are introduced singly 

into a vial. Sometimes af ter several attempts to mount a female the 

male may become unwilling to mate. 

~ austeni was found to perform well when mated singly in 

tubes (Nash et !1_, 1968) and an insemination rate of about 

99% was achieved. Jaenson (1979b) also obtained high fecundity in 

single matings with ~ pallidipes but only when the flies were 

allowed to mate twice. However, Van Etten (1981) could not succeed 

when males and females of ~ pallidipes were allowed to mate 

singly bu t Langley (1989) obtained good result s when he allowed them 

to gr oup-mate and were and kept together for 40 - 48 hours. It is clear 

t herefore that different populations or strains of the same species 

of ~ pallidipes could behave differently and more work needs to 

be carried out in order to fully understand the behaviour of this fly. 
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This study was there f ore under t aken in order to determine the bes t 

conditions for maximum i nsemination of ~ pallidipes in the 

laboratory. 

7. 2 MATERIALS AND METHODS 

7 . 2.1 GROUP MATING COMPARED WITH SINGLE- MATING 

Groups of flies were allowed to mate in batches with at least 8 

females per cage and a ma ximum of 12 at a ratio of 1:1 (1 female: 

1 male). All males were over 12 days of age. Another batch of flie s 

were allowed to mate singly by introducing a single female and male 

into a plastic vial and l eaving them together for a period of 72 hours 

in a light regime of 12 hr darkness: 12 hr light. After this period 

the females we r e d i ssected and their spermathecae were examined for 

sperm. Females between ages 9 - 12 days (pe r iod of hig hest 

receptivity) were compared. 

7 . 2.2 MATING PERIOD (24 HOURS VERSUS 72 HOURS) 

Groups of females were allowed to ma te in batches in standard PVC 

cages in a ratio of 1 male: 1 female. All males were over 12 da ys of 

age. One group of females was left together with males for 24 hours 

while the other was left for 72 hours. At the end of each period, the 

females were dissected and their spermathecae were examined fo r sperm. 
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7.2. 3 CAGE SIZES 

I t was thought that mating flies in a slightly bigger cage while 

still maintaining the same number (8 - 12 females per cage) would 

improve insemination because the males would ha ve a better opportunity 

to fly and make mating strikes. Therefore, our standard PVC cages 

(18 x 8 x 4cm) used in all of the mating experiments carried out with 

~ pallidipes was compared with a bigger sized cage (21 x 16 x 18cm ) . 

This cage is usually used as an emergence cage in the laboratory 

(Plate 11). Flies, 8 - 12 in number, were int r oduced into each cage 

and kept together for 72 hours (keeping flies together for longe r 

periods has been observed to improve insemination); see Chapter 6. 

Various ages of females from 7 - 10 days of age were compared . 

Ages 7 and 8 days represent a period of relatively low receptivity and 

9 and 10 days represent a period of high receptivity. The males were 

over 12 days old. After a period of 72 hours together, the females 

were dissected and their spermathecae were examined. Other cage sizes 

could not be compared because of limited t i me and also because of the 

unavailability of adequate numbers of flies . 

7.2.4 L D 12:12 VERSUS DD 

L D 12:12 was compared with continuous da r kness (00) to determine 

whether the flies preferred to mate in dark conditions than bright 

condi tions. This is because of the more crepuscular habit of 
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PLATE 11 

THE TWO DIFFERENT CAGES USED TO MATE ~ PALLIDIPES 
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~ pallidipes which Willett (1953) suggested could be the reason 

why this species failed to mate under laboratory conditions. 

The flies were introduced into PVC cages (18 x 8 x 4cm). Ei ght 

to ten virgin females were introduced into the cages with the same 

number of males aged 12 days or more. Various age groups of females, 

namely: 5 - 8, 9 - 13 and 14 - 18 days were compared. One group of 

flies was covered with a double piece of black cotton cloth throug hout 

the day and as well as during feeding. The other group was uncovered 

and so was mainta in ed in about 12-hour light and 12-hour dark 

conditions . All groups of flies were kept in the insectary for a 

period of 72 hours. After this period, the females were dissected 

and their spermathecae were examined for sperm. 

7.3 RESULTS 

7.3.1 GROUP MATING COMPARED WITH SINGLE MATING 

Figure 11 shows tha t 80% of the females aged 12 days old were 

inseminated when group-mated, compared with only 50% at the same age 

when singly - mated. It can be seen that irrespective of the age of the 

fly, in single ma t ings the percentage of flies inseminated was quite 

low (usually below 50%). This was even so when females were left 

together with males for a period of 72 hours. However, in group-•ated 

flies there was over 60% insemination at all ages (9 - 12 days of age). 

Thus, group-mating was better than single-mating. Note that although 

the flies used in this and subsequent experiments were several days 
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FIGURE 11 

PERCENT FEMALES INSEMINATED WHEN GROUP-MATED 
OR SINGLY-MATED 

SINGLY-MATED FEMALES 

/111111 GROUP-MATED FEMALES 
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older at the end of t he mating period, they were generally referred to 

by their original ages at the time of mating, for convenience. 

7.3.2 MATING PERIOD (24 HOURS VERSUS 72 HOURS) 

Insemination was generally improved when females were allowed to 

stay together with males for a period of 72 hours (Figure 12). It was 

even mo re difficult to get high insemination rates at a ratio of 1:1 

when the flies were left togethe r for 24 hours. Figure 12 thus shows 

a distorted picture. There was no trend; at ages 9-13 days when high 

receptivity was expected, only about 16% insemination rate was 

achieved for a period of 24 hours compared with over 60% for 72 hours. 

There was therefore a highly significant difference between a 24-hour 

period and a 72-hour period at the age of 9-13 days (~~ = 10.04, 

<0.01). 

If Figure 12 is compa r ed with Figure 9 (in Chapter 6), it can be 

seen that a much better rate of insemination was achieved for a 

period of 24 hours. Thi s is because, in the experiment presented 

in Figure 9, mating was carried out at a ratio of 2:1 ( 2 males: 

1 female) when excess males were available for courtship. Keeping 

males and females toget her for 72 hours appears to be l ong enough to 

achieve a high insemination rate at a ratio of 1:1. At the age of 14-

18 days when receptivity was ex pected to be low, over 50% of the 

females were found to be inseminated when they were kept together with 

males for 72 hours. This compares with about 30% insemination rate 

during a 24-hour period. 
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FIGURE 12 

PERCENT FEMALES INSEMINATED WHEN KEPT WITH MALES 
FOR PERIODS OF 24 HOURS AND 72 HOURS 

FEMALES KEPT FOR 24 HOURS 

/////Ill/ FEMALES KEPT FOR 72 HOURS 

n = NO. OF MATED FEMALES 
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7.3. 3 CAGE SIZES 

Though the small cage did relatively better than the large one 

(Figure 13). ove r 60% insemination was generally achieved with both 

cages. The exception was with females that were aged 7 days; at t his 

age just over 10% insemination was achieved with the large cage. With 

the small cage, 100% insemination was achieved in some cases. It was 

considered unnecessary to determine whether there was any significant 

difference between the cage sizes because the attainment of 100% 

insemination clearly showed that the small cage was better. Under the 

circumstances, a small cage is preferred because it is easy to use 

especially when feeding the flies. 

The very high insemination rate observed was achieved with flies 

that were 8 and 10 days of age. It should, however, be noted that at 

these ages, the number of flies mated was 8 (Figure 13). This number 

is the least preferred of flies per cage in mating experiments of 

of ~ pallidipes, because preliminary observations had showed 

t hat high insemination rates are achieved when mating is ca r ried out 

at a ratio of 1:1. 
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FIGURE 13 

PERCENT FEMALES INSEMINATED WHEN KEPT WITH MALES 
IN SMALL OR LARGE CAGES FOR 72 HOURS 

N = NUMBER OF MATED FEMALES 
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7 . 3 .4 L D 12:12 VERSUS DD 

There was no significant difference between flies kept under a 

reqimen of 12-hour dimliqht and 12-hour darkness and those kept under 

continuous darkness throughout the observation period <')l.1 = 0.13, 

P>0.05). Over 70% insemination was achieved at ages 9-13 days in both 

cases (Figure 14). At the end of the experiment, flies that were S-8 

days old were instead 8-11 days and were therefore expected to show 

high inseminati on rates. This was generally so as over 60% of those 

kept under normal conditions were inseminated. However, less than 50% 

insemination was achieved with flies that were kept in continuous 

darkness. Once the flies were kept together for 72 hours, the 

presence or absence of liqht was insignificant. 
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FIGURE 14 

PERCENT FEMALES INSEMINATED WHEN KEPT WITH MALES 
IN CONTINUOUS DARKNESS OR IN 12 HOUR LIGHT AND 

12 HOUR DARK REGIME FOR 72 HOURS 

FEMALES KEPT IN L D, 12:12 

- //// / //// FEMALES KEPT IN DD 

n = NUMBER OF MATED FEMALES 
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7.4 DI SCUSSION 

The capability of producing an insect species easily, efficiently 

and in large numbers is a prerequisite for considering a program of 

sterile male release for any insect (Chambers, 1977). The first 

problem is that of rearing the insect. Problems could arise if high 

receptivity and thus high insemination ra tes cannot be achieved in the 

laboratory . Since different species of tsetse require different 

climatic and other conditions to reproduce well, it was necessary to 

obtain information on factors that could improve the receptivity of 

~ pallidipes in the laboratory. Getting ~ pallidipes to 

mate in the laboratory has proved to be a problem for many workers in 

this field. 

In the studies reported here, a high insemination ra te was 

achieved when the flies were group-mated compared to single-mating. 

Owaga (1981) could not get !;L__ longipennis Corti to mate when 

females were kept singly with males. Probably, group-mating wou ld 

have led to some success. According to Leegwater-van der Linden 

(1980) , a mating technique which offers many mating opportunities 

appears essential if high insemination rates should be achieved. 

This will be possible only when group-mating is carried out. In 

group-mating, females have the opportunity of being courted by a 

number of males and unwilling males can be easil y excluded. 

In single-mating, however, close monitoring of the pairs and 

selective removal of unwilling males will be necessary, which, 
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needl ess to say, will be cumbersome and laborious if large numbers of 

females are to be mated. In Lucilia cupr in a (a blowfly), 

Barton-Browne and Von Ge rw en (1988) r eoorted that. when the f emales 

were housed in grou ps, receptivity was low but high when they had 

been housed singly. This behaviour is similar to swarming behaviour 

in some insects,for examp l e, Anopheles qambiae which as Charlwood 

and Jones (1980 ) e xp lained, tends to increase male and female contact. 

Flies mated singly also have a problem of being pro perly fed since 

each vial will have to be fed at a time, or 3 or 4 vials will have 

to be put togethe r. For group-mated flies i n mating cages, two cages 

containing probably 10 females each can be fed at a time, compared to 

2 or 6 females in vials. Group-mating therefore presents a number of 

advantages. 

The percent insemination of ma ted females increased 

significant l y when the flies were kept for 72 hours compared to 24 

hours (Figure 12) and for 24 hours compared to 3 hour s (Figure 9). 

As has been mentioned, the females probably need several minutes 

of cour t ing before they are appeased and keeping them for 72 nours 

probably. gives sufficient time for this to happen. In other words, 

the females became more receptive as they received adequate 

stimulation for appeasemen t . According to Manning (1966), some 

virgin female insects are totally receptive to males and accept 

their first partner, but others reject males until they have 

received an adequote amount of stimulation. Manning also 

explained, that a mature virgin female Drosophila ~elanogaster 

Meigen requires an average of three minutes courtship before she 

accepts a ~ale. 
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According to Chapman (1982), once a male has recognised a female 

he may mount her and at t empt to copulate immediately as is the case in 

Musca (Dipt er al and some Odonata but in some cas e s she may be 

unreceptive. He stated that in the latter case, she is said to be coy 

and needs to be stimulated by the male before she will permit him to 

mount. Bastock and Manning ( 1955) expla i ned that coyness could be 

r egarded as a way by which disturbance is redu ced to a minimum and 

probabl y to facilitate correct identification of a mate so that fewer 

mist a kes are made . 

A ratio of 2:1 (Chapte r 6) proved better as more flies were 

inseminated within a 24-hour period. More encounters were possible 

in t hi s case. However, for economic reasons it is more advantageous 

to •ate at a 1:1 ratio and keep the flies together for 72 hours. 

The results in this study therefore differ from those of Leegwater­

van der Linden (1983) who reported that a mating opportunity of 24 

hours was effective for insem ina tion. 

Small cages were more effective than large cages in improving 

insemination rates. In some cases there was 100% insemination rate. 

Wil l ett (1953) used a cage measuring 15 x 8 x 5 cm f or ma intaining 

11..:_ swynnertoni (5 to 15 flies pe r cage). He found that the death 

r ates in cages containing 11 - 15 flies were greater in proportion 

than in less crowded cages although the difference was not 

stat i stically significant . He also reported that 10 flies could be 

kept without causing overcrowding. This fact suggests a relationship 

between cage size and number of flies. Thus, there should be a 
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preferred number which could facilitate encounters with the sexes as 

well as preventing high mortality. 

During the course of this investigation , it was noticed that most 

of the cages where very high insemination rates were recorded 

contained 8 female s and an equal number of males. In Figure 13, it 

can be seen that flies aged 8 and 10 days performed very well with 

100% insemination being achieved (these flies were kept at 8 females 

per cage during the mating experiments). It was also observed that 

when the number was increased to between 13 - 15, insemination rates 

dropped. This effect could be due to crowding. Eight appears to be 

the ideal number for our standard PVC cages (18 x 8 x 4 cm). 

Leegwater-van der Linden (1983) reported that 12 females per cage 

(13 .5 x 5 x 8 cm) was maximum at which the performance was not 

affected. 

Large cages ha ve some disadvantages. Feeding was a problem s ince 

they could not be strapped onto the ears of rabbits. It became 

cumbersome as the flies had to be transferred to standard cage s for 

feeding. Ther e could also be a problem of locating a mate if the cage 

is too big and the fl i es are few . Probably, i ncreasing the number of 

flies will help but the probl em of feeding will still be there. 

Dean et ~ (1968) found that Glossina li ved longer and were 

more reproductive in small cages measuring 8 x 8 x 11 inches than in 

large cages. Mellanby (1936) also f ound that la rge cages did not show 

any adverse effect on reproduction. The r e could be a problem of 

exhaustion in large cages however, as there will be more room for 

increased activi ty . 
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In the laboratory~ flies in caqes were nearly always found to 

rest at the end nearest the window and no fly was found resting in 

the darker parts and none stayed long in the direct rays of the sun 

(Mellanby, 1936). According to Mellanby, this observation compares 

well with resting in the sun flecks near the edge of a clearing but 

seldom in dense forest under a heavy canopy. It is also probable 

that ~ pallidipes would prefer to mate in shaded places 

because of its more crepuscular habits (Willett, 1953). Though this 

could be true because of the difficulty of observing ~ pallidipes 

mating in the field, no significant difference in insemination was 

found between flies kept in the dark and those kept under normal 

conditions. Dean et~ (1968), however, reported generally poor 

insemination in the dark in ~ morsitans . The results presented 

here also differ from those obtained by Leegwater-van der Linden 

(1983) who reported that light apparently promotes female and male 

encounters. It would appear that it is close contact which promotes 

male and female encounters. This cou1d be observed with ~ morsitans 

in mating tubes when sometimes it is necessary to blow a current of 

air over the pair or just shake the tubes to bring the pair together. 

Small cages are therefore advantageous in that close contact can 

easily be facilitated. 

In conclusion, the results show that group-mating was more 

effective than single for optimum reproductive performance of 

~ pallidipes. Small cages were advantageous in that feeding 

could be carried out easily and the sexes were easily brought 
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together. A matinq period of 72 hours resulted in high insemination 

rates. Whether matinq was carried out in continuous darkness or under 

normal conditions did not matter as high insemination rates could be 

achieved under both conditions. The normal condition of L D 12:12 for 

mating tsetse i s preferred as no additional effort is required. These 

factors taken together should improve receptivity and result in high 

insemination rates in !h_ pallidipes. 
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CHAPTER 8 

MATING BEHAVIOUR OF MALE ~ PALLIDIPES 

8.1 INTRODUCTION 

In the laboratory, a common cha racteristic of males of 

~ pallidipes is the ir apparent reluctance to mate . Whether this 

behaviour is characteristic of a particular age group or a common 

attribute of all males of this species is not clea r. Willett {1953) 

pointed out that a major difficulty in the rearing of successful 

colonies of~ pallidipes is the attainment of an adequate 

fertilisation rate among mated females. This could be related to 

the relative abilities of different age groups to inseminate well. 

Differences between allopatric populations have been reported by 

Jaenson (1978a) and Van Etten (1981), though Wall (1989b) did not 

think that there are gross differences among such populations. 

There are very few studies on male mating behaviour in ~ pallidipes 

to rely on; therefore, any additional information is of the utmost 

importance. 

In ~ pallidipes, Rogers (1972) reported that there was no 

difference in fertility in females mated by males of different ages 

especially when the males were over 6 days old. In addition, Rogers 

(1973a) found that certain males showed more sexual activity than 
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others and mated up to four times in a period of 5 hours, whereas 

others did not mate at all. Leegwater-van der Linden and Tiggelman 

(1984) also found that virgin males inseminated four times in 

succession and still remained eager to copulate. They also found 

that experienced and virgin males we r e equally successful a t mating 

but after three successive matings alternated with periods of rest, 

the males did not regain their original inseminating capacity. 

Jaenson (1979a ) also studied males that were two days old and found 

that onl y 10% copulated norma lly but by day 10, all the males had 

copulated. He also found that the MSV of females insemina t ed by males 

in different age groups were not significantly differen t . 

Several studies have been carried out on male mating behaviour in 

other species of Glossina. For example, Nash (1955) found that 

the virility of young males of !h_ palpalis under 7 days old was 

far less than that of older males aged 9 to 33 days. Einyu and Kapaata 

(1983) also showed that in !h_ !!!...!... centralis pairs became more 

frequen t with inc rease in age, and coupli ng was usually immediate. Male 

Glossina has been repor t ed to mate a number of times in succession. 

For example, in !h_ morsitans, Dame and Ford (1968) showed that the 

mean number of females inseminated per male ranged from 4 . 9 to 5.6. 

Jordan (1972b) also found that male !h_ morsitans and !h_ austeni 

never refused a female ev en after mating a number of times. 

Jaenson (1978a) has shown that differences exis ted in copulation 

time between two different popu l ations. Van Etten (1981) also found 

tha t flies from Nguruman and Mwalewa in Kenya differed from each other 

157 



in copulation time. pupal weight, age at which the first larva is 

produced and duration of interlarval periods. These findings show 

that differences do exist and these differences whether minor or 

major, could affect the laboratory rearing of this species. This 

study was therefore carried out i n order to obtain more information 

on the mating behaviour of males of ~ pallidipes in the laboratory 

with respec t to the age at mating and inseminating ability at various 

ag es, with a view to elucidate why this species does not r ead ily mate 

in the laboratory. 

8 . 2 MATERIALS AND METHODS 

8.2.1 PRE-MATING BEHAVIOUR OF ~ PALLIDIPES 
COMPARED WITH ~ MORSITANS 

Eight males of ~ pallidipes at various ages were introduced 

into cages containing 8 fema les aged 9-13 days. Individual ages were 

not observed but instead combined into groups. The pre-mating 

behaviour of the males was recorded by direct observation for a period 

of one hour. Observations for each age group were repeated three 

times with fresh males and females. Males of ~ morsitans that 

were 3 and 7 days old were also i ntroduced into cages containing 

females of the species . Thei r pre-mating behaviour was observed as 

described above . 
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8.2.2 DEVELOPMENT OF THE ARG 

Males of ~ pallidipes at various ages ranging 1 - 15 days 

were dissected and the diameter of the widest section of the ARG was 

measured. Fifteen flies per age group were dissected. Since the ARG 

branches into two, the mean of the two branches was taken in order to 

determine the growth in size of the gland as the fly matured. 

8.2.3 INSEMINATING POTENTIAL AT VARIOUS AGES 

Males were grouped into various age groups and were then 

introduced into female cages at ratio of 1:1. After a period of 72 

hours, the males were separated from females and the MSVs of mated 

female s were recorded after dissection. In this experiment~ it was 

possible that one male could insem inate more than one female. This 

could not be avoided. To ensure insemination of females, it was 

considered desirable to leave the pairs together in the cages for up 

to 72 hours~ However, in Chapter 6, it was reported that females of 

~ pallidipes did not re-mate and the conclusion was that if tnis 

happen s in nature then it must be very rare. One can the refore 

assume that multiple matings are not likel y to significantly affect 

the results. 
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8.3 RESULTS 

8.3.1 PRE-MATING BEHAVIOUR OF ~ PALLIDIPES COMPARED 
WITH THAT OF ~ MORSITANS 

(a) G.PALLIDIPES 

fable 22 describes the pr e-mating behaviour of males of different 

ages. The typical behaviour shown by males attempting to court at 

the age of 10 and above is as follows: the male jumped on the back of 

the female, attempted to make hypopygial connection, was rejected, and 

then flew away. This was repeated with the same or other females 

during group-mating (when several males were present) until one male 

finally succeeded. At other times, one or two males mated immediately 

without going through this 'elaborate courtship' when introduced. 

Immedi a te copulations were usually few. 

After flying about in the cage for some time both males and 

females would suddenly stop and become inactive. Sometimes, a male 

would start to fly, and this would appear to trigger mass flying of 

males and females. When the cage was disturbed by tapping or the 

sudden opening of doors, the flies would start to fly again. Males 

as a rule did not persist when rejected but the ability of some to 

persist increased with the age of the male (at older ages a few 

strongly persisting males were observed). Some males then succeeded 

in mounting females while others were rejected by females. This 

behaviour was repeated several times (i . e. alternate periods of 

passivity and activity) . 
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TABLE 22 

CHANGE IN MALE PRE-MATING BEHAVIOUR 
OF ~ PALLIDIPES WITH AGE 

AGE OF MALE (DAYS) BEHAVIOUR 

2 3 

4 5 

6 7 

8 9 

10 11 

12 13 

14 15 

> 15 

161 

No mating attempt within the first 
10 minutes and thereafter 

No mating attempts within the first 
10 minutes and thereafter 

No mating attempt within the first 
10 minutes but very few weak attempts 
thereafter 

No mating attempts within the first 
10 minutes but few weak attempts and 
occasional strong ones when the cage 
was shaken 

Still generally lethargic but several 
weak and occasional strong attempts 
made even when the cages were not shaken 

Several strong attempts . 
generally active 

Many aggressive strikes. 
showed strong persistence. 
were generally active 

Flies were 

Some flies 
The flies 

Very aggressive . Many will dart 
around and strike a female and 
attempt to mount her . 



Most males that were younger than 10 days old remained inactive 

in the cages and usually tried to mount only when the cage was 

shaken. Occasionally, one or two could be observe in copula. 

In general males were not observed as being keen to mount females. 

( b) ~ MORSITANS 

Many males that were 3 days old were observed to strike. 

However, a few remained passive. Most of the active males moved 

swiftly . They darted across the cage siezed a female, sometimes in 

flight and immediately engaged genitalia. This behaviour was best 

observed in older males. With 7-day-old males, almost 100% of the 

males siezed any female they could see close by. It was usual to 

. observe about 3 males all try ing to mate with a single female. This 

kind of behaviour was completely absent in male ~ pallidipes. 

When I tried to separate some of t hese males, they held tightly on and 

could not be easily separated. Their ability to persist was 

characteristic and sometimes even when rejected they finally succeeded 

in over-powering the female. They gave up only when rejection by the 

female was very strong. This happens when the female violently 

kicked in every direction and rolled over continuously. 
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8.3.2 DEVELOPMENT OF THE MALE ACCESSORY GLAND ( ARG) 

The ARG increased in diameter with increase in age <Figure 15). 

Gr owth was continued from day 2 to 3, after which it appeared to 

stop by day 5. Growth was then continued again and ceased 

at the age of 11 days. This age actually coincides with the age at 

which the males began to make strong mating strikes (T able 22). At 

this age, the mean diameter of the ARG was 0.17mm + 0.01 SD 

(Table 23). It can be seen that by the time the males were 10 days 

old, the ARG diameter had reached 0.16mm; a reasonably mature size 

seen even in much older flies. However, less than 9 days of age, the 

ARG diameter appeared to be very small(0.13mm) and high degrees of 

insemination may not be achieved. The largest ARG diameter recorded 

was 0.20mm, but it seemed that many flies did not reach this level of 

development. The most common size was 0.16 - 0.17mm. 

8.3.3 INSEMINATING POTENTIAL AT VARIOUS AGES 

Tab le 24 shows that males that were 7 days old and above 

inseminated well; usually an average MSV of over half wa s recorded. 

At the age of 7 days, the MSV was low compared with flies tha t were 

over 7 days old. However~ an analysis of variance test showed that 

there was no significant difference between the different age groups 

(F = 1.26, P>0.05). Increased willingness to mate reflected high 

inseminating potential in males; probably males less than 7 days old 

will not inseminate well because of the size of the ARG at this stage. 
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FIGURE 15 

CHANGE IN DIAMETER OF ACCESSORY REPRODUCTIVE GLAND(ARG) 
OF MALE !L_ PALLIDIPES WITH AGE 
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TABLE 23 

CHANGE IN DI AMETER OF ACCESSORY REPRODUCTIVE 
GLANDS(ARG) IN VIRGI N MALES 

AGE(DAYS) DI AMETER OF 
OF MALES MEAN ± 

7 0 . 13 

8 0.14 

9 0 . 15 

10 0.16 

11 0.17 

12 0 . 16 

13 0.17 

14 0 .17 

15 0.16 
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ARG(MM) 
SD 

0.02 

0.03 

0.03 

0.02 

0.01 

0.02 

0.02 

0.01 

0 . 02 



TABLE 24 

INSEMINATING ABILITY OF MALE ~ PALLIDIPES 
(MEASURED AS MSV) AT VARIOUS AGES (DAYS) 

AGE(DAYS) 
OF MALES 

7 

8 - 10 

11 - 13 

14 - 20 

(F = 1.26,P>0.05) 

N 

10 

22 

13 

36 

N = NUMBER OF MALES DISSECTED 

MSV 

l'IEAN ± 

1.68 

1.84 

1.94 

1. 79 

SE 

0.02 

0.01 

0.01 



8.4 DISCUSSION 

Males of ~ pallidipes were les s sexually ac tiv e than males 

of ~ morsitans. Once males of the right age (11 days old) 

were used for mating, high insemination rat es were achieved. However, 

compa red with ~ morsitans, the observed behaviour of 

~ pallidipes di d not show that zest or wil li ngness t o mate and 

the persistence so cha r acteristic of ~ morsitans. Wall (1 988) 

also found tha t fundamental differences do exist in the mating 

activity of t he two species. Wall showed that 60% of all 

interactions i nitiat ed by male~ pallidipes ended with in the 

first mi nute, whereas, in ~ morsitans only 11% of interactions 

did so. I n this respect , males of different po pulat i ons of 

~ pallidipes appear to show the same behaviour. 

Males of ~ pall id ipes do not usually persist when re j ected . 

In some other species of Glossina mating is usual l y immediate. 

Na s h (195 5) r eported tha t the typical be haviour of ~ palpalis when 

added t o a mating cage containin g females of t he right ma ting age was 

that pairs appeared on the wall as the males we re shaken out of the ir 

containers,~but wi th such speed t hat the eye could not easily catch it 

happening. The same behav i our was observed by Ein yu and Kapaata ( 1983) 

who observed that ~~central is coupled immediately; the male 

usually made one a ttempt . They also found t hat 96% of 15-day-old 

males coup l ed immediately . 
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Probably , the aggressive behaviour seen i n ~ ~ mors i tans, 

~ !!!..!._ centralis and ~ palpalis explains why these species 

mate ve r y eas i ly in the laboratory . Se xual vigour of males is 

affected both by mean level of activity and its variability within 

strains (Kence and Byrant. 1978). It appears that species which mate 

easily take a much longer time !Jl copula (about 1 - 3 hours). 

In Chapter 6, ~ pallidipes was shown to take a short period 

in copula (usually less than 30 minutes). Short duration of 

copulation appears to have a relationship with less willingness to 

mate. 

In terms of evolutionary advantage, a short duration of 

copulation seems to take into consideration the time needed for the 

sexes to come together. It is therefore understandable that since 

males of ~ pallidipes waste time courting, when they do have the 

opportunity to mate, they only need to spend a much shorter time 

in copula. This has the advantage of freeing these males so that 

they could cou r t other females, otherwise this species will be selected 

against. In this case, most females will have the opportunity of being 

inseminated before age makes them refractory. The se l ection of a mate 

of the correct species is therefore very important. 

In female ~ morsitans which can mate several times early in 

life, even if gametes are wasted at a first mating there is a 

possibility of a secon d mating. This will ensure high insemination 

rates among its females whereas this may not be so in ~ pallidipes. 

However, in the laboratory, mating females with males over 10 days old 

should give high insemination rates and high degrees of insemination. 
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The onset of ' male appetitiveness ' seems to correlate with the 

growt h and development of the ARG. The ARG was observed to increase 

with age until about day 10 when it stopped (Figure 15). This age 

coincides with the age when males begin to become more active and court 

well. Jaenson (1978b) used males that were 10-12 days old but Langley 

(1989) used males that were 9-12 days old. Though the results 

ob tained in this study showed that there was no significant 

difference in degree of inseminati on between ages 9 - 12, lack of 

sexual appetite could result in lower insemination rates. However, 

Langley (1989) obtained good result s with his ~ pa l lid ipes 

which originated from Lugala in Uganda. Th is is probably another 

example of behavioural diffe r ences between different populations. 

On t he other hand, the inactivity of his 9-day-old flies could have 

compensated for by his 11-12-day-old flies. Since multiple ~ating 

is a feature of males of this species also (Rogers, 1973a; 

Leegwater - van der Linden and Tiggelman, 197q), laboratory 

performance was not affected. Wall (1989b) has however re j ected 

the i dea of gross geographic differences in ~ pallidipes 

mating behaviour but accepted the possi bility of minor diffe r ences. 

In conclusion , the results show that as male~ pallidipes 

aged their libido gradually increased, the maximum appetitiveness 

was being reached about the age of 1q days. Males apparently need 

to court females for a certain length of time before the female is 

ready. The time of sexual appetitiveness was observed to coincide 
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with maturity of the ARG. At this time high insemination rates can be 

achieved. These facts have to be observed in order to obtain high 

insemination rates as well as high degrees of insemination in the 

laboratory. 
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CHAPTER 9 

GENERAL DISCUSSION 

Refractory behaviour was investigated in ~ !!!..!.. morsitans. 

Sexual receptivity and male ·sexual appetitiveness' we re also 

investigated in ~ pallidipes in order to explain their apparent 

reluctance to mate in the laboratory. Females of many species of 

insects will not accept courtship advances after successful mating 

(Matthews and Matthews, 1978). In some species like Aedes aeqypti, 

this refractory behaviour is temporary (Williams and Hagan, 1977), 

while in others, it lasts for life (Matthews and Matthews, 1978) . 

What causes refractory behaviour in females of Glossina? The 

causes could be chemical or mechanical, or both. Whether it is only 

one or both factors responsible for refractory behaviour is not 

entirely clear for many insects, and this is so for Glossina. 

In !h_ morsitans, receptivity declined afte r mating 

(Chapter q) . However, during the first few hours of mating about 60% 

of mated females remated. Perhaps this period is too short for the 

chemical or mechanical factor to registe r completely. Females may 

remate a number of times early in life, an evolutionary significance 

to increase the amount of sperm received at a less successful mating 

or to have another chance of being inseminated because the previous 

mating was w~th an abnormal male, or one which had exhausted its sperm 

due to repeated matings. Jordan (1958) also f ound that in 
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~ palpal i s the occurrence of re-mating was more frequent amon g 

younger flies. Using a phenotype genetic marke r Okra, it was possible 

for Kawooya (1977) to demonstrate that reinsemina t ion could occur in 

~ ~ morsitans when successful remating ta kes place. 

Multiple mating early in life presents severa l advantages to 

those species that will lose their receptivity for the rest of their 

lives since sperm mixing can occur and new genes can also be 

exchanged. Thi s happens in other dipterans too. For example, 

Richmond and Ehrman (197q) reported that in Drosophila paulistorum, 

sperm mixing might occur during remating. Accord i ng t o Davey (1985), 

if multiple ma tings occur before oviposition begins, mechanisms which 

ensure sperm mixing should be favoured. In males, the risk of 

subfertil e mating is outweighed by the advantage of seizing every 

opportunity for a fertile one (Manning, 1966), whereas in females 

subfertile mating is disadvantageous as it can lead to r efrac toriness 

for the rest of the female's life. 

The indu c tion of refractoriness_ in ~ ~ morsitans was 

found to be mechanically activated (Chapter q). Other factors known 

to affect receptivity in some species of dipterans, for example, the 

duration of copulation, degree of in semination or male accessory gland 

secretion did not show any effect (see Chapter q). In some insects , 

f or example, the housefly (Musca domestica), male ARG secretions 

inhibit re-mating by chemical means, mediated through the central 

nervous system; this is most often characterised by an active display 

of resistance by the female to a courting male (Leopold, 1976). In 

other insects, for example, Aedes aegypti, as the bu rsa 
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co pulatrix fills with seminal fluid, an immediate swit ch off of 

receptivity occurs. This is probabl y due to me chanica l s ti mulati on 

also. Howeve r, Gill ett and Langley (1981) s uggested that both 

mechanical stimulation and ARG secretion ac ti ng together we re 

responsible f or the onse t of refractoriness in !h_ !!!..!-. morsi t ans. 

However, the present s tud ies showed that this did not a ppea r to be the 

case. Intact, it appeared that mechanical st i mu lat ion due t o intense 

male jerking at the end of mating was the cause of refractoriness in 

!h_ morsitans. When there was no male jerking (that is, there was 

no sperm transferred though ARG secretion had been transferred) the 

flies r emained receptive. 

Further work needs t o be done using different species of 

Glossina in order to confirm that the male ARG is not important 

in the onset of r efractory behaviour. This is important, for examp le, 

in !h_ pallidipes where the present stud i es (Chapter 6) showed that 

this spec i es completely lost i ts receptivity immediately after a first 

mating. In the ~erman cockroac h, Cochran (1979) found that the first 

mating provid ed adequate s perm for a female's entire l ife . However, 

Leeqwater-van der Li nden and Tiggleman (1984) r eported observing 

females of the Uganda strain of !h_ pallidipes re-mating, thoug h 

this was rare. Maybe t he 'switch off' process is very effective in 

thi s s pecies and should be further investigated; probably enough time 

was not gi ven in the present s t udy. This could shed more light on t he 

onset of refractory behaviour in Glossina i n genera l. Mo r e 

work also needs to be done in order to unde r stand how this ' swi t ch 

off ' mechani sm actually works; that is whet her a chemical is released 
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or whether it is due only t o the stimulation of the terminal setae or 

other stretch receptors present on the abdomen. Experiments with 

haemolymph from ma ted females i nj ected into virgin f emales di d not 

show that a chemical factor was released into it (Chapte r 4); since 

haemolymph was obtained after decapitation of t he mated females . 

dilution at t he materia l could have taken pl ace as decapitation causes 

salivary gland tubes, oesophagus and haemo coel to open and release 

sali va ry gland sec r et ion, gut content etc. In ~ pallidipes , 

Leegwater-van der Linden ( 1983) reported that accessory gland 

sec re tions did not have any ef f ect on r efr actoriness . Thus, no 

receptivity inhibiting subs ta nce was found i n the male ARG sec r etions 

in ~ morsi~ans and it is concluded t hat male ARG secretions 

were no t importan t in the onset of refractory behaviour. 

The fact that it has been established that early in life 

multiple matings take place in Glossina ~raises another 

pertinent question. Is it necessary for old females of Glossina 

to re-mate later in life? In Chapter 5 , it has been s hown that 

fem a les did not re-mate later i n life and therefo r e this will oat affect 

t he SIT. There are t wo sperma t hecae in Glossina ~; as i s also 

the case i n phlebotomus ~- (Diptera) but s ome nematoceran and 

most hig her flies have three (Cha pman, 1982). For example, in 

Culex and Tabanids there are three (Wigglesworth, 1972). 

Whether the numbe r of spermathecae has any r elat i onship to the number 

of eggs needed to be fertilised is not clear, but it can be easi ly 

appreciated why a mosquito such as Culex or Aedes would need 

to re-mate late r i n life. 
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In Culex, the production of a large number of eggs needs 

a good store of sperm for fertilisation. probably this is why 

Culex has three spermathecae. However, the production of only 

one larva every 10 days would need considerably less sperm, although 

fertilisation is usually a wasteful process as a large amount of 

sperm is released. Does this lead to sperm exhaustion? It has 

infact been shown that one mating was usually sufficient since the 

sperm remain alive for a long time because they are probably nursed 

nursed by secretions from cells that surround the lumen of the 

spermathecae (Jordan, 1972a and 1973). A second mating is 

therefore unnecessary later in life. On the other hand, males of 

~ morsitans can mate a number of times and it appears that 

only sperm exhaustion would prevent them from inseminating as they 

did not appear to lose their appetite for females even in their 

old age (Chapter 5). 

Tsetse females of a number of spec~es normally mate within a few 

days of emergence (Jordan, 1986~ Langley, 1977), but G. pallidipes 

does not appea r to readily mate in the laboratory when males and 

females are introduced together in mating vials or cages. Whether 

this behaviour is common in the field is not known. However, in the 

field ovarian abnormal ·ties and insemination failure are rare, and 

abortion is the only major source of loss of fecundity 

(Turner and Snow, 1984). Langley (1989) puts it succinctly when he 

said that, "we have little idea of what constitutes normal mating 

behaviour in ~ pallidipes". Langley and Hall (1984) reported 
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that in Zimbabwe, few ~ pa llidipes were seen t o interact with 

de coys. an d mating couples were not observed. The reason could be 

that they either do not readily mate in cap t iv ity or have a 

different mating strategy. The latter seems plausible. For example, 

Jaenson (1978b) showed tha t females were most recepti ve when the y were 

9 - 13 days old. This behaviour was found to be so in the present 

investigation, which is probably why Vale (cited by Langley, 1989) 

found a larger proportion of t ene ral ~ pallidipes females 

uninseminated in the Zambezi Valley. 

In ~ pallidipes, the Nguruman strain was found no t to be 

reluctant to mate in the laboratory as has been generally suggested 

for most strains of t his species. This strain of ~ pallid ipes 

mated relatively easily when males and females of the right age were 

given sufficient time together, and other factors like group-mating 

and sex ratios (see Chapter 7 and 8) were taken into consideration. 

Under these conditions, over 90% of females could be inseminated. 

However, it should be noted that males and females of 

~ pallidipes do not immediately go in copula (as seen in 

~ !!!...:.. morsitans) even though they may be of the r igh t age . 

The onset of receptivity in female ~ pall i dipes was found 

to be related to the maturation of the fir s t egg (Chapter 6) . It has 

been shown in other species of dipterans such as the housefly that 

mating was r elated to ovarian development (Adams and Hint z , 1969). 

According to Langley (1989), late mating could be of survival 

advantage if adult mortality is an important factor in the regul a tion 

of tsetse population numbers early in life. Mating at an old age 
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could be advantageous though this cannot be appl ied to~ morsitans 

which mate early and whose population is also regulated early in life 

by adult mortality (Langley, 1989). Though we s till do not know much 

about the mating behaviour of Q..:.. pallidipes it nevertheless, is 

certain from the present investigation that Q..:.. pallidipes does 

mate i n the laboratory when given the right cond itions. Not all 

species of insects will readily mate even in the wild because an 

elaborate courtship display may be a pre-requisite. Perhaps, this 

apparent unwillingness to mate may be due to the tact that the females 

need to be adequately stimulated before they are pacified. What type 

of stimulation is required needs to be investigated in ~ pal lidipes. 

Females of the Nguruman strain of Q..:.. pa llidipes wi l l mate 

when they are 9 - 13 days o ld and high insemination rates can be 

achieved if they are kept with males (about 12 days of age) f o r a 

period of about 72 hours. Perhaps, mating in the laboratory s hould be 

carried out with females that are slightly younger (7-8-day-old 

females) so that a cy cle is not missed when mated at the time the 

first egg is already mature. Missing one cycle may seriously atfect a 

colony such as Q..:.. pallidipes since the maximum possible 

reprodu ct ive capacity of the mated females will not be realised. 

At the age of 7 - 8 days, the eggs would be in the developing stage. 

Probably, this may not be so with some other strains of 

~ pallidipes, but more work needs to be carried out to determine 

determine this. Ac cording to Obata ( 1988), "mating refusal" in the 

ladybird beetle wa s due to incomplete ovarian developmen t . 
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Barton-Browne~~ (1980) also reported that some females of 

the blowfly, Lucil i a cuprina whose ovarian development was 

greater than ave r age failed to ma te, whereas some with less than 

average ovarian development mated. In the field, the flies may not 

live f or very long t o realise their full reproductive potential; 

however, in the laborator y , it is necessary to have them reach the 

maximum possible reproductive potential especially for a fl y like 

~ pallidipes which is well noted for its low reproduction rate 

in t he laboratory (Jaenson, 1978b) . Though the females may be less 

willing to mate at the age of 7 days, keeping them with males for 

3 days when they would be 9 days old has been shown to result in 

high insemination rates. 

There are various other fac tors such as, group-mating or single 

mating, the lighting conditions in the mating room, the size of the 

cage and the length of time males and females are kept together, 

which could also affect the sexual aggressiveness and receptivity of 

males and females respectively in the laboratory. These factors cou l d 

cause high or low insemination rates depending on their suitability 

and this is a ref l ection of high or low receptiv ity in f emales or hig h 

sexual appetite in males. The results discussed in Chapte r 7 showed 

that some of these factors like cage size and length of time the flies 

were kept together were important, while others like the lighting 

conditions in the insectary were not necessary. The number of flies 

per cage could also affect receptivity, however, this factor was not 

examined in detail i n the present investigation. The effect of the 

size of cage was examined, though only two sizes of cages were 
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compa r ed; thi s showed that the small cage was more effective than the 

large cage. Various cage sizes should be compared in order t o 

conclusively de termi ne whether a bigger spa ce is needed by 

£:.. pallidipes fo r matin g. However, a small sized cage is usual ly 

preferable because it is easy to use for feeding tsetse. A sex 

ratio of 1 : 1 was used i n most of the present investigation, but it 

needs to be i nvestigated whether other sex ratios coul d be used t o get 

the same insemi nation ra t es obtained in a 1:1 ratio. 

The effec t of photoperiod (l D 12:12 and cont i nuous da r kness) on 

receptivity was also examined, though not in great detail. No 

significant difference was found between flies that had been kept in 

L D 12:12 or in continuous darkness. Future studies should also 

examine the effect of different light intensities on sexual 

receptivity. This is more so because of t he crepuscular nature of 

£:__ pallidipes, Willett (1953) . Van Etten (1982) reported that 

~ pallidipes from Nguruman, especially males were usually active 

in late aft e rnoon . 

Ma l es of §.:_ pallidipes did not usually pers i st when courting 

but pr eferred to st rike~ disap pear and come back (Chapter 8 ) . Very 

old males (over 40 days old) were not observed in this stud y but for 

~ass r earing and in order to fully understand their population 

dynamics, more e xperiments with old males would prove of value. 

It is however certain that males of §.:_ pallidipes though appearing 

l ess willing to court usually succeeded in mating if given the 

opportunity to r emain with females for a period of about 72 hours 

during group-mating. It is suggested that 'male coyness · develops 

in the case of si ngle matings. When a male is constantly rejected 
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it may become · shy · and refuse to strike. However , males may succeed 

with other females if given the opportunity which is provided by 

group-mating. Better results will probably be achieved with males 

from 14 days of age instead of the usual 12-day-old male . The use 

of 9-day-old males with success by Langley ( 1979) could be due to 

different behavioural mechanisms in different populations, or 

probably, due to the effect of the younger males being outweighed 

by the 12-day-old males. 

One reason among others given for the failure of some laboratory 

colonies of ~ pallidipes is the presence of the tsetse virus. 

Since this virus may be transmitted from mother to progeny, problems 

such as reduced insemin a tion rates, fecundity, life-span and s ex ratio 

distortion could result (Jaenson, 1986). 

What will probably be needed is to follow the development of 

mated females in a laboratory rearing facility to see whether they 

develop infections since Jaenson (1978c and 1986) had reported that 

virus-like particles occured i n hyperplastic salivary glands of field 

and laboratory bred ~ pallidipes, and that infected males were 

completely sterile, and females showed abnormal growth of the 

ovarioles. Different strategies would have to be planned and studied 

to take care of probable abortions in mated females. Experimental 

evidence of whether failure to obtain viable colonies of ~ pallidipes 

is due to virus infection has not been documented; this is an area for 

further studies. 
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For several years the Nguruman strain of ~ pallidipes has 

not yield ed to successful colonisation. Several workers , especially 

t hose at the ICIPE have tr ied to rea r this species unsuccessfully i n a 

small scale for ex per i me nta l purposes. This is apparent ly the very 

first time that a small scale rearing method has yielded reasonable 

numbers of flies for experimental pu r poses. The only modificati on to 

previous methods which yielded this successful result was the 

provision of feeding oppo rtunities every day except on Sunday and a l so 

patiently making s u re that most of the flies in a cage fed. It 

occasionally took about 30 minutes to feed a cage of flies. It would 

appear that with this species, a lot of patience and care are 

necessary fo r successful results compared with species such as 

~ morsitans. Any lax i t y will probably lead to the col l apse of 

the colony. The microclimatic cond iti ons i n the insec tary were also 

closely monitored so that the temperature never fluctuated wi dely and 

was al ways about 25 ° ~ 1°C: r el a t ive humi dit y varied between 75 - 80%. 

Very wide fluctuations were avoided at all times. From the results 

obtained in Cha pter s 6-8, it - i s sug ges ted that the Nguruman strai n 

of ~ pallidipes may not be very difficult to mass produce. 
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CHAPTER 18 

GENERAL CONCLUSIONS 

1. Some aspects of the mating behaviour of !h_ morsitans and 

!h_ pallidipes were investigated in the laboratory. 

2. The literature was reviewed and relevant studies were extensivel y 

quoted. 

(a) !h_ MORSITANS: 

3. There was a tendency of young females of ~ morsitans to re-mate 

soon after a first mating usually within a 24-hour period, after 

which recep tivity diminished r apidl y . 

4. The duration of copulation, de g ree of insemination of the 

spermathecae, male accessory gland secretion and haemolrmph of 

mated females did not determi ne a female ' s unwillingness to 

re-mate. 

5. Mechanical stimulation caused by vigorous movements during the 

' male jerking phase' however caused a significant decline in 

receptivity. 
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6. One mating was usually sufficient to provide the complement of 

sperm needed for larval production throughou t a female ' s l ife. 

The sperm comp l ement was usually not exhausted and theref ore 

females did not re-mate later in life to r eplenish it. The SIT 

will not be affected. 

7. Males did not lose their appetite f o r females nor did they fail 

to inseminate at very old age s (fa ilure to inseminate at o ld ages 

could only be due to sperm e xhaustion caused by repeated 

matings). However , the SIT will not be affected. 

( b) !h_ PALLIDIPES: 

8. In !h_ pallidipes, f e ma les were hi ghly r eceptive when 9- 13 days 

old and high receptivity coincided with maturity of the first 

egg . 

9. The duration_ of copulation was shor t overall, usually it took 

between 19 and 28 minutes . There was no significant difference 

between duration of copulation of female flies aged 6 to 18 days . 

10. The degree of insemination was high in females aged 6 - 13 but 

dropped at older ages. 

11. Females once mated rarel y re-mated immediately . 
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12. Ovulation occurred in virgin females but was not a common 

occur r ence un t il when they we r e very o l d (after 30 days of age ) . 

13. Generally, ovulation was accelera t ed by mat in g and within 2q 

hours, 60% of females that were over 8 days old had ovula t ed. 

1q. Group-mating gave better results than single-mating and very high 

inseminat i on rates were achieved . 

15. High insemination rates were also achieved when pairs were kept 

together for 72 hours rather than 2q hours. 

16. Use of small cages (standard PVC ICIPE Laboratory/holding cages) 

gave high insemination rates than large cages and had the added 

advantage of being easy to handle. 

17. There was no sign i ficant difference between pairs kept in 

continuous da r kness and those kept in a regime of L D 12:12 

for 72 hours. 

18. Male ~ pallidipes were less pe r sistent than those of 

~ morsitans in court in g females; however, aggressiveness 

and persistence i n ~ pallidipes increased wi t h age. 

19. Generally, male ~ pallidipes over 12 days of age were more 

acti ve and pe r sistent; persistence and aggressiveness we r e 

related to the development of the male accessory reproductive 

gland. 
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20. There was no significant difference between the degree of 

insemination in female §..:_ pallidipes mated to males that 

were 7 - 15 days old. 

21 . It is expected that in rearing §..:_ pallidipes the careful 

observation of these findings should lead to a measure of 

success. 
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APPENDIX 



Time 

APPENDIX 1 

REPLENISHMENT OF MALE ACCESSORY REPRODUCTIVE 
GLAND (ARG) IN ~ MORSITANS AFTER MATING 

(Hours) ARG Diameter 

Mean + 

Unmated (control) 0 .17 

0 0.12 

4 0 . 13 

24 0 . iq 

48 0.16 

72 0 . 17 

96 0 .17 

208 

(mm ) 

SD 

0.02 

0.01 

0.02 

0.02 

0.01 

0.02 

0.01 



APPENDIX 2 

EFFECT OF DURATION OF COPULATION ON RECEPTIVITY 

No. of times females 
were willing to mate 

Once 

Twice 

Total No of flies 

1 -2 

17(53.1%) 

15(46.9%) 

32 

209 

Duration of Copulation (Hours) 
2 - 3 3 - 4 )4 

23(62.2%) 23(67.6%) 9(69.2%) 

14(37.8%) 11(32.4%) 4(30.8%) 

37 34 13 



Duration 

APPENDIX 3 

EFFECT OF DURATION OF COPULATION ON RECEPTIVITY 

(FEMALES WERE GIVEN THE OPPORTUNIT Y TO MATE FOR 
50, 60 AND 80 MINUTES BEFORE SEPARATION) 

of No. of females and percentage willing 
Copulation as indicated 
(Minutes) 

Once % Twice 

50 6 1q 38 

60 2 9 20 

80 1 5 20 

210 

to mate 

% 

86 

91 

95 



MSV 

I 

II 

III 

IV 

v 

VI 

APPENDIX 4 

EFFECT OF A SECOND MATING ON THE 
DEGREE OF INSEMINATION 

( REMATING WAS WITH 7-10-DAY OLD MALES) 

No. of % No. of % No. of 
females females females 
inseminated inseminated inseminated 
when mated when mated when mated 
once twice twice 

(immediately (24 hours 
after the after) 
first) 

3 3 2 3 0 

0 0 3 5 0 

3 3 12 18 0 

3 3 15 23 0 

61 63 27 41 11 

27 28 7 11 21 

97 66 32 

211 

% 

0 

0 

0 

0 

34 

66 



MSV 

I 

II 

III 

IV 

v 

VI 

APPENDIX 5 

EFFECT OF SECOND MATING ON THE 
DEGREE OF INSEMINATION 

( 3-DAY OLD H WERE MATED WITH 3-DAY OLDi t ) 
( TWICE MATED FEMALES WERE REMATED WITH 7-10 DAY OLD MALES) 

No. of females 
inseminated when 
mated once 

18 

1 

12 

12 

3 

2 

48 

212 

38 

2 

25 

25 

6 

No. of females 
inseminated when 
mated twice 

1 

0 

2 

0 

3 

18 

24 

0 

8 

0 

13 

75 



MSV 

I 

II 

II I 

IV 

v 

VI 

APPENDIX 6 

EFFECT OF DEGREE OF INSEMINATION 
ON RECEP TI VITY 

(5- 10 DAY OLD MALES WERE MATED WITH 
3-DAY OLD FEMALES) 

No. of females 
willing to mate 
once 

No . of females 
willing to mate 
twice 

0 0 1 

0 0 0 

3 4 3 

1 1 1 

63 85 49 

7 10 4 

74 58 

% 

2 

0 

2 

84 

7 



AGE(DAYS) 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

APPEND I X 7 

OVARIAN DEVELOPMENT OF OVARIOLE A1 IN FEMALE 
!h_ PALLIDIPES 

LENGTH OF OVARIOLE(MM) 
MEAN r 
0.52 

0.56 

0.62 

0.74 

0.98 

1.21 
1.47 

1.29 

1.52 

1.62 

1.66 

1.63 

1.64 

1.62 

1.68 

n = 15 for each age 
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SE 

0.01 

0.03 

0.06 

0.04 

0.06 

0.10 
0.07 

0.11 

0.07 

0.02 

0.03 

0.02 

0.02 

0.02 

0.03 



AGECD AYS) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

APPENDIX 8 

OVARIAN DEVELOPMENT OF OVARIOLE C, IN 
FEMALE !h_ PALLIDIPES 

LENGTH OF OVARIOLE(MM) 
MEAN + 

0.21 

0 . 23 

0.25 

0.23 

0.28 

0.32 

0.38 

0. 36 

0 . 43 

0.49 

0.53 

0.57 

0.62 

0 . 70 

0.69 

n = 15 for each ag e gr oup 
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SE 

0 . 06 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.01 

0.03 

0.03 

0.03 

0.10 

0.05 



AGE(DAYS) 

1 

2 

3 

q 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

APPENDIX 9 

DE VELOPMENT OF ACCESSORY REPRODUCTIVE GLAND (ARG) 
IN MALE ~ PALLIDIPES 

DI AMETER OF ARG (MM) 

MEAN ± 

0.09 

0.09 

0.11 

0.11 

0.11 

0 . 12 

0 .13 

0 . 1.11 

0.15 

0.16 

0 .17 

0.16 

0 . 17 

0.17 

0.16 

n = 15 for each age group 
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SE 

0.003 

0 . 004 

0.00.11 

0.004 

0.004 

0.006 

0 . 006 

0.008 

0.005 

0 . 004 

0.005 

0.004 

0.005 

0.005 

0.005 



APPENDIX 10 

REPLENISHMENT OF MALE ACCESSORY 
REPRODUCTIVE GLAND CARG) IN ~ MORSITANS 

s.v 

Diameter of 
ARG 

Error 

Total 

TABLE OF ANALYSIS OF VARIANCE 

df SS MS 

6 0 . 02717 0.004'528 

63 0.01518 0.000.:u3 

69 0.0423'5 

**Significan t at the 0.01 probability level. 

217 

F 

10 . 97 ** 



sv 

Ag e gl'"oups 

El'"l'"OI'" 

Total 

APPENDIX 11 

ANOVA TABLE FOR THE INSEMINATING ABILITY 
OF MALES OF !b_ MORSITANS AT VARIOUS AGES 

df SS MS 

6 1.36 0.2267 

154 12 . 82 0 . 0832 

160 14.18 

(F = 2.72, P<0.0S) 

- . * Significant at the 0.05 pl'"obabili{y level. 

218 

F 

2.72 * 



sv 

APPENDIX 12 

ANOVA OF MEAN DURATION OF COPULATION OF 
~ PALLIDIPES AT VARIOUS AGES 

df SS MS F 

Age classes 2 47.522 23 .761 0. 52 NS 

Errol'" 52 2359.460 45.374 

Total 54 2406.982 

(F = 0. 52, P>0.05) 

NS Not significant 

219 



sv 

APPENDIX 13 

ANOVA TABLE FOR THE INSEMINATING ABILITY OF 
MALE ~ PALLIDIPES AT VARIOUS AGES 

df SS MS F 

Age groups 3 0.441 0 .147 1.26 

El'"l'"OI'" 77 8.904 0.116 

Total 80 9.345 

(F = 1.26, P>0.05) 

NS Not significant 

220 

NS 



APPENDIX 14 

Formula for the d-test 

x, JC2. 

d = 
( 52: 

I 
51 
' ( + 

(n I n1 ) 

d = standardised normal deviate 

(R E Parker (1979) 
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B 

B 

Total 

APPENDIX 15 

Formula for y.1 using Yates Cor-rection 
for 2 x 2 contigency table with df = 1 

A 

a 

c 

(a + c) 

= 

A 

b 

d 

(b + d) 

,, 
n(ad-bc) 

Total 

(a + b} 

(c + d) 

(a + b + c + d) = n 

(a+c)(c+d)(a+b)(c+d) 

With Ya tes corre ction for continuity: 

n 4ad-bcf-112n )'1. 

~'J.. corr. = 
(a+c)(b+d}(a+b)(c+d) 

(After Parker, 1979) 
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APPENDIX 16 

Multiple range test (after Parker, 1979) 

Q = obtained from tables 

Having arranged the treatment means in order 
of magnitude, we test the difference between 
the largest and smallest against the shortest 
significant ranges (SSR) for k treatments. 
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APPENDIX 17 

SPEARMAN RANK CORRELATION COEFFICIENT 
(AFTER LAPIN, 1980) 

= 1 

224 

6 ~ (x 
~ 

- y) 

n(n - 1) 


