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ABSTRACT 

The sex pheromone system of Stegobium paniceum (L . ) was studied in the 

laboratory by means of l i v e female assay experiments as well as extract ion 

of the pheromone from females using solvent and v o l a t i l i s a t i o n techniques. 

Female beetles were shown to a t t rac t only males, which were themselves 

a t t r a c t i v e to neither sex. 

Female Stegobium were capable of control led pheromone emission even 

when body content leve ls were high. Newly eclosed females contained small 

quant i t ies of pheromone which reached maximum leve ls in 6 to 9-day-old i n s e c t s . 

Very l i t t l e emission occurred unt i l females were 2 .5 -3 .5 days o l d , a f t e r 

which maximum emission rates were reached rapidly between days 3 and k, the 

age at which the f i r s t mature oocytes were found in the calyx of female 

ova r i e s . 

A se r ies of d i lu t ions of solvent pheromone ext racts were bioassayed with 

males and a theoret ica l minimum threshold level of response extrapolated to 

0.0004 female equiva lents . 

By comparison with a "wi ld" s t ra in of Stegobium i t was suggested that 

mass rearing over a long period increased male s e n s i t i v i t y to the pheromone 

but lengthened the period necessary to reach maximum response leve ls a f t e r 

adult emergence. 

Mating s l i g h t l y reduced female pheromone content, but pheromone emission 

f luctuated markedly a f t e r mating for reasons not f u l l y understood. 

The number of eggs la id per female increased from about 1.5 to over kO 

i f copulation occurred. Male presence during oviposi t ion increased the 

percentage of females producing eggs but decreased the number of eggs la id 

per female of those lay ing. This r e f l e c t s decreased f e r t i l i t y of females 

with age. 

The antennal s e n s i l l a of Steqobium were surveyed by means of l ight and 

scanning electron microscopy. The main types present were t r i cho idea , 



b a s i c o n i c a , c h a e t i c a and c o e l o c o n i c a , and t h e r e was no a p p a r e n t sexua l 

d i m o r p h i s m o f s e n s i l l a numbers o r d i s t r i b u t i o n . Male an tennec tomy c o m p l e t e l y 

i n h i b i t e d sex pheromone response and p r o g r e s s i v e removal o f c l u b segments 

i n c r e a s i n g l y d i m i n i s h e d male response i n t e n s i t y . 

Addendum 

For "sex a t t r a c t a n t " , read "sex pheromone" throughout t h i s 

t h e s i s . 
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I. INTRODUCTION 

A. Pheromones: a br ief survey of the i r occurrence and d i v e r s i t y 

Insects employ diverse methods of i n t r a s p e c i f i c communication as do most 

animals groups, but the use of chemical compounds for th is purpose is 

probably exploited more ex tens ive ly , and for a greater var ie ty of functions 

in insects than any other group. 

The term "pheromone" is derived from the Greek, pherei n (= to t ransfer ) 

and horman (= to exc i te ) and was f i r s t introduced by Karlson and Liischer 

(1959). I t was c r i t i c i z e d by Kirschenblat t (1962) as being etymologically 

imprecise; he had previously suggested the term "telergone" from the Greek, 

t e l e (= a far ) and ergon (= act ion) in 1958 to embrace these chemical messenger 

substances. Micklem (1959) introduced a third v a r i a t i o n , "pherormone" in 

c r i t i c i s m of Karlson and Luscher 's or ig ina l term. However, "pheromone" soon 

became so widely used and accepted that the reasons for changing seemed 

unimportant. 

Karlson and Luscher (1959) defined pheromones as "substances which are 

secreted to the outside of an individual and received by a second individual 

of the same spec ies , in which they re lease a s p e c i f i c react ion, for example, 

a de f in i te behaviour or developmental process". 

Pheromones are conveniently divided into primers and re leasers (Wilson, 

1963). The former i n i t i a t e permanent physiological changes in the recipient 

(eg. c a s t e - d i f f e r e n t i a t i o n pheromones) and the l a t t e r t r igger the nervous 

system to give a temporary, immediate reaction (eg. alarm pheromones in f i s h ) . 

Most research on pheromones has so far concentrated upon two main groups 

within the animal kingdom, insects and mammals. However, recent research 

has suggested that pheromones are present in a far wider range of groups. 

Amongst the inver tebrates, excluding i n s e c t s , examples of pheromones have 

been reported in a marine hydrozoan (Mi l le r , 1972) and the per iwinkle , 

L i t t o r i n a l i t to rea L. (Dinter and Manos, 1972). Within the ver tebrates , 

?OCTV!75 
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rodents have received most attention (Bronson, 1971; Stoddart, 197*0 together 
with primates (Epple, 197*0 including man (Comfort, 1971. 197*0. Pheromones 
play an important part in the schooling cohesion of f i s h , and the i r alarm 
reactions ( P f e i f f e r , 1963, 197*M Thines and Vandenbussche, 1966). A 
pheromone-media ted f r ight reaction in Bufo bufo L. tadpoles has been 
demonstrated and the substance extracted from the i r skin (Kulzer , 195*0. I f 
the pheromone i s added to water containing tadpoles, they show a normal 
f r ight reaction and descend immediately. 

Between insects and mammals, there are many functional homologies in 

pheromone communication, e s p e c i a l l y in terms of soc ia l s t ructure and organisa

t i o n . Small mammals are noted for the i r use in soc ia l hierarchy maintenance 

and t e r r i t o r i a l marking ( R a l l s , 1971). Rabbits provide a good example of both 

these functions where spec ia l i sed submandibular and anal glands produce the 

odours (Mykytowyc, 197*0. C h a r a c t e r i s t i c group odours are important in 

communal breeding or rest ing areas in some mammals (Mill 1 ler-Schwarze, 197*0: 

urine as well as the secret ions from spec ia l i sed glands are used for th is 

purpose. Individual odours enable recognition between breeding p a i r s , or 

in mother-offspring re la t ionships; for example, laboratory rats k i l l the i r 

o f fspr ing i f the i r odour i s disguised or masked (Meyer, 1964). 

In primates, odours are produced in the ur ine or in genital secret ions 

and non-sweat-producing apocrine glands associated with hair t u f t s . These 

pheromones are widely used as sexual re leasers in primates, including man, 

although behaviour patterns have become less obvious because a greater 

var ie ty of complex s ignals are incorporated into sexual behaviour. However, 

pheromone re leasers are thought to promote male-female a t t rac t ion in primates 

and to synchronise copulation with ovulat ion. 

Insect pheromones perform a wider var ie ty of functions than those 

recognised in mammals. C l a s s i f i c a t i o n according to function i s probably the 

most informative and widely accepted system, which i s adapted here from that 

compiled by Butler (1967). 
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Trai1-marking pheromones are normally considered to be t e r r e s t r i a l , 

but a e r i a l t r a i l s are sometimes included in th is category. T e r r e s t r i a l t r a i l s 

are u t i l i s e d by many Hymenoptera and Isoptera . They are la id by successful 

foragers returning to the nest and cont inual ly reinforced by other workers 

using the t r a i l to the food source. A mixture of terpenoids is produced by 

the Nassanoff gland of honey-bee workers, and i s used by foragers to secure 

recru i ts for food co l l ec t ion from a f r u i t f u l source (Butler and Calam, 1969). 

Army ants co-ordinate emigration by means of trai1-marking pheromones 

(Watkins, 196*0. 

Alarm pheromones, l i ke t r a i l markers, are used commonly among socia l 

i n s e c t s . Dif ferences in interpretat ion of the message by the rec ip ients 

have been shown to be dependent upon the concentration of the pheromone 

emitted (Blum, 197*0. The same pheromone is thought to have the following 

functions: recruitment stimulation in the event of damage or intrusion to 

the nest; a t t rac t ion of workers to prey; recognition marks to label intruders; 

and disarming stimuli when raiding other coloni.es. In the l a t te r case , 

release of the alarm pheromone can destroy cohesion of the host spec ies . This 

m u l t i p l i c i t y of functions has been demonstrated in many hymenopterous species 

(Regnier and Wilson, 1968; Blum, 1969; Ayre and Blum, 1971). 

Cas te -d i f fe ren t ia t ion pheromones are primers which influence both the 

physiology and behaviour of soc ia l i n s e c t s . In the honey-bee, Apis mel l i fe ra 

L. , the queen pheromone regulates the worker-queen re la t ionsh ip , the nature of 

which is best observed when the queen i s removed from a nest . General 

a c t i v i t y of the workers i s increased within the colony, workers become 

agitated and they increase the i r ' fanning' a c t i v i t y which vent i l a tes the nest . 

Eventual ly queen c e l l s are constructed in order to produce a new queen. The 

presence of the queen inh ib i ts worker oogenesis (Gary, 1970 • - ) . Olfactory 

markers, or surface pheromones aid the iden t i f i ca t ion of castes within insect 

colonies (Wilson, 1965) and are usual ly absorbed into the wax layer of the 

cuti c l e . 

http://coloni.es
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Primer pheromones contro l l ing development and sexual maturation are 

found in some Orthoptera (Loher, 1958). The presence of mature male 

Schistocerca gregaria Forskal in crowded conditions accelerates maturation of 

immature indiv iduals of both sexes, thus synchronising breeding within the 

group. 

Aggregation pheromones are usual ly produced by one sex to assemble 

insects of both sexes to a feeding or breeding s i t e . They are commonly found 

in sco ly t id beetle species where the a t t ractant helps to co-ordinate a mass 

attack necessary to overcome the res is tance of a host tree in which they 

subsequently breed (Borden, 197^). In s c o l y t i d s , the i n i t i a l insect -host 

re la t ionship t r iggers pheromone production and re lease , and i t i s thought that 

in some c a s e s , a precursor from the host tree must be ingested before the 

pheromone can be synthesised (Wood, Browns S i l v e r s t e i n and Rodin, 1966). 

Later work has implicated possible hormonal control in i n i t i a t i n g pheromone 

production (Borden, Nair and S l a t e r , 1969). 

Finger (Bar Man) , Stanic and Shulov (1965) demonstrated an aggregating 

pheromone in the khapra beet le , Trogoderma granarium E v e r t s . The female 

produced the a t t r a c t a n t , resul t ing in aggregation of both sexes around the 

odour source. Yinon and Shulov (1967a, b) la ter found that the male of th is 

species a lso produces a pheromone to which both sexes are a t t rac ted . The 

function of th is rather complex system of a t t rac tants i s thought to be 

aggregation of both sexes for mating, although the Trogoderma pheromone has 

a lso been found to repel some species of stored-product Coleoptera (Yinon 

and Shulov, 1969). 

The pheromone of the boll weevil Anthonomus grandis Bohemann has both 

aggregating propert ies and sex a t t ractant c h a r a c t e r i s t i c s (Tumlinson, Hardee, 

Minyard, Thompson, Gast and Hedin, 1968). In the spring and autumn, both 

sexes are at t racted to male infested cotton b o l l s , and in summer, only females 

are at t racted to males for mating. 

This thes is i s pr imari ly concerned with a group of a t t rac tants known as 



5 

sex pheromones. Jacobson (1972) suggests that "A chemical i s probably a 
sex a t t ractant i f i t brings to i t an i n s e c t , which then assumes a mating 
posi t ion or attempts to mate with the chemical or with an object on which 
the chemical has been p laced" . Sex pheromones are produced by spec ia l i sed 
glands in e i ther sex and are d i s t i n c t from aggregation pheromones in that 
they a t t r a c t only the opposite sex. They normally function as a mechanism 
by which copulation i s achieved at a time optimum for maximum reproductive 
potential and success . Like most of the pheromones described above, sex 
a t t rac tan ts are often e f f e c t i v e at extremely low concentrat ions. Depending 
upon the output of the a t t ractant source and prevalent a i r cur rents , a 
responding insect might or ientate over a considerable d is tance . This system 
i s probably essent ia l for sexual encounters between highly mobile insects 
and/or those occurring at low densi ty . 

Aphrodis iacs, which are very c lose range st imulants , are dist inguished 

from sex pheromones in that the former are produced by e i ther sex only a f t e r 

both sexes have been brought together by chemical or other means. At t ract ion 

and copulat ion, whi lst appearing to be a s ingle operat ion, might thus be the 

resul t of two separate chemical processes. 

Insect pheromones in general , the i r occurrence and functional d i v e r s i t y 

have been reviewed by: Karl son and Butenandt (1959); Karl son (1960); Inoue 

and Ohno (1961); Jacobson and Beroza (1964); Butler (1967); Regnier and Law 

(1968); Bruce (1970); Law and Regnier (1971); Callow (1972) and Birch (1974) 

amongst many others . 

Insect sex pheromones as a sub-group have been reviewed by: Butler (1964); 

Jacobson (1965, 1966, 1972); Moore (1965, 1967); Muto (1968); Shorey, Gaston 

and Jefferson (1968); Warren (1969); Bosman (1970); De (1970); E i t e r (1970) 

and Beroza (1971). Sex pheromones pertaining s p e c i f i c a l l y to Coleoptera have 

been reviewed by authors including; Atkins (1968); Burkholder (1970); 

S i l v e r s t e i n (1970); Tumlinson, Gueldner, Hardee, Thompson, Hedin and Minyard 

(1970) and Wood (1970). 
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B. Introduction to the present work on the sex pheromone of Stegobium 
paniceum ( L . ) 

The i n i t i a l aim of the present study was to determine whether a 

pheromone communication system was employed by Stegobiurn. This had not been 

reported prev ious ly , although a c l o s e l y related anobi id , the c igare t te beet le , 

Lasioderma serr icorne (F . ) was shown by Cof fe l t and Burkholder (1972) to 

u t i l i s e a sex pheromone for f a c i l i t a t i n g male location of females for mating. 

A para l l e l study on Stegobi urn was therefore considered worthwhile, and indeed, 

a female-produced sex pheromone, which at t racted only males of the s p e c i e s , 

was discovered. 

Further work on Stegobium was directed towards invest igat ing the 

integrat ion of the at t ractant with the reproductive biology of the s p e c i e s , 

and the advantages conferred by such a communication system. The role of 

the pheromone in the general biology of the s p e c i e s , and the way in which 

i t a f fected the behaviour of the recipient was the major in terest in th is 

research, al lowing some speculation upon the importance of the pheromone to 

the surv iva l of the species under natural condi t ions. 

Factors a f fec t ing pheromone communication such as age, mating status 

and pheromone concentration were studied in order to appreciate the timing 

of events and general operation of the sex pheromone system, and to build 

up background knowledge upon which further work could be based. This 

information was achieved by means of assay experiments using l i v e females 

and diethyl ether solvent e x t r a c t s , which were complemented by a v o l a t i l i s a t i o n 

technique of pheromone c o l l e c t i o n . 

Chemical a n a l y s i s and ident i f i ca t ion of the pheromone was not attempted 

in the present study. Not only would th is demand a great deal of time, and 

s p e c i a l i s e d knowledge and equipment, but for the purposes of th is work, 

assay of crude ext racts of the pheromone was s a t i s f a c t o r y , and gave repeatable 

r e s u l t s . 

In order to supplement the basic invest igat ion outl ined above, a study 
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of the timing of female ovary maturation using d issect ion and h is to log ica l 

techniques was carr ied out. The degree of synchrony of pheromone production 

and emission with reproductive maturity was thereby invest igated. Oviposit ion 

was monitored under cer ta in conditions with re lat ion to the importance of 

mult iple mating in th is species (Section V I I ) . 

A br ief survey of male antennal s e n s i l l a was undertaken in conjunction 

with a short s e r i e s of antennectomy experiments, with the purpose of re la t ing 

numbers and d is t r ibu t ion of possible chemoreceptive s e n s i l l a to pheromone 

perception (Section V I I I ) . Although somewhat s u p e r f i c i a l , th is part of the 

research was of value in placing Stegobi urn in the general context of sex 

pheromone producing insect spec ies . 

As exemplified below, in studying laboratory reared i n s e c t s , i t i s 

essent ia l to be aware of any di f ferences which may have developed as a resul t 

of laboratory rearing conditions in comparison with "wi ld" i n s e c t s , 

p a r t i c u l a r l y i f eventual appl icat ion of the resu l ts to a natural s i tuat ion i s 

an t ic ipa ted . In Section V of th is t h e s i s , the pheromone content of females 

of a "wi ld" s t r a i n of Stegobiurn is compared with that of laboratory reared 

i n s e c t s , as i s male responsiveness of the two s t r a i n s . 

Stegobiurn i s a stored-products pest of world-wide d i s t r i b u t i o n . Any 

study re la t ing to a possible non- insect ic ida 1 control mechanism for such a 

species i s of considerable economic importance as well as biological i n t e r e s t . 

However, before control measures can be developed and implemented ( involving 

great expense), a good working knowledge of the general biology and behaviour 

of the species must be a t ta ined. 

Mi l l ions of do l la rs have been spent in the United States on the gypsy 

moth (Porthetr ia (Lymantria) dispar ( L . ) ) control programme. A sex pheromone 

in th is species was i s o l a t e d , ident i f ied and synthesised ( B i e r l , Beroza and 

C o l l i e r , 1970), and then used for f i e l d test ing and attempted disruption of 

chemical communication between the sexes , with a small degree of success . 

Only f a i r l y recent ly , Richerson and Cameron (1973) have demonstrated s i g n i f i c a n t 
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di f ferences in pheromone emission, diurnal rhythmicity and male responsiveness 

in "wi ld" and laboratory reared s t r a i n s : a l l prel iminary test ing had previously 

employed laboratory reared insects with d i rec t appl icat ion to "wi ld" moths. 

This example demonstrates the need for a good understanding of the biology 

of an insect pest species before e f f e c t i v e control measures can be r e l i a b l y 

implemented. I t i s towards th is end that the present research is d i rec ted . 
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I I . GENERAL MATERIALS AND METHODS 

A. Rearing room and cul ture techniques 

The Stegobiurn cul tures were maintained, and most experimental work 

performed, in a constant temperature room of dimensions 3.05 x 2.7k x 2.59 m. 

This room was kept at 30 + 1°C by a thermostat ical ly control led e l e c t r i c fan 

heater, and at 75 + 2% r . h . by means of a large fan blowing over an open tank 

of heated water fed from a 10-gallon r e s e r v o i r . Humidity was control led by 

a horse-hai r hygrometer which operated the water heater. A continuous record 

of temperature and humidity was obtained with an appropriately placed Caseda 

thermohygrograph. A central c e i l i n g l ight and time switch gave a 12 h 

photoperiod s ta r t ing at 09.00 h d a i l y . 

No insect cul tures other than Stegobi urn were allowed into the room, 

although mites and psocids presented a pest problem at times as outl ined below. 

Although experiments were performed in the presence of an inev i tab le 

'background 1 of sex pheromone from the stock c u l t u r e s , repeatable resu l ts 

were obtained in a varied se r ies of experiments, and the interference factor-

was therefore considered constant. 

The laboratory s t ra in of Steqobiurn paniceum was supplied by the Pest 

Infestat ion Control Laboratory, Slough, Bucks. Records of the place of 

or ig in are not ava i l ab le since they have been in cul ture for many years . 

A "wi ld" s t r a i n of th is species was obtained following a request to the 

Ministry of Agr icu l tu re , F isher ies and Food, Newcastle upon Tyne, from an 

Infestat ion Control Laboratory in Wolverhampton. Steqobiurn had been found 

infest ing a bread bakery, breeding in old dough and bread residues under 

dough mixers and bread coo le rs . They were associated with broad horned f lour 

bee t les , Gnathocerus cornutus (Fab.) and spider bee t les , Gibbium psy l lo ides 

(Czemp.). The loca l ised conditions outside the machinery were 26°C and k0% r .h . 

Approximately 50 adults were isolated from the samples and taken into laboratory 

c u l t u r e , the i r treatment being ident ica l to that of the laboratory s t r a i n . 
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Mixing of the two s t r a i n s was s t r i c t l y prevented and the " w i l d " s t r a i n was 

l e f t f o r about f i v e g e n e r a t i o n s to a d j u s t to the new environmental c o n d i t i o n s 

and to b u i l d up numbers to the l e v e l n e c e s s a r y f o r e x p e r i m e n t a t i o n . 

The Stegobium c u l t u r e medium comprised wheat ings ( f i n e m i l l e d wheat) 

mixed w i t h 10% y e a s t as recommended by the P . I . C . L . The y e a s t was prov ided 

a s a s o u r c e of v i t a m i n B, which has been shown to a c c e l e r a t e l a r v a l growth 

in Stegobiurn (Azab, 19^3) . B a k e r ' s y e a s t was used in Stegob? urn c u l t u r e 

medium s i n c e t h i s was e a s i l y o b t a i n a b l e in b u l k , a l though b r e w e r ' s y e a s t 

was used in the mass r e a r i n g medium of the g r a i n b e e t l e , O r y z a e p h i l u s 

sur inamensi s ( L . ) , (A rbogas t , Roppel and C a r t h o n , 1972) ; Trogoderma inc lusum 

LeConte and T . v a r i a b i 1 e B a l l ion (Brower and T i l t o n , 1972) and the c i g a r e t t e 

b e e t l e , Lasioderma s e r r i c o r n e (Tobin and S m i t h , 197T ) . The wheat was s i e v e d 

through a 1.27 mm mesh, r e t a i n i n g o n l y the f i n e r f r a c t i o n , which was then 

s t e r i l i s e d by h e a t i n g to 60°C f o r a t l e a s t two h o u r s . Mi tes and most o t h e r 

macro-organi sms a r e k i l l e d a t t h i s tempera ture , wi thout the na ture of the 

food m a t e r i a l being a l t e r e d . When c o o l e d , 200 g a l i q u o t s of wheat , thoroughly 

mixed w i t h 20 g of f i n e l y crumbled y e a s t were poured in to a two l i t r e " k i l n e r " 

j a r and a medical w iper t i s s u e was added to i n c r e a s e the s u r f a c e a r e a f o r 

a d u l t b e e t l e s . The open screw top was a p p l i e d over a 9.0 cm Whatman 29 

b l a c k f i l t e r paper d i s c and screwed down, a l l o w i n g v e n t i l a t i o n f o r the c u l t u r e 

and e a s y r e c o g n i t i o n of mi te o r o t h e r i n f e s t a t i o n . 

In o r d e r to make a l l developmental s t a g e s of the b e e t l e s a v a i l a b l e a t 

any t i m e , a system of mass breeding was in t roduced based on the breeding c y c l e 

o f the s p e c i e s ( Y i n o n , 1968) . As Stegobiurn deve lops from egg to a d u l t in 

approx imate ly kO days ( L e f k o v i t c h , 1967) under t h e s e c o n d i t i o n s , s i x s e t s 

of four c u l t u r e s were main ta ined in s e r i e s , a new s e t of four being in t roduced 

a t weekly i n t e r v a l s . A l l s t a g e s of the b e e t l e were thus a v a i l a b l e w i t h a t 

most th ree o r four days to w a i t , the system i n v o l v i n g o n l y one o r two hours 

work e v e r y week. A d u l t s were s e l e c t e d from a c u l t u r e in which young b e e t l e s 

were emerging and were removed from the s i d e s of the j a r and t i s s u e by means 



of an a s p i r a t o r . About 500 i n d i v i d u a l s were in t roduced i n t o a new c u l t u r e 

j a r which had p r e v i o u s l y been l e f t to e q u i l i b r a t e in the i n s e c t a r y f o r a t 

l e a s t 2k h . 

M i t e s , i d e n t i f i e d a s Tyrophagus s p . i n f e s t e d the c u l t u r e s d e s p i t e the 

p r e c a u t i o n of s t e r i l i s i n g the food medium and s t a n d i n g a l l c u l t u r e j a r s a t 

l e a s t 10 cm a p a r t in a 1 cm depth of l i q u i d p a r a f f i n . They a r e thought to 

have en te red the i n s e c t a r y , where c o n d i t i o n s would be h i g h l y f a v o u r a b l e to 

t h e i r s u r v i v a l , and f a l l e n from the c e i l i n g and w a l l s on to the c u l t u r e s . 

Al though they were not d i r e c t l y harmful to the b e e t l e s , the mi tes d id 

e v e n t u a l l y p resent an i r r i t a t i n g problem of hygiene and they were f i n a l l y 

e l i m i n a t e d by adopt ing the procedure d e s c r i b e d below. Chemical a c a r i c i d e s , 

a l though p h y s i o l o g i c a l l y harmless to Co leop te ra ( S t r o n g , P i e p e r and S b u r , 

1959) were avoided in c a s e they i n t e r f e r e d in any way w i t h the b e e t l e 

o l f a c t o r y responses dur ing e x p e r i m e n t s . Once the mi tes were e s t a b l i s h e d 

i n the c u l t u r e s , a d u l t b e e t l e s intended fo r new c u l t u r e s were c l e a r l y 

c a r r y i n g mi tes w i t h them from i n f e s t e d c u l t u r e s . By keeping these i n s e c t s 

f o r about 15 min in a smal l g l a s s tube (which they h a l f f i l l e d ) i t was found 

t h a t the i n t e n s e a c t i v i t y o f the b e e t l e s r e s u l t e d in mechanica l damage and 

c r u s h i n g of the m i t e s , w i t h o n l y a smal l percentage m o r t a l i t y of the b e e t l e s . 

The mi tes were e v e n t u a l l y e l i m i n a t e d and r e p l a c e d by a psocopteran which 

has never been comple te ly e r a d i c a t e d . The above procedure has kept i t s 

d e n s i t y to an a c c e p t a b l e l e v e l . 

B. Rear ing exper imenta l i n s e c t s 

For the m a j o r i t y of the exper imenta l work in t h i s s t u d y , i t was n e c e s s a r y 

to keep the sexes a p a r t . As Stegobiurn can o n l y be sexed w i t h a c c u r a c y dur ing 

the pupal s tage ( H a l s t e a d , 1963) pupae were removed from the c u l t u r e s a t 

the a p p r o p r i a t e t ime . Some l a r v a e c o n s t r u c t cocoons a g a i n s t the s i d e s of 

the g l a s s j a r and the development o f these i n d i v i d u a l s could e a s i l y be 

o b s e r v e d . S i n c e the l i f e c y c l e i s s h o r t under the imposed c o n d i t i o n s , 

development i s f a i r l y c l o s e l y s y n c h r o n i s e d , and f o r maximum y i e l d of pupae, 
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c u l t u r e j a r s cou ld be s e l e c t e d a t the optimum t i m e . 

The wheat was s i e v e d in smal l q u a n t i t i e s through a 2.5k mm mesh to r e t a i n 

the pupal c o c o o n s . I f t h i s was c a r e f u l l y done, few cocoons ruptured and 

the m a j o r i t y of the loose food m a t e r i a l passed th rough . Pupae which had been 

shaken out of t h e i r cocoons had a v e r y low s u r v i v a l r a t e a s a r e s u l t o f 

dehydra t ion caused by c u t i c l e damage, so t h e s e were not r e c o v e r e d . I n s e c t 

pupae a r e ex t remely v u l n e r a b l e to mechanica l damage a s a r e s u l t of hand l ing 

(Ryan and Nathanson, 1968) and a b n o r m a l i t i e s in Stegobiurn adu1ts o f t e n 

r e s u l t e d even i f the pupae s u r v i v e d h a n d l i n g . 

Cocoons, i n ba tches of about 100 were p l a c e d i n a p e t r i d i s h under a 

X10 b i n o c u l a r m i c r o s c o p e . F i n e f o r c e p s were used v e r y c a r e f u l l y to break 

open the cocoon and l i f t out the c o n t e n t s . L a r v a e and a d u l t s were put a s i d e 

and l a t e r re turned to s tock c u l t u r e s . The sex of the pupae was immediate ly 

determined a c c o r d i n g to the d i f f e r e n c e in s i z e of the g e n i t a l p a p i l l a e 

( H a l s t e a d , 1963) . The pupae were then p l a c e d in f i l t e r paper l i n e d p e t r i 

d i s h e s , the sexes be ing kept in s e p a r a t e d i s h e s . When about 200 pupae of 

each sex had been c o l l e c t e d in t h i s way, the l i d , w i t h a smal l p i e c e of 

dampened f i l t e r paper a d h e r i n g to i t , was r e p l a c e d and the pupae re turned to 

the i n s e c t a r y . During the p r e - e c l o s i o n p e r i o d , the l i d was s l i g h t l y 

moistened each morning to ma in ta in a h igh h u m i d i t y , which was f o r t u i t o u s l y 

found to i n c r e a s e the s u r v i v a l r a t e . Presumably the cocoon p r o v i d e s and 

m a i n t a i n s a h igh humidi ty f o r the deve lop ing pupa, a s w e l l a s p r o t e c t i o n , 

under n a t u r a l c o n d i t i o n s . E x c e s s m o i s t u r e , however, could not be t o l e r a t e d 

by the pupae. 

I n s p e c t i o n s of the pupae were made a t 2k h i r i t e r v a l s . Newly e c l o s e d 

a d u l t s whose e l y t r a had darkened to the same e x t e n t a s the thorax (which 

darkens e a r l i e r ) were c o n s i d e r e d 1 day o l d and removed from the d i s h e s . 

C a l l o w a d u l t s were thus c l a s s i f i e d as 0 days o l d and l e f t f o r a f u r t h e r 2k h. 

T h i s c l a s s i f i c a t i o n of i n s e c t age proved s a t i s f a c t o r y s i n c e the 0 - and 1-day 

s t a g e s a r e c l e a r l y d i s t i n c t and c o n v e n i e n t l y s e p a r a t e d by about 2k h. In 
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t h i s way, u n n e c e s s a r y damage to c a l l o w a d u l t s was a v o i d e d . Being v i r t u a l l y 

i n a c t i v e , they were not u s u a l l y requ i red f o r e x p e r i m e n t a t i o n . As g r e a t e r 

a c c u r a c y was r e q u i r e d f o r some e x p e r i m e n t s , in t h e s e c a s e s 1 -day-o ld a d u l t s 

were removed a t 09 .00 h and 21.00 h each day . A l l v i s i b l y damaged i n s e c t s 

were d? sea rded. 

With r e s p e c t to the above system of i n s e c t age c l a s s i f i c a t i o n , i t i s 

important to bear i n mind that the e c l o s e d a d u l t would normal ly spend a 

k-5 day per iod in the cocoon . T h u s , a k to 5 - d a y - o l d i n s e c t ( a c c o r d i n g to 

t h i s system) wou ld , in a n a t u r a l s i t u a t i o n , be e x p e r i e n c i n g i t s f i r s t day 

out of the cocoon. 

O n e - d a y - o l d a d u l t s were p l a c e d in groups of ten i n 5 x 1.8 cm t u b e s . 

These were p r e v i o u s l y f i t t e d w i t h a d i s c of f i l t e r paper (Whatman Grade 1) 

c o v e r i n g the tube b a s e , and a s t r i p approx imate ly k x 1 cm s t a n d i n g u p r i g h t 

in the tube to i n c r e a s e the s u b s t r a t e a r e a f o r the i n s e c t s . Po ly thene 

c l o s u r e s in which a l a r g e hole had been c u t , were r e p l a c e d over a p i e c e o f 

f i l t e r p a p e r , g i v i n g good v e n t i l a t i o n to the i n s e c t s , but a l l o w i n g no means 

of e s c a p e . Tubes were l a b e l l e d w i t h the date of e c l o s i o n and sex of the 

b e e t l e s , and the sexes were s t o r e d a t o p p o s i t e s i d e s of the r e a r i n g room 

u n t i l r e q u i r e d f o r e x p e r i m e n t a t i o n . 

C . Stegobiurn l i f e c y c l e and developmental p e r i o d s 

Steqobium paniceum i s an a n o b i i d b e e t l e , 2 -3 mm long w i t h a n o n - f e e d i n g 

a d u l t s t a g e . The s p e c i e s i s cosmopol i tan and the l a r v a e have been repor ted 

i n f e s t i n g wood ( E i c h l e r , 19^3; Espanol , 1969); l e a t h e r (Lengerken , 1922) ; 

c o f f e e , tea and tobacco ( C h i t t e n d e n , 1902); drug p l a n t s (Armitage and 

V e r d c o u r t , 19^7); c a l f - s t a r t e r p e l l e t s ( S t o n e , 19^9) as w e l l as c e r e a l c r o p s , 

f l o u r and t h e i r p r o d u c t s , which they commonly i n f e s t . 

At 30°C and 75% r , h . , developmental p e r i o d s f o r Steqobium a r e a s f o l l o w s 

( L e f k o v i t c h , 1967): t o t a l developmental p e r i o d ( o v i p o s i t i o n to a d u l t 

emergence from the cocoon) *f2-3 d a y s , c o n s i s t i n g o f the egg s t a g e , 7 d a y s ; 

larvai l i n s t a r s about 27 d a y s ; pupa k-5 days and p r e - a d u l t s t a g e , k-5 d a y s . 

A c c o r d i n g to L e f k o v i t c h (1967) the temperature and humidity regime 



prov ided in the r e a r i n g room dur ing the p r e s e n t s tudy p roduces ; 

( i ) the most rap id developmental p e r i o d , 

( i i ) a lmost the lowest p r e - a d u l t m o r t a l i t y , 

( i i i ) a lmost the s h o r t e s t a d u l t l i f e span,and 

( i v ) a c o m p a r a t i v e l y low mean o f about *f0 eggs l a i d per female (maximum 

of 75 a t 2 2 . 5 ° C ) . 

The per iod spent in the cocoon a f t e r a d u l t emergence i s not n e c e s s a r y 

f o r s u r v i v a l , and i s thought to c o n s t i t u t e an i n a c t i v e p e r i o d of c u t i c l e 

hardening and gonad m a t u r a t i o n . 
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I I I . RESPONSE OF MALE STEGOBIUM TO LIVE FEMALES IN ARENA ASSAY EXPERIMENTS 

A . I n t r o d u c t i o n and Methods 

I f a pheromone system of communication i s thought to o p e r a t e in an 

i n s e c t s p e c i e s , whether from d i r e c t o b s e r v a t i o n o r e v i d e n c e from c l o s e l y 

r e l a t e d s p e c i e s , i t i s important to o b t a i n some i n i t i a l q u a n t i t a t i v e data 

u s i n g the l i v e i n s e c t a s a s o u r c e of a t t r a c t a n t . A pheromone was presumed 

to be p r e s e n t in the mosqu i to , C u l i s e t a inorna ta ( W i l l i s t o n ) from o b s e r v a t i o n 

of males " e a s i l y f i n d i n g r e s t i n g f e m a l e s " and " a t t e m p t i n g to mate w i t h 

a p p a r e n t l y dead f e m a l e s " ( K l i e w e r , M iu ra , Husbands and H u r s t , 1966) . 

Burkho lder and Dicke (1966) reported tha t female dermest id s p e c i e s were 

observed to a t t r a c t males soon a f t e r emergence and suggested the p o s s i b i l i t y 

of chemica l a t t r a c t i o n . In both c a s e s t h e s e i n i t i a l o b s e r v a t i o n s were 

fo l lowed by the a p p l i c a t i o n of more i n d i r e c t methods of t e s t i n g . 

There a r e many records of sexua l a t t r a c t i o n i n the f i e l d amongst the 

C o l e o p t e r a . Caged females of the tobacco hornworm, P ro toparce (Manduca) 

s e x t a (Johannson) ( A l l e n , K i n a r d and J a c o b s o n , 1962); the banded cucumber 

b e e t l e , D i a b r o t i c a b a l t e a t a (LeConte) (Cuthbert and R e i d , 1964) and g r a s s 

grub b e e t l e , C o s t e l y t r a z e a l a n d i c a (White) ( K e l s e y , 1967) a t t r a c t e d l a r g e 

numbers of males to them. V i r g i n female wireworms, C t e n i c e r a a e r i p e n n i s 

d e s t r u c t o r (Brown) (Ooane, 1961) and wood b o r e r s , X e n o r h i p i s b rende l i 

LeConte ( W e l l s o , 1966) in cages a t t r a c t e d m a l e s , which moved upwind towards 

them. Female Japanese b e e t l e s , P o p i I l i a j apon ica Newman t e t h e r e d by a nylon 

thread were observed to a t t r a c t v e r y l a r g e numbers of males in a shor t pe r iod 

(Ladd , 1970) . There a r e numerous examples of f i e l d a t t r a c t i o n w i t h i n most 

o t h e r i n s e c t o r d e r s , e s p e c i a l l y the L e p i d o p t e r a . 

In the l a b o r a t o r y , chemica l a t t r a c t i o n was demonstrated d i r e c t l y in 

the mealworm, Tenebr io mo 1i t o r L . , where both s e x e s produce pheromones. 

An a i r f low was passed o v e r a chamber c o n t a i n i n g i n d i v i d u a l s of one s e x , and 

the o p p o s i t e sex responded by c o l l e c t i n g a t the o u t l e t (Happ, 1969 ) . The same 
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s p e c i e s was b i o a s s a v e d in a c h o i c e chamber, where l i v e i n s e c t s provided 

the s o u r c e of a t t r a c t a n t (August , 1971) . Crushed females of the g r a s s grub 

b e e t l e , C o s t e l y t r a z e a l a n d i c a in one arm of a ' Y - c h o i c e ' o l f a c t o m e t e r 

a t t r a c t e d o n l y males (Henzel1 , Lowe, T a y l o r and B o s t o n , 1969) . 

The exper imenta l t echn ique d e s c r i b e d below was des igned to d e t e c t and 

demonstrate the p resence of a pheromone system of communication o p e r a t i n g 

between the sexes in Steqobium. The experiment a l s o s e t out to determine 

the s e x ( e s ) producing a n d / o r responding to the a t t r a c t a n t and to prov ide a 

broad o u t l i n e of the n a t u r e of the pheromone system and i t s t iming in the 

a d u l t l i f e span of t h i s s p e c i e s . 

A c l o s e d a r e n a was formed by i n v e r t i n g a 14.0 cm d iameter g l a s s p e t r i 

d i s h . The rim of the d i s h was ground on a sheet of g l a s s covered w i t h 

moistened carborundum powder u n t i l a l l i r r e g u l a r i t i e s were removed and 

b e e t l e s were unable to escape from beneath i t . A f i l t e r paper d i s c of 15.0 cm 

d iameter formed the f l o o r of the a rena p r o v i d i n g good t r a c t i o n f o r t e s t 

i n s e c t s . The paper was of the same type and grade as that used in the 

s t o r a g e tubes fo r r e t a i n i n g exper imenta l i n s e c t s , (see s e c t i o n I I , B ) , so 

tha t they would be accustomed to any odour inherent i n i t . L i n e s were drawn 

in p e n c i l on to the arena f l o o r ( f i g . 1) in such a way that they r a d i a t e d 

out from one point on the c i r c u m f e r e n c e , c o n c e n t r i c a l l y . S i m i l a r l y , a 

p e n c i l was used to l abe l the f i l t e r paper held by the s t o r a g e tube c l o s u r e s 

to c o n d i t i o n i n s e c t s to i t s odour , i f a n y . The a r e a of the s e c t i o n s and 

c i r c u m f e r e n c e length ( s i n c e Stegobiurn tends to f o l l o w edges) were kept as 

equal a s p o s s i b l e in the a r e n a . The o n l y s e c t i o n s e r i o u s l y v i o l a t i n g t h i s 

c o n d i t i o n was s e c t i o n s i x which had a g r e a t e r c i r c u m f e r e n c e l e n g t h . However, 

t h i s cou ld o n l y r e s u l t in a b i a s a g a i n s t the r e s u l t s expected (par t B ) . 

A g e l a t i n e c a p s u l e , s i z e 0 0 , was punctured e x t e n s i v e l y w i th a f i n e 

mounted n e e d l e . The o u t e r h a l f was a t t a c h e d to the i n n e r s u r f a c e of the 

p e t r i d i s h (by means of a smal l drop of wa te r ) a t a po in t approx imate ly 1.5 cm 

from the p e r i p h e r y , so tha t when the a rena was a s s e m b l e d , the c a p s u l e would be 



F i g u r e 1. P lan and e l e v a t i o n of the a rena used to t e s t the response 
of 10 males to k females conf ined in the punctured 
g e l a t i n e c a p s u l e over a 30-min t e s t p e r i o d . Diagram to 
s e a l e . 
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suspended o v e r the c e n t r e of s e c t i o n one ( f i g . 1 ) . When the water had d r i e d , 
four females of known age were admit ted to the i n n e r c a p s u l e p o r t i o n and the 
two h a l v e s f i t t e d t o g e t h e r . 

In a t y p i c a l exper iment , ten males of known age were p l a c e d in the 

c e n t r e of the a rena and the p e t r i d i s h , complete w i t h females in the c a p s u l e , 

was q u i c k l y p l a c e d in p o s i t i o n on the marked f i l t e r paper d i s c . A s t o p 

watch was s t a r t e d immediately s i x such a r e n a s had been a s s e m b l e d . A 

motor ised ' P r a k t i ' 35mm camera mounted 1.0 m above bench l e v e l photographed 

the group of a r e n a s p e r i o d i c a l l y . A motor ised t i m e - l a p s e wheel opera ted a 

6 - v o l t s o l e n o i d which i n turn depressed the camera s h u t t e r r e l e a s e once every 

60 s dur ing a 30-min p e r i o d . An a n g l e p o i s e lamp f i t t e d w i t h a 100 watt 

red l i g h t bulb was p l a c e d on each s i d e of the group of a r e n a s , g i v i n g 

f a i r l y even l i g h t i n g . S i n c e sortie b e e t l e s p e c i e s a r e r e l a t i v e l y i n s e n s i t i v e 

to the red end of the spec t rum, e g . Tenebr io m o l i t o r ( T s c h i n k e l , W i l l s o n and 

B e r n , 1 9 6 7 ) , the red lamps were used to g i v e adequate l i g h t i n g f o r photography 

on Kodak T r i - X f i l m (ASA *f00) wi thout p r o v i d i n g a s t rong s t i m u l u s which 

might i n f l u e n c e the o r i e n t a t i o n of the b e e t l e s . The f i l m was developed 

normal ly and the n e g a t i v e s viewed d i r e c t l y by p r o j e c t i o n on to a w h i t e c a r d 

0 .5 x 0 .3 rn. The number of males in each s e c t i o n was recorded f o r each 

arena over the e n t i r e s e r i e s of 30 f r a m e s . 

For a s i n g l e a rena t e s t , a percentage of the p o s s i b l e maximum s c o r e f o r 

each s e c t i o n (300 males ) over the 30 min was c a l c u l a t e d , g i v i n g a mean 

percentage v a l u e , per s e c t i o n , per t e s t . 

A l l exper iments were conducted between 10.00 and 16.00 h. 

B. R e s u l t s 

The r e s u l t s were a n a l y s e d in o r d e r to prov ide in format ion about the 

f o l l o w i ng: 

(a) o c c u r r e n c e of a chemica l a t t r a c t a n t mechanism in Stegobiurn; 

(b) na ture o f the response o v e r the 30-min t e s t p e r i o d ; 
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(c ) g rada t ion o f response o r d i s t r i b u t i o n of i n s e c t s w i t h i n the a r e n a , a n d 

(d) e f f e c t o f a d u l t age on a t t r a c t i v e n e s s and r e s p o n s i v e n e s s . 

(a ) I n d i c a t i o n of chemica l a t t r a c t i o n by female Stegob?urn 

A s e r i e s of e x p l o r a t o r y arena a s s a y t e s t s were c a r r i e d out as d e s c r i b e d 

above , w i th a l l p o s s i b l e combinat ions of the two sexes in the arena and 

c a p s u l e r e s p e c t i v e l y . T a b l e 1 shows the percentage responses of the t e s t 

i n s e c t s as demonstrated by t h e i r r e p r e s e n t a t i o n in s e c t i o n one of the a r e n a . 

T a b l e 1 Mean percentage response of a rena i n s e c t s to those in the c a p s u l e 
as i n d i c a t e d by those in s e c t i o n one of the a rena over the 30-min 
a s s a y t e s t p e r i o d . 

c a p s u l e 
(k i n s e c t s ) 

a rena 
(10 i n s e c t s ) 

r e p l i c a t e 
t e s t s 

mea n % i n 
s e c t i o n 1 - SE 

female ma 1 e 13 32 .15 - 2 .06 

- 11 10 16.19 - 1.48 

male 11 10 18.87 - 1.24 
11 female 9 18.84 - 1.76 

female 11 9 19.06 - 2 . 3 6 

I f d i s t r i b u t i o n of t e s t b e e t l e s w i t h i n the a rena had been random, 16.7% 

would be expected in each s e c t i o n . On lya-n those t e s t s w i th females in the 

c a p s u l e and males in the a r e n a , were percen tages in s e c t i o n one s i g n i f i c a n t l y 

h i g h e r than the expected l e v e l ( f i g . 2 ) . Males d id not respond to empty 

g e l a t i n e c a p s u l e s , so t h i s was e l i m i n a t e d as a p o s s i b l e source of a t t r a c t i o n . 

Males were a l s o not a t t r a c t e d to m a l e s , and females d id not respond to males 

o r fema1es. 

Fo l low ing t h e s e r e s u l t s , f u r t h e r arena a s s a y t e s t s were c o n c e n t r a t e d 

o n l y on male response to e n c a p s u l a t e d female b e e t l e s , 

(b) Male response i n t e n s i t y o v e r the 30-min t e s t pe r iod 

U s i n g data ob ta ined f o r s e c t i o n (d) below, a l l t e s t s in which both sexes 

were 5 days o l d and above were numbered,and 25 chosen f o r f u r t h e r a n a l y s i s by 



F i g u r e 2 . Mean percentage response of i n s e c t s in the arena ( f i g . 1) 
to those in the c a p s u l e (sexes a s i n d i c a t e d ) over the 
30-min t e s t p e r i o d . The 16.7% l e v e l o f response 
( i n d i c a t e d by the broken l i n e ) would be expected i f 
d i s t r i b u t i o n o f i n s e c t s w i t h i n the a rena was random. 
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means of a t a b l e of random numbers. A mean v a l u e of males p r e s e n t in s e c t i o n 

one of the a rena was c a l c u l a t e d fo r each of the 30-min i n t e r v a l r e c o r d i n g s 

( t a b l e 2 ; f i g . 3 ) . Male response was found to be g r e a t e s t o v e r the f i r s t 

f i v e minutes when a lmost 50% o f males were recorded in s e c t i o n o n e . I n t e n s i t y 

of response g r a d u a l l y d e c l i n e d over the remaining t e s t p e r i o d , a lmost 

reach ing the expected l e v e l dur ing the l a s t f i v e m i n u t e s . 

Tab le 2 . Mean number of males in s e c t i o n one of the a rena f o r each m i n u t e -
i n t e r v a l r e c o r d i n g , from a sample of 25 t e s t s . 

mi nute mean no. males mi nute mean no. males 
of t e s t i n s e c t i o n one of t e s t in s e c t i o n one 

1 3 .76 16 3.20 

2 5.12 17 2 .76 

3 i t .68 18 2 . 8 4 

4 4 . 6 4 19 3.00 

5 4 . 8 4 20 3.00 

6 4 . 1 6 21 2 .96 

7 4 .4o 22 3.12 

8 if .16 23 2 .80 

9 3.52 24 2 .60 

10 4 . 1 6 25 2 .24 

11 3.32 26 2 .36 

12 3 .24 27 2 . 4 4 

13 3 .24 28 2.52 

14 3.40 29 2 .08 

15 2 .68 30 2 .28 

(c ) Male d i s t r i b u t i o n w i t h i n the arena 

The t e s t a rena was d i v i d e d in to s i x s e c t i o n s in o r d e r that any g r a d a t i o n 

of response from s e c t i o n one through to s i x would become a p p a r e n t . A g a i n , 

from data ob ta ined f o r (d) below, 30 t e s t s where both males and females were 

5 o r more days o l d , were s e l e c t e d u s i n g random number t a b l e s . The percentage 

v a l u e s f o r each of the a rena s e c t i o n s were summed and a mean v a l u e c a l c u l a t e d 



F i g u r e 3 . I n t e n s i t y of male response to l i v e females in the t e s t 
a rena ( f i g . 1) o v e r the 30-min t e s t p e r i o d . The mean 
numbers of males in s e c t i o n one of the a rena were c a l c u l a 
ted from a sample o f 25 t e s t s in which both males and 
females were a t l e a s t 5 days o l d . 
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from the sample o f 30 t e s t s ( t ab l e 3, f i g . 4 ) . The expected leve l o f response 

Table 3 Mean percentage o f males in each o f the arena sec t ions f o r a sample 
o f 30 t e s t s 

arena mean % males^ range f o r 
sec t i on over 30 mins - SE 2 \ SE 

1 31.12 
+ 

1.70 26.86 - 35.38 

2 15.00 + 0.48 13.79 - 16.21 

3 13.56 + 0.7k 11.72 - 15.40 

4 12.22 + 0.66 10.56 - 13.88 

5 13.57 + 0.8k 11.48 - 15.66 

6 14.72 + OJk 12.88 - 16.56 

shown i n f i g u r e k was est imated as f o l l o w s . I f i n 99% o f cases, 26.86 -

35.38 percent o f males were recorded in sec t i on one o f the a rena , then 64.62 -

73.14% must be d i s t r i b u t e d throughout the remaining f i v e s e c t i o n s . Assuming 

a n u l l hypo thes i s , t ha t the re was no g rada t ion o f male response, then one 

would expect 12.92 - 14.63% o f males in each o f sec t ions two to s i x i n c l u s i v e . 

In f a c t , no s i g n i f i c a n t d e v i a t i o n from the expected leve l was found , so the 

n u l l hypothesis could not be r e j e c t e d . I t was thus i n f e r r e d t h a t , a l though 

percentages o f males in sec t ions two to s i x are d i r e c t l y dependent upon 

t ha t i n sec t i on one, they do not d i f f e r s i g n i f i c a n t l y themselves, 

(d) E f f e c t o f age on female a t t r a c t i v e n e s s and male response 

A se r ies o f arena t e s t s cover ing most age range combinat ions was performed 

to determine the importance o f a d u l t age on the a b i l i t y o f females t o a t t r a c t 

males and the c a p a b i 1 i t y o f males to respond. From t a b l e 4A, f i g . 5C i t i s 

ev ident t h a t females become i n c r e a s i n g l y a t t r a c t i v e to mature males between 

3 and 4 days o f age, reaching a peak when they are 7-8 days o l d and g radua l l y 

becoming less potent t h e r e a f t e r . 

Males f i r s t respond ( t a b l e 4B, f i g . 5A) when they are about 5 days o l d , 

reaching a maximum a t 6-7 days and ma in ta i n i ng t h i s leve l o f about 30% 

p o s i t i v e response throughout the res t o f t h e i r a d u l t l i f e span. 



Figure k. Mean percentage o f males in each o f the s i x sec t ions o f 
the t e s t arena ( f i g . 1) f rom a sample o f 30 t e s t s i n 
which both males and females were a t leas t 5 days o l d . 
The broken l i n e represents the expected leve l o f male 
response i f d i s t r i b u t i o n w i t h i n sec t ions two to s i x 
i n c l u s i v e was random (13.8%). 
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Table 4A. Response o f males to females o f d i f f e r e n t age groups, where males 
were 5 days o l d or above. 

age females no. r e p l i c a t e s mean % in 
(days) w i t h 10 males arena sec t ion 1 - SE 

1 7 18.1 
+ 

3.18 

2 15 18.8 + 1.67 

3 l i t 21.5 + 1.57 

if 22 28.2 + 2.03 

5 21 27.6 + 1.95 

6 29 27.9 + 1.17 

7 18 34.4 + 2.50 

8 7 36.3 + 3.40 

9 19 32.2 + 1.91 

10 8 28.3 + 3.69 

11 9 2if.0 + 2.80 

12-13 5 27.3 + 2.74 

18 if 15.2 + 1.51 

Table 4B. Response o f males o f d i f f e r e n t age groups 
o l d and above. 

to females o f 5 days 

age males 
(days) 

no. r e p l i c a t e s 
w i t h 10 males 

mean % in 
arena sec t ion 1 - SE 

1 3 l i f .3 
+ 

2.28 

2 6 14.4 + 1.27 

3 5 17.0 + 3.46 

4 7 16.4 + 0.97 

5 15 22.6 + 1.52 

6 22 29.7 + 1.67 

7 13 30.0 + 2.90 

8 l i f 32.5 + 2.15 

9 16 32.1 + 1.85 

10 9 31.0 + 2.42 

11 12 34.9 + 3.19 

12-13 6 29.9 + 2.69 

14-15 8 28.7 + 4.22 

16-18 10 30.7 + 4.73 



Figure 5A. Response o f males over t h e i r a d u l t l i f e span to l i v e 
females o f a t leas t 5 days o l d , i n arena assay exper iments . 

F igure 5B. Response o f males o f a t l eas t 5 days o l d to females 
between 1 and 18 days o l d in arena assay exper iments . 

In f i g u r e s 5A and B the broken l i n e represents the 
expected leve l of response (16.7%) i f male d i s t r i b u t i o n 
i n the arena was random over the 30-min t e s t p e r i o d . 
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C. Pi scussion 

A demonstrat ion o f male a t t r a c t i o n to females o f a c e r t a i n age range 

was achieved us ing a l i v e insec t assay techn ique . V isual and a u d i t o r y f a c t o r s 

cannot be d ismissed , but i t seems improbable e i t h e r t h a t males a re ab le to 

v i s u a l l y d i f f e r e n t i a t e between males and females , o r t ha t they can d i s t i n g u i s h 

between females o f d i f f e r e n t ages. A u d i t o r y s i g n a l s , beyond the human range 

o f s e n s i t i v i t y , produced by females o f a c e r t a i n age c lass cannot be d iscounted 

a t t h i s s tage . 

Assuming t ha t the mechanism o f a t t r a c t i o n i s o l f a c t o r y (which i s v e r i f i e d 

i n the f o l l o w i n g s e c t i o n s ) , the r e l a t i v e change in male response i n t e n s i t y 

du r i ng the 30-min t e s t pe r iod i s i n t e r p r e t e d as an i n t e r e a c t i o n between two 

f a c t o r s , namely, adap ta t i on o f the male chemosensory appara tus , and gradual 

d i f f u s i o n o f the pheromone from the capsule and eventual d i spe rs i on o f the 

odour throughout the a rena . 

The s e c t i o n i n g o f the assay arena was in some ways u n s a t i s f a c t o r y s ince 

the d i v i s i o n s could not be a b s o l u t e l y equal in a r e a , c i rcumference leng th 

and d is tance from the capsu le . However, d i s t r i b u t i o n o f beet les in sec t ions 

two t o s i x i n c l u s i v e was shown to be homogeneous such tha t the arena was 

u l t i m a t e l y considered to comprise sec t i on one and " t h e r e s t " . There i s , 

o f course, the p o s s i b i l i t y tha t real d i f f e r e n c e s in male d i s t r i b u t i o n may 

have been masked by unequal sec t i on s i z e s . 

The age o f a d u l t i nsec ts was found to i n f l u e n c e both female a t t r a c t i v e n e s s 

and male response. Newly emerged beet les are r e l a t i v e l y quiescent f o r 2-3 

days and a c t i v e pheromone emission o r response would not be expected a t t h i s 

s tage . Burkholder (1970) found tha t females o f the b lack carpet b e e t l e , 

Attagenus megatoma (F) induced a s t ronger response when they were 6-7 days 

o l d than 2-3 days, when assayed w i t h mature males. The v i r g i n female mealworm, 

Tenebrio moli t o r reached a peak i n pheromone emission 4-5 days a f t e r e c l o s i o n , 

w h i l s t young females were u n a t t r a c t i v e to males (Happ and Wheeler, 1969). 

The response o f the male Mediterranean f l o u r moth, Anagasta (Ephest ia) 
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kuhni e l la ( Z e l l e r ) t o females increased p r o g r e s s i v e l y up t o a maximum when 
they were 5 days o l d . Females reached a peak o f emission when 3-5 day o l d , 
but younger,and o l d e r moths were less a t t r a c t i v e to males (T rayn ie r , 1970). 

Pheromone p roduc t ion and response in insec ts must be l i nked w i t h gonad 

matu ra t i on to p rov ide the maximum poss ib le rep roduc t i ve p o t e n t i a l and 

success. Gonad development o f Steqobiurn wi11 be considered i n d e t a i l in a 

l a t e r s e c t i o n , but i t i s suggested tha t t h i s species a t t a i n s sexual m a t u r i t y 

w h i l e i n the cocoon a f t e r ec los ion (Azab, 19^3) as does i t s c lose r e l a t i v e , 

the c i g a r e t t e b e e t l e , Lasioderma s e r r i c o r n e (Howe, 1957; C o f f e l t and 

Burkho lder , 1973). In t h i s case, the t i m i n g o f pheromone emission and 

i n i t i a t i o n o f male responsiveness corresponds we l l w i t h a d u l t emergence from 

the cocoon. 
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IV SOLVENT EXTRACTION OF FEMALE STEGOBtUM: FACTORS AFFECTING FEMALE 
PHEROMONE CONTENT AND MALE RESPONSIVENESS TO EXTRACTS 

A. I n t r o d u c t i o n and E x t r a c t i o n Methods 

To con f i rm the f i n d i n g tha t Stegobiurn females a t t r a c t males by a chemical 

sex a t t r a c t a n t system, i t was necessary to i s o l a t e and bioassay the substance 

i n the absence o f females. This was achieved by means o f a so lven t i n which 

the pheromone r e a d i l y d i sso lved and which was s u f f i c i e n t l y v o l a t i l e to be 

removed q u i c k l y in cond i t i ons which would not r e s u l t i n dena tu ra1 i sa t i on o f 

the pheromonel 

A wide range o f so lven ts and e x t r a c t i o n techniques have been employed 

s u c c e s s f u l l y w i t h d i f f e r e n t insec t spec ies . Solvents inc lude benzene 

(Rodin, S i l v e r s t e i n , Burkholder and Gorman, 1969; V i c k , Burkholder and 

Gorman, 1969; T rayn ie r and Wr i gh t , 1972); e t hy l a lcoho l (Cuthbert and Re id , 

1964; L i l l y and McGinnis , 1965; Tschinke l et a l 1967); methylene c h l o r i d e 

(Berger , 1966; Roelofs and Carde, 1971; Nagata, Tamaki , Noguchi and Yushima, 

1972); hexane ( C o f f e l t and Burkho lder , 1972); acetone (Happ and Wheeler, 

1969); d ichloromethane (Tuml inson, Hardee, M inyard , Thompson, Gast and Hedin, 

1968) and most commonly, d i e t h y l e t h e r . This so lvent has been used to g i ve 

sur face e x t r a c t s o f whole insec ts (Bar M a n , S tan ic and Shulov, 1965; 

Levinson and Bar M a n , 1967; Car l son , Mayer, S i l hacek , James, Beroza and 

B i e r l , 1971) o r p a r t s , e s p e c i a l l y f o r Lep idop te ra , where the abdominal t i p s 

are c l i pped o f f and ex t r ac ted (A l l en et a 1 . , 1962; Jacobson, L i l l y and 

Hard ing , 1968; B a r t e l l and Shorey, 1969a; J e f f e r s o n , Sower and Rubin , 1970 

but in some cases, whole insec ts o r pa r t s have been macerated in e ther 

(Shorey and Gaston, 1965", Levinson and Bar M a n , 1967; I k a n , Bergman, Yinon 

and Shulov, 1969; Ca lve r t and Corbet , 1973). Another method o f t e n p r e f e r r e d 

i s e x t r a c t i o n o f paper on which pheromone-emit t ing insec ts have crawled 

and the i ns i de o f con ta ine rs i n which they have been kept (Cuthbert and Re id , 

1964; Burkholder and D icke , 1966; Adeesan, Rahalkar and Tamhankar, 1969). 

The so lven t chosen f o r e x t r a c t i n g the sex pheromone from Stegobi urn was 
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d i e t h y l e t h e r , as t h i s was shown to be equa l l y or more e f f i c i e n t than the 

o the rs o r i g i n a l l y considered (Appendix I ) . A minimum of 50 l i v e females o f 

known age were immersed i n d i e t h y l e the r a t a concen t ra t i on o f 10 females 

per ml s o l v e n t . They were l e f t a t room temperature (20 - 2°C) f o r e x a c t l y 

2k h in a g lass tube w i t h a t i g h t l y f i t t i n g c l o s u r e . The so lvent was 

decanted from the beet les us ing a p i p e t t e , and s to red a t -10°C u n t i l r e q u i r e d . 

No e x t r a c t s were kept f o r more than two months a l though they were known to 

r e t a i n t h e i r a c t i v e p r o p e r t i e s f o r much longer . 

B. Bioassay technique 

A very s imple arena was used to bioassay the female pheromone e x t r a c t s , 

the design adapted from tha t employed by Levinson and Bar I l a n (1967) and 

Adeesan e t a l (1969) . A c i r c l e o f f i l t e r paper 25.0 cm in diameter w i t h a 

15.0 cm diameter c i r c l e drawn c o n c e n t r i c a l l y w i t h i n i t , was impressed w i t h 

two 1.5 cm d iscs by p ress ing the mouth o f a g lass tube down on to the paper 

( f i g . 6 ) . The impressions were made 2.5 cm in from the c i rcumference o f 

the smal ler d iameter c i r c l e , d i a m e t r i c a l l y oppos i te each o the r to mark the 

p o s i t i o n s where e x t r a c t and c o n t r o l samples would be absorbed. This technique 

was p r e f e r r e d to the use o f separate cu t -ou t d iscs o r a n t i - b a c t e r i a l assay 

d iscs which might present a b a r r i e r to such small i n s e c t s , which would have 

to c l imb the d i scs in o rder t o loca te and respond to an e x t r a c t . 

The arena was l e f t open ra the r than covered w i t h an i nve r ted p e t r i 

d i s h f o r the f o l l o w i n g reasons. F i r s t l y , i t was hoped to avo id confus ion o f 

insec ts as a r e s u l t o f the c losed space becoming sa tu ra ted w i t h the odour . 

Secondly, t h i s procedure a l lowed bee t les to be removed q u i c k l y f o l l o w i n g 

a p o s i t i v e response ( Par t C ) . F i n a l l y , the mod i f ied technique avoided 

the p o t e n t i a l problems which a r i s e from the tendency o f t h i s species to c l imb 

v e r t i c a l l y . Even the use o f " F l u o n " f a i l e d to prevent males from c l imb ing 

the i nve r ted p e t r i d i s h and hence confus ion might have resu l ted from males 

o r i e n t a t i n g on the d i s h above the exper imenta l d i s c , ra the r than on the d i sc 

i t s e l f . This would have rendered the eva lua t i on o f male response f a r more 



Figure 6 . Plan o f the arena used t o bioassay d i e t h y l e the r e x t r a c t s 
o f female Stegobiurn. X marks the po in t o f re lease o f 
males. Diagram to sca le . 
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d i f f i cu 11 . 

Ex t rac t samples o f 10 yul were app l i ed to the cen t re o f one d i sc o f the 

arena, us ing a m i c r o p i p e t t e , and the same volume o f pure d i e t h y l e the r was 

app l i ed to the o the r as a c o n t r o l . The arena was l e f t f o r 2 min f o r the 

e ther to evaporate before i t was taken i n t o the i nsec ta ry f o r t e s t i n g . Males 

were placed in the cen t re o f the arena between the two t r e a t e d d i s c s , in 

groups o f up to f i v e . The response o f an i n d i v i d u a l bee t le i s not thought 

t o be in f l uenced by the presence o f o t h e r s , but t h i s i s f u r t h e r discussed 

i n pa r t G below. Three minutes were a l lowed f o r beet les to respond, but 

they were removed immediately i f a p o s i t i v e response was d isp layed before 

t h i s . A p o s i t i v e response was recorded on observ ing the f o l l o w i n g behaviour 

p a t t e r n : the male moved on to the d i s c , c i r c l i n g con t inuous ly w i t h i n i t i n an 

e x c i t e d manner, r e t u r n i n g d i r e c t l y t o the d i s c i f i t moved o u t s i d e the 

impressed border . This behav iour , f o r the purposes o f these t e s t s , had to 

be mainta ined f o r a t leas t 10 s . An insec t moving o u t s i d e the 15.0-cm-

diameter c i r c l e was returned c a r e f u l l y to the cen t re us ing f i n e f o r c e p s . 

I f a bee t le f a i l e d to e x h i b i t the above behaviour sequence w i t h i n the t ime 

a l l o w e d , i t was considered a negat ive response, a l though t h i s in no way 

imp l ies t ha t the bee t l e was r e p e l l e d . 

Some insec ts have been descr ibed as d i s p l a y i n g very c h a r a c t e r i s t i c 

behaviour in the presence o f the a p p r o p r i a t e sex pheromone e x t r a c t . The 

response of the dermest id b e e t l e , Trogoderma inclusum LeConte was cha rac te r i sed 

by " . . . a forward and upward ex tens ion o f the antennae, and by a z ig -zag 

p a t t e r n o f approach w i t h i n t e r m i t t e n t s tops , du r i ng which the f r o n t legs were 

s t ra igh tened so t h a t the body was t i l t e d upward a t the f r o n t . . . " (Burkholder 

and Dicke, 1966). Male c i g a r e t t e b e e t l e s , Lasioderma s e r r i c o r n e were descr ibed 

as moving r a p i d l y around the arena, e l e v a t i n g the antennae and extend ing the 

p r o - and mesothoracic legs ( C o f f e l t and Burkho lder , 1972). Female b o l l 

w e e v i l s , Anthonomus grand is Boheman in response to the male-produced 

pheromone, d i s p l a y " . . . v e r y rap id w a l k i n g , s tand ing as h igh on t h e i r f r o n t 
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legs as p o s s i b l e , heads held h i g h , and antennae h igh and f o r w a r d . " ( K e l l e r , 
M i t c h e l l , McKibben and Dav ich , 1964). The male khapra b e e t l e , Trogoderma 
qranariurn Everts in the v i c i n i t y o f the assembling scen t , " . . . l o w e r s i t s 
head and f r e q u e n t l y touches the f l o o r o f the arena w i t h both antennae which 
are set i n t o v i b r a t i o n . . . " (Levinson and Bar M a n , 1970 ) . In the absence 
o f such d i s t i n c t i v e behaviour pa t t e rns in Stegobiurn the system f o r the 
r e c o g n i t i o n o f the pheromone response o u t l i n e d above, was considered to be 
the most s u i t a b l e f o r t h i s spec ies . However, c e r t a i n behav ioura l man i f es ta t i ons 
o f t e n accompanied a p o s i t i v e response, such as e x c i t e d antenna 1 movements and 
a more h a l t i n g ra te o f p rog ress i on . 

Bioassay arenas were renewed every 10-15 min to ma in ta in the q u a n t i t y 

o f e x t r a c t on the d i sc a t a f a i r l y constant l e v e l . Old a renas , in f a c t , 

s t i l l a t t r a c t e d males two days a f t e r use, but to a lesser degree. 

Males were never tes ted more than once a day and i f p o s s i b l e , not on 

consecut ive days in case t h e i r response was in f l uenced by the prev ious days 

exposure to an e x t r a c t . However, the same males were tes ted several t imes 

du r i ng t h e i r l i f e span and not used once on ly as was thought necessary f o r 

Troqoderma sp . (V i ck , Burkholder and Gorman, 1969). 

At leas t 60 i n d i v i d u a l s o f the same age were tes ted w i t h any one e x t r a c t 

and a percentage response va lue was ca l cu l a ted from the observed r a t i o o f 

p o s i t i v e t o negat ive responses. On no occasion was a bee t le seen to respond 

p o s i t i v e l y to the e t h e r - t r e a t e d c o n t r o l d i s c . S i m i l a r l y , e x t r a c t s o f males 

e x c i t e d no response from e i t h e r sex and females were not a t t r a c t e d to female 

e x t r a c t s . Appendix I I conta ins r e s u l t s o f a l l e the r e x t r a c t experiments and 

c o n t r o l s f o r t h i s and the f o l l o w i n g sec t i on of t h i s t h e s i s . A se r ies o f 

experiments employing d i e t h y l e ther e x t r a c t s o f female Stegobiurn were designed 

to i n v e s t i g a t e f a c t o r s a f f e c t i n g both pheromone p roduc t ion by females and 

male response. 
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C. E f f e c t o f a d u l t age on pheromone content o f females and male responsiveness 
to pheromone e ther e x t r a c t s 

Adu l t age and i t s e f f e c t s upon the pheromone communication system was 

again considered i n o rder to compare r e s u l t s ob ta ined from bioassay o f 

female e x t r a c t s w i t h the l i v e female t e s t s ( sec t i on I I I ) , and prov ide more 

d e t a i l e d and p rec i se i n f o rma t i on than was poss ib le w i t h the l a t t e r techn ique . 

Much emphasis has been placed upon the age e f f e c t in most s tud ies i n v o l v i n g 

pheromone b ioassay, s ince workers have aimed u l t i m a t e l y a t revea l i ng the 

t i m i n g o f rep roduc t i ve even ts , gonad m a t u r a t i o n , copu la t i on and the synchron isa 

t i o n o f pheromone p roduc t ion to con t ro l and c o - o r d i n a t e t h i s sequence o f 

even ts . 

The r e s u l t s presented here w i l l l a t e r be discussed in con junc t i on w i t h 

those in Sect ion V I I , where a d e t a i l e d i n v e s t i g a t i o n o f female rep roduc t i ve 

development i s desc r i bed . 

The age o f male Steqobiurn was found to have a great i n f l uence on t h e i r 

a b i l i t y to respond to pheromone e x t r a c t s , as might be reasonably expected. 

Young males were r e l a t i v e l y i n a c t i v e u n t i l 3-4 days o f age ( j u s t before they 

would normal ly leave the cocoon) and on l y a small percentage responded 

p o s i t i v e l y t o even the more potent e x t r a c t s . Over the a d u l t l i f e span, 

however, a general p a t t e r n o f response i n t e n s i t y emerged, to which males 

conformed f o r the m a j o r i t y o f female e the r e x t r a c t s assayed. A good example 

o f t h i s p a t t e r n i s shown i n the response o f males to an e x t r a c t o f 6 -day-o ld 

v i r g i n females ( f i g . 7 d ) . The ra te o f increase o f males responding p o s i t i v e l y 

was almost l i n e a r f o r the f i r s t 10-11 days, by which t ime maximum response 

l e v e l s were reached, in t h i s case, about 95%. This i n i t i a l per iod w i l l i n 

f u t u r e be r e fe r red to as the " r e g r e s s i o n phase" o f male response. The 

maximum leve l reached was mainta ined f o r a f u r t h e r 6-7 days g i v i n g the 

" p l a t e a u phase". Males o f 17-20 days o l d became s e n i l e and t h e i r response 

i n t e n s i t y d im in i shed . D i f f e r e n t e x t r a c t s were found to a l t e r t h i s p a t t e r n 

on l y q u a n t i t a t i v e l y , the two major phases u s u a l l y remaining d i s t i n c t . The 



Figure 7a-g Percentage response of male Stegobium over the i r adult 
l i f e span to pheromone ether ext racts of v i rg in 
females of 0 , 1, 3, 6 , 9, 16 and 23 days old 
respect ive ly . Each point represents a percentage 
calculated from at least 60 males, 
v = vi rgi n 
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slope of the regression phase and magnitude of the plateau phase varied and, 
in some c a s e s , the point at which the plateau phase was reached was v a r i a b l e , 
as th is and the following sect ions w i l l i l l u s t r a t e . 

Diethyl ether ext racts were prepared from v i rg in females of the following 

ages: 0, 1 , 3 . 6, 9. 16 and 23 days. The notation Ov, lv e t c . (v = v i rg in ) 

was given to these e x t r a c t s . Each one was bioassayed with v i rg in males and 

the percentage male response found for each da i l y age group, ( f i g . 7, a -g ; 

Appendix I I ) . The regression phase values (regression b, where y = a-bx) 

and plateau means were calculated for each extract (table 5 ) . 

The Ov and lv ext racts a t t rac t very small percentages of males ( f i g . 7a 

and b) and the male response pattern described above i s barely recognisable. 

For ease of comparison, however, they have been treated in the same way. 

The regression value increases to a maximum with extracts 6v and 9v 

and gradually decreases thereafter ( f i g . 8 ) . The plateau phase mean va lues , 

on the same f igure , almost echo the regressions. In order to provide 

information which would be of the greatest value to th is thes is in i t s 

e n t i r e t y , pa i rs of female extracts were chosen for s t a t i s t i c a l comparison 

(table 6 ) . This was preferred to a comparison of each individual extract 

to a chosen standard for uniformity (Bar ra t t , 197*0. The regressions of 

these selected pa i rs were compared by means of the "d" s t a t i s t i c , the 

s ign i f i cance of which i s determined as i f i t were a normal Student's t -

d i s t r i b u t i o n , but with f degrees of freedom (Ba i ley , 1959). The plateau 

mean values were compared using a Student's t - d i s t r i b u t ion. To obtain an 

overa l l comparative p icture for the ent i re 1-16 day period of male l i f e span 

(before s e n i l i t y ) , a paired " t - t e s t " ana lys is of the mean di f ferences was 

computed. 

Male response to the Ov/ lv and 6v/9v pa i rs was not s i g n i f i c a n t l y d i f fe rent 

in any respect , suggesting that 0- and 1-day-old females are r e l a t i v e l y 

inact ive in terms of pheromone syn thes is , although there i s undoubtedly some 

pheromone present at th is ear ly stage. A rapid increase in pheromone content 



Table 6 S t a t i s t i c a l comparisons of v i rg in male response to pai rs of female ether ext racts and the response e l i c i t e d 
from pairs of male groups by a 6v extract (unless otherwise ind icated) . See text for d e t a i l s . 

relevant 
section and 
pa rt of thesi s 

male response/ 
diethyl ether 
ext racts 
compa red 

\ B 

Comparison of regression 
coeff i c ients 

b , -b 2 

comparison of plateau 
means 

V x 2 t ( n , + n 2 - 2 ) 

paired mean di f ferences 
(1-16 days) 

A-B - SE 15 

IV: C Ov 
lv 
3v 
6v 
9v 

I6v 

(females) 

lv 
3v 
6v 
9v 

I6v 
23v 

+0.47 
-6.39 
-1.85 
-0.13 
+2.44 
+2.15 

1.42 
9.03 
2.52 
0.30 
4.06 
3.22 

NS 
<0.001 
0.05-0.02 

NS 
<0.01 
<0.01 

-3.31 
-43.09 
-28.78 
+3.80 
+6.49 

+ 11.08 

0.74 
11.45 
9.46 
0.62 
1.11 
8.72 

NS 
<0.001 
<0.001 

NS 
NS 

<0.001 

-1.44 - 1.60 0.90 NS 
-26.78 - 4.60 5.82 <0.001 
-24.73 r 2.38 10.39 <0.001 
+0.08 - 0.97 0.08 NS 

+16.53 7 2.78 5.95 <0.001 
+9.39 - 2.20 4.27 <0.001 

I V: D 6m 
12m 
6v 

I6v 

12 m 
16m 
6m 

16m 

+3.31 
+2.97 
+0.26 
+3.97 

4.97 
7.23 
0.43 
8.07 

<0.001 
<0.001 

NS 
<0.001 

+16.46 
+25.04 

+4.57 
+35.78 

3.86 
5.03 
2.53 

11.58 

<0.01 
<0.001 

0.05-0.02 
<0.001 

+16.07 r 2.37 6.78 <0.001 
+20.24 - 2.68 7.55 <0.001 

+6.10 - 2.62 4.66 <0.001 
+26.09 - 3.54 7.37 <0.001 

1 V: E 
v 
v 

(males)_ 6 

m 
(ph) 1-6 +2.00 

+2.05 
0.93 
6.02 

NS 
NS 

+21.69 
+15.22 

18.82 
13.45 

<0.001 
<0.001 

IV: F 
(extract cone 1 ns) 

FE 
1.0 
0.1 
0.01 
0.001 

0.1 
0.01 
0.001 
0.0005 

+0.70 
+0.34 
+3.29 
+2.02 

0.68 
1 .02 
3.67 
1.98 

NS 
NS 

<0.01 
0 .1-0 .05 

+ 1.54 
+12.55 
+23.98 
+39.61 

1.46 
5.30 
7.40 

15.75 

NS 
<0.001 
<0.001 
<0.001 

+7.70 - 1.69 4.56 <0.001 
+8.42 J 1.37 6.16 <0.001 

+21.19 - 2.81 7.54 <0.001 
+20.63 - 4.74 4.35 <0.001 

IV: G 
(males| 

+0.21 0.20 NS +6.18 3.52 <0.01 -0.49 - 2.11 0.23 NS 

V: B 
( s t r a i n s ) , 

ext , ext (males,) 
males, males (ext ) 
males, ma les w (ex t w ) 

ext ext (males ) 

-0.32 0.77 NS -9.63 
-20.35 
+27.17 
+16.45 

7.40 
10.38 
18.28 
7.88 

<0.001 
<0.001 
<0.001 
<0.001 

+8.28 - 0.90 9.20 <0.001 
+9.64 - 2.94 3.28 <0.01 

+10.45 | 4.84 2.15 0.05 
+9.10 - 2.32 3.92 <0.01 

Appendix V 6v 
(females) 

6v abd -0.27 0.48 NS •3.03 1.55 NS +7.46 - 1.68 4.44 <0.001 

symbols as for table 5 and: 

ext = female ether extract 



Table 5 Percentage male responses: regressions of male response with respect to age and the mean response at the plateau phase. 
Complete resul ts for a l l bioassay tes ts using diethyl ether extracts (see relevant sect ion for d e t a i l s ) . 

relevant 
section and 
part of 
thesi s 

females extracted 

age 
(days) 

mating 
status s t ra i n cone 1n 

(FE) 

males tested 

mati ng 
status stra i n 

( i ) regression (y=a+bx) phase male 
response 

b - SE a - SE days 
( inc lus ive ) 

( i i ) plateau phase male 
response 

mean SE(%) days 
(i nclusi ve) 

IV:C 0 
1 
3 
6 
9 

16 
23 

v 
v 
V 
V 
V 
V 
V 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

v 
V 
V 
V 
V 
V 
V 

1.97 7 0.29 
1.50 - 0.16 I 0.69 7.89 
9.74 
9.60 
7.16 
5.01 

0,24 
0.42 
0.43 
0.51 

-3.55 I 1.79 0.924 
-0.61 - 0.97 0.959 

-15.10 I 4.30 0.988 
-6.63 I 1.50 0.998 
-3.69 T 2.58 0.993 

^11.10 I 2.94 0.984 
-5.12 - 3.73 0.953 

1-10 
1-10 
1-10 
1-10 
1-10 
1-11 
1-12 

19.67 
22.98 
66.07 
94.85 
91.05 
84.56 
73.48 

3.80 
2.36 
2.93 
0.82 
2.34 
0.60 
1.12 

16 
16 
16 
16 
16 

12- 16 
13- 16 

IV: D 6 
12 
16 

m 
m 
m 

0.1 
0.1 
0.1 

v 
v 
v 

9.47 I 0.59 
6.16 I 0.31 
3.19 - 0.27 

•12.20 - 3.65 0.985 
-8.38 J 2.14 0.988 
-7.33 - 1.96 0.967 

1-10 
1-11 
1-12 

90.28 I 1.61 11-16 
73.82 - 3.95 12-16 
48.78 - 3.03 13-16 

IV: E 6 
6 
6 

v 
v 
V 

0.1 
0.1 
0.1 

1-6 
m 
v(ph) 
v ( P h ) 

-6 
-18 

7 . 7 4 - 2 . 3 1 - 1 7 . 0 0 - 2 1 . 0 0 0.889 7-11 
7 . 6 9 ^ 0.77 -26.80 ^ 7.85 0.976 7-13 
3.14 - 0.58 -6.63 - 2.57 0.925 1-7 

73.16 I 0.81 12-16 
79.63 7 0.78 14-16 
19.97 - 0.79 8-16 

I V: F 6 
6 
6 
6 

v 
v 
V 
V 

1.0 
0.01 
0.001 
0.0005 

v 
V 
V 
V 

10.43 7 0.98 
9.39 7 0.31 
6.10 I 0.84 
4.08 - 0.58 

+1.88 t 4.96 0.974 
-10.70 - 1.88 0.996 
-11.70 - 5.23 0.931 

-6.35 - 2.27 0.962 

1-8 
1-10 
1-10 
1-6 

96.39 £ 0.66 
82.30 - 2.22 
58.32 - 2.36 
18.71 - 0.87 

9-16 
11-16 
11-16 
7-16 

I V: G 0.1 9.53 - 1.02 -0.99 - 6.36 0.957 1-10 88.67 - 1.55 11-16 

V: B 6 
6 
6 

v 
v 
V 

w 
1 
w 

0.1 
0.1 
0.1 

V 
V 
V 

10.06 - 0.34 -15.87 - 2.13 0.995 1-10 
w 
w 

85.22 J 1.01 11-16 
74.50 - 1.78 11-16 
58.05 - 1.09 H-16 

(abd.) Appendix V 0.1 10.01 - 0.51 -17.27 - 3.18 0.990 1-10 91.82 - 1.77 11-16 

v 
m 

w 1-6 
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Figure 8. E f fec t of the age of female Stegobiurn when extracted in 
ether on the response of males at the regression (b) 
and plateau phases of the i r response pattern (about 
1-10 and 11-16 days respect ive ly) during arena b io-
assay experiments. 
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is apparent between days 2-3 and the maximum is reached probably between days 

6 and 9. Ext racts from progressively older females gradually lose the i r 

a t t r a c t i v e properties in terms of male response, although even in 23-day-old 

v i rg in females, a considerable pheromone content i s ref lected by male response 

leve ls reached (plateau mean = 73.5%), despite th is being near the mean l i f e 

span l imit for v i rg in females. 

The e f fec t of age upon both male responsiveness and female pheromone 

content described above is very much in l ine with resu l ts of s i m i l a r work 

on other s p e c i e s . Depending upon the adult l i f e span of an i n s e c t , males 

invar iably reach the i r peak response leve ls in stages over the f i r s t part of 

the i r adult l i f e . Shorey, Morin and Gaston (1968) found that among eight 

species of noctuid moths, the time taken to reach 50% of maximum response to 

the female a t t ractant ranged from 1-3 days. The equivalent period in Stegobiurn 

(which is a longer- l ived adult) was 5-8 days depending upon the a t t ractant 

source. Newly emerged mealworms, Tenebrio mo 1?tor are unresponsive, but from 

th is time, there i s an almost l inear da i ly increase in response up to about 

70% on day 5, when a plateau e f fect i s maintained (Happ, 1970). Males of the 

black carpet beet le , Attagenus megatoma, with a s imi la r l i f e span to Stegobi urn 

f a i l e d to respond to the pheromone at one day o l d , but reached a maximum 

between 6-7 days, very gradually dec l in ing thereaf te r , although even 19 to 20-

day-old males reached about 84% response (Burkholder, 1970). Bar te l l and 

Shorey (1969a) found that the l ight brown apple moth, Epiphyas postvit tana 

(Walk) males reached peak response- levels as quickly as the second night 

a f t e r emergence and th is maximum was maintained unt i l the tenth night . 

Levels of pheromone extracted from v i rg in females throughout the i r adult 

l i f e span a lso compared well with data co l lec ted from other s p e c i e s . Females 

of the c igare t te beet le , Lasioderma s e r r i c o r n e , which has a s imi la r l i f e 

span to Stegobi urn (Howe, 1957) e l i c i t e d a response when extracted at only 

10-12 h old from less than 20% of males, and over 80% when females were 2 

days o l d . Males reached peak response to extracts from k to 5-day-old females. 
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This was followed by a s l i g h t dec l ine , but male response to extracts from 

females older than 9-10 days was not given (Coffel t and Burkholder, 1972). 

Female almond moths, Cadra (= Ephestia) caute l la (Walk.) contained 

detectable amounts of pheromone in pupae which had begun the i r eclosion 

process. Levels increased up to a maximum in three hours a f t e r eclosion 

which was maintained unt i l death in v i rg in females (Kuwahara, Kitamura, 

Takahashi and Fukami , 1968). Stegobium pupae, or ec los ing adults were not 

extracted but s ince some, or a l l Ov females contained some pheromone, 

synthesis may be in progress at an e a r l i e r stage. The female f lour moth, 

Ephestia kuhniel la has been shown to contain some pheromone before pupal 

ecdysis (Calvert and Corbet, 1973). 

It must be st ressed that male response leve ls to ether extracts of female 

Stegobiurn re f lec t only the pheromone content at the time of extract ion and 

not the rate of synthesis or emission. 

D. E f fec t of mating on female pheromone content 

I f i t i s necessary for a female to copulate only once in order to produce 

a f u l l complement of f e r t i l e eggs, i t might reasonably be expected that 

pheromone production would be reduced or terminated following successful 

mating. Virgin female codling moths, Laspeyresia (Carpocapsa) pomonella (L . ) 

were found to be k2 times more a t t r a c t i v e than mated females (Howell and 

Thorp, 1972). S i m i l a r l y , Kuwahara et a l . (1967) found that pheromone a c t i v i t y 

in the female almond moth, Cadra (Ephest ia )caute l la disappears rapidly k-5 h 

a f t e r the beginning of copulat ion. 

A s e r i e s of 1-day-old male and female Stegobium were kept together in 

groups of two of each sex per tube for the f i r s t 6 days of the i r adult l i f e . 

This period was chosen as females were known to have copulated and begun 
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oviposi t ing by th is time (Section V I I ) . At the end of day 6, the sexes were 
separated, using body length as an i n i t i a l guide and checking females by 
gently extruding the ov ipos i tor . The 150 or so females were divided into 
three groups. The f i r s t group of 50 were immediately extracted in ether 
as described prev ious ly , at a concentration of 10 females per ml solvent to 
give pheromone extract 6m (m = mated). The second and th i rd groups were 
kept for a further 6 and 10 days respect ive ly a f t e r separation from males and 
then extracted in ether to give extracts 12m and 16m respect ive ly . Figure 9 
shows the percentage response of v i rg in males to the three mated female 
e x t r a c t s , with the 6v and l6v extract responses included for comparison. The 
regression and plateau phase values are given in table 5 and s t a t i s t i c a l l y 
compared in table 6. The 6m extract e l i c i t e d a s l i g h t l y , but s i g n i f i c a n t l y 
lower response from males although the regressions were not d i f f e r e n t . Male 
response to the 12m and 16m extracts progressively diminished and there was 
a s i g n i f i c a n t decrease in a l l respects of male response when the l6v and 16m 
extracts were compared s t a t i s t i c a l l y . 

Mating appeared to reduce the pheromone t i t r e in female e x t r a c t s , but 

by no means removed i t completely. This does not exclude the p o s s i b i l i t y 

that pheromone emission, as opposed to pheromone content, may be diminished 

following copulat ion. A' further important considerat ion is that mated 

females of 16 days old are nearing the end of the i r l i f e span and are perhaps 

more comparable to 23v females in terms of age. Mated female sugar beet 

wireworms, Limonius c a l i f o r n i c u s (Mannerheim) extracted at various in te rva ls 

following copulat ion, showed no f a l l in pheromone content for at least k h, 

but from 8 h onwards i t decreased rapidly ( L i l l y and f\cGi nni s , 1968). 

S i m i l a r l y , the male response of the smaller tea t o r t r i x moth, Adoxophyes 

f a s c i a t a Walsingham to ext racts of mated females decreased to 23% when 

extracted 2 days a f t e r mating from 54% the day before mating took place 

(Nagata, et a 1. 1972). Female cabbage loopers, Tr ichoplusia ni (Hubner) 

on the other hand, showed no reduction in pheromone content among females 



Figure 9. Response of male Stegobium over the i r adult l i f e span 
to ether extracts of 6, 12 and 16-day-old mated 
females. For comparative purposes male response to 6 
and 16-day-old v i rg in females is included, 
v = vi rgi n 
m = mated 
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which had mated (Shorey and Gaston, 1965b); th is was explained in terms of 
the importance of mult iple mating in th is spec ies . Brady and Smithwick (1968) 
found that there was no di f ference in sex a t t ractant content in v i r g i n or 
mated Plodia interpunctel la (Hubner). Stegobiurn was not found to require 
more than one copulation in order to produce a f u l l complement of eggs 
(although f e r t i l i t y was not assessed) but mult iple mating was observed (Section 
V I I ) . Some noctuid moth species showed a s l igh t decl ine in pheromone t i t re 
a f t e r mating, including Rachiplusia ou (Guenee); the yel low-str iped army 
worm, Prodenia orn i thogal l i (Guenee); and the beet army worm, Spodoptera 
exi gua (Hubner) despite a l l being polygamous (Shorey, McFarland and Gaston, 
1968). 

The decreased response displayed by v i rg in males to mated female ex t rac ts 

may resul t from a combination of f a c t o r s . In a monogamous s p e c i e s , mating 

and ensuing oviposi t ion may automatical ly inh ib i t pheromone production, or 

reduce i t temporarily in a polygamous s p e c i e s . In Stegobiurn, a f a i r l y 

s h o r t - l i v e d , non-feeding adu l t , the mated female l i f e span i s reduced to 

about 60% compared with v i rg ins (Section V I I ) , so aging obviously operates 

at an e a r l i e r stage (simply because food reserves are channelled into egg 

production) with i t s respect ive e f fect upon pheromone syn thes is . 

E . E f fec t of mating and pre-exposure to the pheromone on male response 

The males from the previous experiment, having experienced 6 days 

contact and mating with females, were tested for the i r subsequent response to 

a 6v ex t rac t . A second s e r i e s of males which remained v i r g i n , were maintained 

in continual contact with a 6v extract for the f i r s t 6 days of the i r adult 

l i f e . This was achieved by treat ing a n t i - b a c t e r i a l assay d iscs with 50 /J1 

of 6v e x t r a c t , and a f t e r al lowing the ether to evaporate, one was placed 

in each tube of 10 experimental males. The d iscs were replaced with f resh ly 

treated ones at 12 h in te rva ls in an attempt to maintain a f a i r l y constant 

and continuous level of pheromone exposure, comparable with contact with 

females. At the end of day 6, the males were removed to clean tubes and 
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the t reatment d i s c o n t i n u e d . 

A t h i r d s e r i e s of male b e e t l e s was kept in cont inuous c o n t a c t w i t h a 

6v e x t r a c t as d e s c r i b e d above , but the t reatment was cont inued throughout 

t h e i r a d u l t l i f e . T h i s group of males was t e s t e d from day 1 onwards f o r 

t h e i r response to a 6v e x t r a c t , whereas the former two groups were t e s t e d 

from day 7 onwards. The t h r e e male groups were d e s i g n a t e d & m ^ , d 1 ph^ ^ 

1-18 
and $ p h r e s p e c t i v e l y . F i g u r e 10 shows the response of t h e s e t r e a t e d 

males to the 6v e x t r a c t w i t h the normal v i r g i n unexposed male response 

1 -6 
i n c l u d e d f o r compar ison . The mated m a l e s , Sm responded to a c o n s i d e r a b l y 

•fi 1 -6 

l e s s e r e x t e n t than v i r g i n males o v e r the age range t e s t e d . The o ph 

d i s p l a y e d a s i m i l a r reduc t ion i n response but the $ p h ' ^ h a r d l y reached 

a response i n t e n s i t y above 20%. The r e g r e s s i o n and p l a t e a u phases were s t i l l 

d i s t i n c t in the response p a t t e r n s of t h e s e t r e a t e d males a l though the p l a t e a u 

phase was reached a t a s l i g h t l y de layed s t a g e . S t a t i s t i c a l comparisons were 

made ( t a b l e 6) of the response of v i r g i n , unexposed males w i t h both om ^ 

and <^ph' ^ a l though the l a t t e r two r e s u l t s were not compared s i n c e the 

o r i g i n a l t rea tments a r e not comparable . I t i s e v i d e n t , however, tha t 

exposure to a pheromone e x t r a c t a f f e c t e d subsequent male response i n v e r y 

much the same way a s confinement w i t h f e m a l e s . T h i s s u g g e s t s that c o p u l a t i o n 

i t s e l f probably has l i t t l e o r no e f f e c t upon male r e s p o n s i v e n e s s . I t i s 

thought tha t in both c a s e s the d i m i n i s h e d response l e v e l s a r e a r e s u l t of 

n e u r o p h y s i o l o g i c a 1 a d a p t a t i o n of the chemoreceptor appara tus ( s e c t i o n V I I I ) . 

Prolonged s t i m u l a t i o n "accommodated" the r e c e p t o r s , r e s u l t i n g in an i n c r e a s e 

i n the t h r e s h o l d l e v e l f o r r e s p o n s e . In the c a s e of d ' p h ' o n l y about 

20% o f males r e t a i n e d a t h r e s h o l d l e v e l low enough to enab le them to respond 

p o s i t i v e l y to the 6v e x t r a c t d u r i n g the t e s t p e r i o d s . When the s t i m u l u s 

was removed ( d 1 ph^ ^) the males recovered to a degree and the t h r e s h o l d 

l e v e l f e l l . Complete recovery was not a t t a i n e d . 

B a r t e l l and Shorey (1969a) found that the response of LBAM (the l i g h t 

brown a p p l e moth) , Ep iphyas p o s t v i t t a n a was reduced from an o r i g i n a l 80% to 



F i g u r e 10. Response of mated male Stegobiurn ( • • ) and those 
c o n t i n u o u s l y exposed to a pheromone e x t r a c t f o r 6 days 
( o — — o ) and 18 days ( o • ) to a 6 - d a y - o l d v i r g i n 
female e x t r a c t over the male a d u l t l i f e s p a n . The 
response of v i r g i n males to a s i m i l a r pheromone e x t r a c t 
i s i n c l u d e d (broken l i n e ) . 
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60% a f t e r a 3 0 - s p r e - e x p o s u r e p e r i o d , and f u r t h e r to 50% a f t e r 60 s e x p o s u r e . 
F u l l response was not regained u n t i l 2k h l a t e r . Steqobiurn was r e q u i r e d 
to respond o n l y f o r 10 s in any s i n g l e t e s t , dur ing which no change in 
response i n t e n s i t y was o b s e r v e d . P e r i o d s of immediate p r e - e x p o s u r e were 
not attempted but subsequent reduc t ion i n response l e v e l s would be e x p e c t e d . 
Male red-banded l e a f r o l l e r moths, A r g y r o t a e n i a v e l u t i n a n a (Walk . ) exposed 
fo r 10 min be fore b i o a s s a y to 1 ug of RiBLuRe (a s y n t h e t i c pheromone) 
f a i l e d to respond. I f 1 h was a l l o w e d between the 10-min exposure pe r iod 
and t e s t i n g , 7.7% p o s i t i v e response was observed compared w i t h 69.1% in 
c o n t r o l unexposed males ( B a r t e l l and R o e l o f s , 1973) . 
F . E f f e c t o f e x t r a c t c o n c e n t r a t i o n on male Stegobium response 

A l l exper iments so f a r d e s c r i b e d have i n v o l v e d the use of pheromone 

e x t r a c t s a t a c o n c e n t r a t i o n of 10 females per ml s o l v e n t . From the 10 p i 

e x t r a c t a l i q u o t s used f o r each t e s t , i t can be c a l c u l a t e d that 0.1 e q u i v a l e n t 

par t of a female i s a c t u a l l y p resen ted to the males on the t e s t d i s c , o r 

0.1 FE (Female e q u i v a l e n t ) . 

In o r d e r to determine the e f f e c t o f v a r y i n g c o n c e n t r a t i o n s on male 

response and the minimum d i l u t i o n d e t e c t a b l e by m a l e s , a s e r i e s of e x t r a c t 

c o n c e n t r a t i o n s was b i o a s s a y e d . The 6v e x t r a c t was s e l e c t e d f o r d i l u t i o n 

s i n c e t h i s evoked the s t r o n g e s t response from m a l e s . From t h i s e x t r a c t the 

f o l l o w i n g s e r i e s of c o n c e n t r a t i o n s was prepared: 100, 10, 1, 0.1 and 0 .05 

females per ml e t h e r , o r 1, 0 . 1 , 0 . 0 1 , 0.001 and 0 .0005 FE r e s p e c t i v e l y . 

The most c o n c e n t r a t e d e x t r a c t was made up a t 100 females per ml but the 

o t h e r s were ob ta ined from a s e r i a l d i l u t i o n of the 0.1 FE e x t r a c t . 

V i r g i n males were used to a s s a y the e x t r a c t s ( f i g . 11) and the r e g r e s s i o n s 

and p l a t e a u means c a l c u l a t e d from the male response percentages ( t a b l e 5 ) . 

In response to the IFE e x t r a c t , males reached the p l a t e a u phase 

when 9 days o l d . The s l o p e of the r e g r e s s i o n was g r e a t e r , and the p l a t e a u 

phase h i g h e r , but not s i g n i f i c a n t l y so when compared w i t h the 0.1 FE e x t r a c t 

( t a b l e 6 ) , but o v e r 1-16 days t h e r e was a s i g n i f i c a n t i n c r e a s e in male 

response of about 8% (P = <0.0001) to the more c o n c e n t r a t e d pheromone e x t r a c t . 

The t rend w i t h d i m i n i s h i n g c o n c e n t r a t i o n s was towards a s h a l l o w e r r e g r e s s i o n 

and decreased p l a t e a u mean, a l though d i f f e r e n c e s between ne ighbour ing 



F i g u r e 11. E f f e c t of the c o n c e n t r a t i o n of a 6 - d a y - o l d v i r g i n female 
e t h e r e x t r a c t on male response over t h e i r a d u l t l i f e 
s p a n . 
FE = female e q u i v a l e n t s (see t e x t ) . 
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p a i r s of r e g r e s s i o n s were not a lways s i g n i f i c a n t . However, the i n t e r c e p t 

v a l u e s (a) i n d i c a t e a p r o g r e s s i v e downward d i s p l a c e m e n t of the r e g r e s s i o n 

on the y a x i s except f o r the 0 .0005 FE e x t r a c t where the r e g r e s s i o n i s much 

reduced . T h i s e x t r a c t , the most d i l u t e , gave a mean p l a t e a u phase of male 

response o f o n l y about 19%. 

The p l a t e a u response means c a l c u l a t e d f o r each d i l u t i o n were p l o t t e d 

a g a i n s t the c o n c e n t r a t i o n ( l o g a r i t h m i c s c a i e ) p r o d u c i ng a c u r v e ( f i g . 12) 

which when e x t r a p o l a t e d to the 0% response l e v e l , i n t e r c e p t e d the h o r i z o n t a l 

a x i s a t about 0 .0004 F E . T h i s g i v e s a rough i n d i c a t i o n of the lower t h r e s h o l d 

l e v e l f o r male response to d i e t h y l e t h e r e x t r a c t s of female Stegobium. The 

c u r v e was a l s o employed, a l though v e r y a p p r o x i m a t e l y , to e s t i m a t e the 

e q u i v a l e n t t i t r e of o t h e r pheromone e x t r a c t s . For example , the 23v e x t r a c t , 

w i t h a p l a t e a u mean of about 73.5% male response c o n t a i n s the e q u i v a l e n t of 

about 0 .006 FE (of a 6v e x t r a c t ) per t e s t a l i q u o t , a l though i t a c t u a l l y 

con ta ined 0.1 FE of a 23v e x t r a c t . T h i s r e p r e s e n t s a reduc t ion in the 23v 

e x t r a c t to about 6% of the pheromone t i t r e of the 6v e x t r a c t . A s i m i l a r 

' c a l i b r a t i o n ' curve was used by Nagata et a 1. (1972) from a percentage male 

r e s p o n s e / l o g FE p l o t . V i c k , Drummond and C o f f e l t (1973) ob ta ined a s t r a i g h t 

l i n e w i t h t h i s p lo t o v e r a v e r y smal l c o n c e n t r a t i o n range and showed that a 

100 - fo ld c o n c e n t r a t i o n change r e s u l t e d in a 65-70% change in male r e s p o n s e . 

Dosage / response data o f t h i s k ind has been t r e a t e d in s e v e r a l ways by 

d i f f e r e n t a u t h o r s . The o r i g i n a l percentage responses have been presented 

a s F i g u r e 12 (August , 1971; Nagata e t a l , 1972; V i c k e t a 1, 1973); pe rcen tages 

conver ted to a s t r a i g h t l i n e by means of a " p r o b i t " t r a n s f o r m a t i o n ( T s c h i n k e l , 

e t a l , 1967; B a r t e l l , 1968; B a r t e l l and S h o r e y , 1969a, b; B u r k h o l d e r , 1970; 

Takahashi and K i t a m u r a , 1970; C o f f e l t and B u r k h o l d e r , 1970) o r a " l o g i t " 

t r a n s f o r m a t i o n a f t e r Berkson (1953) (Happ and Whee le r , 1969 ) . The f i t o f 

t h e s e s t r a i g h t l i n e t r a n s f o r m a t i o n s appears to be dependent upon the range 

o f c o n c e n t r a t i o n s t e s t e d . Burkho lder (1970) ob ta ined a good f i t o f a l l 

p o i n t s over a range of 0 .0016 - 0.001 F E , whereas B a r t e l l (1968) a s s a y i n g a 



F i g u r e 12. E f f e c t o f pheromone c o n c e n t r a t i o n in FE ( female 
e q u i v a l e n t s - log s c a l e ) on male response a t the 
p l a t e a u phase (about 11-16 days ) . . Curve f i t t e d by 
eye and e x t r a p o l a t e d to the x a x i s . 
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range of 0.01 - 0.00001 FE d i d n o t , the h i g h e s t and lowest c o n c e n t r a t i o n 
v a l u e s f a l l i n g below the l i n e . A p r o b i t t r a n s f o r m a t i o n of r e s u l t s o b t a i n e d 
f o r Stegobium ( f i g . 13) resembles tha t o f the l a t t e r a u t h o r , w i t h the t h r e e 
middle p o i n t s f a l l i n g v e r y a c c u r a t e l y on a s t r a i g h t l i n e , but the maximum 
and minimum v a l u e s f a l l i n g beneath i t . T h i s cou ld have r e s u l t e d from 
i n a c c u r a c y i n the a s s a y techn ique ( the 0 .0005 FE c o n c e n t r a t i o n was repeated 
u s i n g f r e s h l y prepared e x t r a c t and no s i g n i f i c a n t d i f f e r e n c e found between 
the p l a t e a u m e a n s ) , o r f a i l u r e of t h i s type of response a s s a y to reach 100%. 
P r o b i t t r a n s f o r m a t i o n s were des igned s p e c i f i c a l l y f o r t o x i c i t y / d o s a g e response 
e x p e r i m e n t s , which bear many resemblances to the type of a t t r a c t a n t b i o a s s a y 
used h e r e . However, whereas 100% m o r t a 1 i t y i s r e a d i l y a c h i e v e d w i t h a drug 
o r t o x i c s u b s t a n c e , 100% p o s i t i v e response to an a t t r a c t a n t i s n o t , s i n c e a 
smal l percentage of i n d i v i d u a l s a r e i n v a r i a b l y d e f e c t i v e , o r i n f e r i o r in 
some way (see p a r t G ) . 

T h r e s h o l d response l e v e l s recorded f o r o t h e r i n s e c t s p e c i e s a r e not 

d i r e c t l y comparable s i n c e e x t r a c t i o n methods, b i o a s s a y techn iques and response 

i n d i c a t o r s va ry w i d e l y . N e v e r t h e l e s s , i t can c l e a r l y be seen t h a t the range 

of c o n c e n t r a t i o n s n e c e s s a r y to i n i t i a t e a response from males (or females 

where a p p r o p r i a t e ) i s v e r y w i d e . An e s t i m a t e d lower response t h r e s h o l d o f 

about 0 .0004 FE in Steqobium may be compared w i t h v a l u e s as low a s < 0.00001 FE 

f o r Lasioderma s e r r i c o r n e ( C o f f e l t and B u r k h o l d e r , 1 9 7 2 ) , 0 .000001FE in 

Adoxophyes f a s c i a t a (Nagata e t a l , 1972) and 0.00001 FE which e l i c i t e d a 2% 

response from the male LBAM, Ep iphyas p o s t v i t t a n a ( B a r t e l l and S h o r e y , 1969a ) . 

At the o t h e r ex t reme, the response t h r e s h o l d f o r the d e r m e s t i d , Trogoderma 

granar ium to the a s s e m b l i n g scent i s < 0 . 4 FE (Yinon and S h u l o v , 1967b) and 

about 0 . 8 FE was e x t r a p o l a t e d f o r Tenebr i o moli t o r (August , 1971) . 

The t h r e s h o l d response l e v e l s f o r sex a t t r a c t a n t s a r e o b v i o u s l y dependent 

upon the c r i t e r i o n used to r e c o g n i s e a p o s i t i v e r e s p o n s e . In LBAM mentioned 

above , a sequence of behav ioura l s t e p s c o n s i s t i n g of an tenna l e l e v a t i o n , 

a c t i v a t i o n o r i e n t a t i o n and c o p u l a t o r y movements was d i s t i n g u i s h e d . These 



gure 13. P r o b i t t r a n s f o r m a t i o n of the c u r v e shown in f i g u r e 12. 
% response probi t 

18.71 k.W 
58.32 5.21 
82.30 5.93 
9^.85 6.63 
96 .39 6.80 
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s t e p s in the p r o c e s s o f l o c a t i n g and mating w i t h a female r e q u i r e d r e s p e c t i v e l y 
h i g h e r pheromone c o n c e n t r a t i o n s in o r d e r to promote each s u c c e s s i v e s t a g e . 
T h i s i s probably t r u e o f many s p e c i e s , but i n d i v i d u a l s t e p s in the b e h a v i o u r a l 
sequence a r e o f t e n more d i f f i c u l t to d i f f e r e n t i a t e . 
G. I n d i v i d u a l male b i o a s s a y of a pheromone e x t r a c t 

S e v e r a l q u e s t i o n s a r o s e from the r e s u l t s p r e s e n t e d in the f o r e g o i n g 

p a r t s of t h i s s e c t i o n , where the percentage response of 60 o r more males was 

c a l c u l a t e d f o r each d a i l y age group. For i n s t a n c e , in a s i t u a t i o n where 95% 

of males respond p o s i t i v e l y to a c e r t a i n e x t r a c t , why does the remaining 5% 

f a i l to do so? As mentioned in p a r t F above , i t could be tha t the same 

i n d i v i d u a l s c o n s i s t e n t l y f a i l to respond because they a r e i n f e r i o r o r in some 

way deformed and d e s t i n e d f o r a s h o r t e r than average l i f e s p a n . A l t e r n a t i v e l y , 

the r e s i d u a l 5% may, on each day , comprise d i f f e r e n t males which a r e f o r some 

reason t e m p o r a r i l y u n r e s p o n s i v e o r whose response t h r e s h o l d i s s l i g h t l y r a i s e d . 

The spread of the r e g r e s s i o n phase o v e r the f i r s t 10 days o r so b e f o r e 

maximum response i s reached p o s s i b l y p r e s e n t s an even g r e a t e r anomaly. I f 

males a r e mature between k-5 days of age (when they l eave the cocoon) one 

would expect 0% response on day 3 , 50% on day k and maximum response on day 5 . 

0_uite o b v i o u s l y , i n d i v i d u a l v a r i a t i o n w i l l lengthen t h i s p e r i o d , but 10 days 

seems e x c e s s i v e . 

In an attempt to p rov ide e x p l a n a t i o n s f o r some of t h e s e prob lems, the 

d a i l y response of i n d i v i d u a l male b e e t l e s was monitored over the whole of 

t h e i r a d u l t l i f e s p a n . 

A group of 50 1 -day -o ld males were p l a c e d in s e p a r a t e numbered tubes 

and i n d i v i d u a l l y t e s t e d w i t h a 6v pheromone e x t r a c t each day u n t i l d e a t h . 

Males found dead on days 2-k o f the exper imenta l p e r i o d were rep laced w i t h 

males of the same a g e . T e s t s w i t h s i n g l e males were c a r r i e d out e x a c t l y as 

w i t h groups of males (par t B of t h i s s e c t i o n ) , a l l o w i n g 3 min f o r a response 

w i t h immediate removal f o l l o w i n g a p o s i t i v e r e s p o n s e . The experiment was 

repeated t h r e e months l a t e r w i t h a second s e t of 50 males from a d i f f e r e n t 

c u l t u r e and g e n e r a t i o n . The r e s u l t s ob ta ined from the two groups were combined 
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s i n c e t h e r e were no obv ious d i f f e r e n c e s between them. 

For each ma le , a complete log o f i t s d a i l y response was r e c o r d e d , 

i n c l u d i n g d e t a i l s of death o r a moribund s t a t e (Appendix I I I ) . The d a i l y 

percentage response (Appendix I I ) , r e g r e s s i o n and p l a t e a u phase v a l u e s were 

c a l c u l a t e d f o r the whole group ( t a b l e 5) and compared w i t h p r e v i o u s r e s u l t s 

o b t a i n e d f o r the 6v e x t r a c t where males were t e s t e d in groups ( f i g . 14, t a b l e 

6 ) . Only the p l a t e a u means were s i g n i f i c a n t l y d i f f e r e n t ; the males t e s t e d 

i n d i v i d u a l l y reach ing 88.7% which i s about 6.2% lower than the group t e s t e d 

males (P = < 0 . 0 1 ) . T h i s d i f f e r e n c e may be a r e s u l t o f t e s t i n g e v e r y d a y , 

which was p r e v i o u s l y avoided when p o s s i b l e . I f t h i s i s the c a s e , i t i s the 

p l a t e a u phase dur ing which the m a j o r i t y o f males a r e r e s p o n d i n g , which would 

be most a f f e c t e d . I f t e s t i n g males in groups produced h igher response l e v e l s 

a s a r e s u l t o f the s t i m u l a t i o n of o t h e r w i s e n o n - r e s p o n d e r s , o r of an a g g r e g a t i o n 

t e n d e n c y , t h i s would be more c o n s i s t e n t throughout the r e g r e s s i o n and p l a t e a u 

phases than was a c t u a l l y found. 

O c c a s i o n s on which males f a i l e d to respond , which was the main c o n s i d e r a t i o n 

o f the p r e s e n t par t of t h i s s e c t i o n , were e x p r e s s e d a s a percentage of the 

number of days f o r which they l i v e d ( e x c l u d i n g a moribund s t a t e ) and thus had 

the o p p o r t u n i t y to respond ( t a b l e 7 ) . I t i s c l e a r t h a t males w i t h a s h o r t e r 

l i f e span (4-10 days ) f a i l to respond f o r a g r e a t e r p r o p o r t i o n of t h e i r l i f e 

than l o n g e r - l i v e d m a l e s . T h i s might be because s h o r t e r - l i v e d i n d i v i d u a l s , 

which formed the m i n o r i t y of the whole group, were in some way i n f e r i o r and 

thus l e s s l i k e l y to be r e s p o n s i v e to the sex pheromone. A l t e r n a t i v e l y , a l l 

males might pass through a p e r i o d of low r e s p o n s i v e n e s s a t the beginning of 

t h e i r a d u l t l i f e . Most i n d i v i d u a l s tended not to respond over the i n i t i a l 

2 - 4 d a y s , and t h i s c l e a r l y c o n s t i t u t e d a g r e a t e r p r o p o r t i o n of the l i f e span 

of s h o r t e r , than l o n g e r - l i v e d m a l e s . 

In o r d e r to examine t h e s e prob lems, the males w i t h a 19-day l i f e span 

( the l a r g e s t s i n g l e group) were a n a l y s e d over the e a r l y par t o f t h e i r a d u l t 

l i f e to compare t h e i r response f a i l u r e w i t h tha t of s h o r t - l i v e d males a s 



F i g u r e 14. Response of male Stegobiurn o v e r t h e i r a d u l t l i f e span 
to a 6 - d a y - o l d v i r g i n female e x t r a c t when t e s t e d 
normal ly ( in groups of 4 - 5 males) ( O o ) and 
i n d i v i d u a l l y ( • • ) . 
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f o l l o w s : 

19-day group s h o r t - l i v e d group 
-A— ^ .A . 

% n e g a t i v e response over 1-5 days v e r s u s males w i t h a 5-day l i f e span 

n 11 11 11 1 _6 11 •• •• 11 11 £ 11 11 11 

n 11 11 11 1 ..7 11 11 11 11 7 11 11 n 

n 11 11 11 1 -8 " 1 1 1 1 11 11 g 11 11 11 

n 11 11 11 ]_5 11 11 11 M g 11 11 11 

These percen tages a r e shown i n t a b l e 7 o p p o s i t e t h e i r c o r r e s p o n d i n g group 

of s h o r t - l i v e d m a l e s . I t i s apparent t h a t males which e v e n t u a l l y l i v e d f o r 

19 days f a i l e d to respond on fewer o c c a s i o n s than the s h o r t e r - l i v e d groups 

of i n d i v i d u a l s . S i n c e the sample s i z e s of the l a t t e r were s m a l l , l i f e span 

c l a s s e s were formed ( t a b l e 8) to p rov ide r e a s o n a b l e numbers in each group, 

w h i l s t e x c l u d i n g as few i n d i v i d u a l s a s p o s s i b l e ( i n t h i s c a s e o n l y 3 ) . For 

each of the age c l a s s e s , a mean v a l u e of response f a i l u r e was c a l c u l a t e d 

( t a b l e 8) as was a mean v a l u e f o r the f i r s t day when a p o s i t i v e response 

was r e c o r d e d . There was an apparent p o s i t i v e r e l a t i o n s h i p between l i f e 

span and the day of f i r s t p o s i t i v e r e s p o n s e , a l though none of the l a t t e r 

v a l u e s was s i g n i f i c a n t l y d i f f e r e n t ( t a b l e 8 ) . However, u s i n g these v a l u e s 

a s an " a l l o w a n c e " o f a pe r iod of days when a n e g a t i v e response i s expected 

from m a l e s , a percentage of the l i f e span when males would be expected not 

to respond to the pheromone can be c a l c u l a t e d ( t a b l e 8 ) . T h i s was taken 

from the middle age group of each l i f e span c l a s s . The d i f f e r e n c e between 

the observed and expected response f a i l u r e t h e r e f o r e i n d i c a t e s the response 

behav iour of males over the remainder of t h e i r a d u l t l i f e , a f t e r the f i r s t 

p o s i t i v e response has been r e c o r d e d . T h i s d i f f e r e n c e was h i g h l y s i g n i f i c a n t 

f o r the 5 to 9-day l i f e span c l a s s which s u g g e s t s tha t s h o r t - l i v e d males f a i l 

to respond c o n s i s t e n t l y , even when they have p r e v i o u s l y g iven a p o s i t i v e 

r e s p o n s e . Males which never responded (of which t h e r e were f o u r , a l l in 

the 5 to 9-day l i f e span c l a s s ) were omit ted from these c a l c u l a t i o n s s i n c e 
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T a b l e 7 F a i l u r e o f i n d i v i d u a l males to respond to a 6v e x t r a c t , e x p r e s s e d 
as a percentage o f t h e i r a d u l t l i f e s p a n . The percentage of o c c a s i o n s 
of n e g a t i v e response of the 27 males l i v i n g 19 days in a l l , up to 
5 , 6 , 7 , 8 , and 9 days i s a l s o i n c l u d e d (see t e x t ) . 

l i f e s an mean % 1 i f e mean % of 5-9 day p e r i o d s 
/ j f n span when - v e when - v e response g iven by 

y response g iven males l i v i n g 19 days 

2 

3 

4 2 6 2 . 5 

5 2 100 68 .4 

6 6 66 .7 6 1 . 5 

7 2 7 8 . 6 56 .6 

8 3 7 0 . 8 50 .9 

9 1 7 7 . 8 4 7 . 3 

10 2 65 .0 

11 

12 1 50 .0 

13 1 35 .7 

14 

15 4 18.3 

16 1 2 7 . 8 

17 12 2 6 . 5 

18 12 37.0 

19 27 31.1 

20 5 38 .0 

21 7 2 7 . 9 

22 3 17.9 

23 1 3 4 . 8 

24 1 50 .0 

25 

26 1 100 
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the expected response f a i l u r e was dependent upon the v a l u e of the f i r s t day 

of p o s i t i v e r e s p o n s e . Males l i v i n g 19 days responded n e g a t i v e l y on fewer 

o c c a s i o n s than would be expected over the 5-9 day p e r i o d , a l though t h i s 

d i f f e r e n c e was not h i g h l y s i g n i f i c a n t . The 15 to 19-day l i f e span c l a s s 

were observed to respond n e g a t i v e l y o n l y about 4% more than would be e x p e c t e d . 

T h i s s u g g e s t s that a f t e r the i n i t i a l 4 . 4 d a y s , most males respond p o s i t i v e l y 

to the sex pheromone f o r most of the t i m e . Males l i v i n g 20 -24 days were 

a l s o "good r e s p o n d e r s " . 

The d a i l y response r e c o r d s were f u r t h e r a n a l y s e d to determine whether 

the way a male responded on day n i n f l u e n c e d i t s subsequent response on day 

(n + 1 ) . They were a l s o examined i n o r d e r to d e t e c t any i n c r e a s e d tendency 

towards n e g a t i v e response on the day p r i o r to the death of an i n d i v i d u a l . The 

f i r s t four days were ignored and dur ing the remaining p e r i o d i t was c a l c u l a t e d 

t h a t a p o s i t i v e response was repeated on about 87% of o c c a s i o n s ( t a b l e 9) 

but a n e g a t i v e response was o n l y repeated on about 51% o f o c c a s i o n s . Once 

T a b l e 9 A n a l y s i s of c o n s e c u t i v e - d a y responses of i n d i v i d u a l l y t e s t e d males 
and t h e i r response to a 6v e x t r a c t on the day p r i o r to death 

response 
response on 
(n+1) a f t e r 
day n (%) 

day 
+ve on 

response on day 
(n+1) a f t e r - v e on 
day n (%) 

response on 
day p r i o r to 
death (%) 

+ve 86 .67 49 .17 61 .0 

- v e 13.33 50 .83 39.0 

a male had responded p o s i t i v e l y , i t was more l i k e l y than n o t , t o c o n t i n u e 

doing so on f u t u r e o c c a s i o n s . On the day p reced ing d e a t h , however, 39% 

of males f a i l e d to respond , d e s p i t e t h e i r p r e v i o u s r e c o r d . 

I n d i v i d u a l male t e s t i n g enabled p o s s i b l e e x p l a n a t i o n s f o r anomal ies 

a r i s i n g from the group b i o a s s a y techn ique to be put f o r w a r d . The r e g r e s s i o n 

p h a s e , p r i o r to the maximum response l e v e l , i s lengthened because: 

(a) the mean day of f i r s t p o s i t i v e response of a l l males was 4 . 4 3 - 0 .22 but 
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the range was 2-14 d a y s . 

(b) m o r t a l i t y o f males up to about 10 days of age i n v o l v e d i n d i v i d u a l s which 

f a i l e d to respond to the a t t r a c t a n t s o u r c e on a g r e a t e r p ropor t ion of o c c a s i o n s 

than l o n g e r - l i v e d m a l e s . A smal l percentage of s h o r t - l i v e d i n d i v i d u a l s 

would be expected in any i n s e c t popu la t ion f o r a v a r i e t y o f reasons but 

hand l ing dur ing e x p e r i m e n t a t i o n may have damaged some b e e t l e s and i n c r e a s e d 

t h i s p r o p o r t i o n . 

(c ) Some i n d i v i d u a l s never respond (5% in t h i s s e t o f m a l e s ) . In the main , 

t h e s e a r e s h o r t - l i v e d , but t h i s group does i n c l u d e a smal l percentage (1%) of 

v e r y l o n g - l i v e d m a l e s . T h i s i n d i v i d u a l was checked a f t e r death and found not 

to be a wrong ly -sexed f e m a l e , so it . can o n l y be presumed tha t a n o n - l e t h a l , 

morpholog ica l o r g e n e t i c d e f i c i e n c y was r e s p o n s i b l e . T h i s b e e t l e , be ing 

the l o n g e s t - l i v e d male of the e n t i r e group s u g g e s t s the p o s s i b i l i t y of a 

reduced m e t a b o l i c r a t e wh ich might in tu rn have i n f l u e n c e d i t s a b i l i t y to 

respond to the sex pheromone. 

The p l a t e a u phase does not reach 100% response p a r t l y a s a r e s u l t o f 

( c ) above and because: 

(d) s e n i l i t y o f t e n r e s u l t e d in response f a i l u r e p r i o r to death even in 

"good r e s p o n d e r s " . Most males d ied a t 19 days of age but l a r g e numbers d i e d 

between days 16 and 2 2 . 

(e) a d a p t a t i o n may o c c u r from c o n t i n u a l t e s t i n g r e s u l t i n g , perhaps in f a i l u r e 

to respond on some o c c a s i o n s . 

H. Pi s c u s s i o n 

E x t r a c t i o n of l i v e females in d i e t h y l e t h e r a t a known c o n c e n t r a t i o n i s 

a conven ient and f a i r l y p r e c i s e method of o b t a i n i n g a s o u r c e of sex pheromone 

f o r b i o a s s a y . The p u r i t y of the e x t r a c t i s , of c o u r s e , unknown and compounds 

o t h e r than the sex a t t r a c t a n t a r e a lmost c e r t a i n l y e t h e r - s o l u b l e and t h e r e f o r e 

e x t r a c t e d a long w i t h the pheromone. Fur thermore , i t i s not known what 

p r o p o r t i o n of the t o t a l pheromone p r e s e n t in a female i s removed by the s o l v e n t . 

L e v i n s o n and Bar I l a n (1967) c a l c u l a t e d tha t 0.4% of the body weight of a 
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female Trogoderma g r a n a r i u m w a s removed by s u r f a c e e x t r a c t i o n ( i e . the t e c h n i q u e 
used f o r Stegobiurn) , whereas 4.9% was removed from a t o t a l body e x t r a c t which 
i n v o l v e d macera t ing females and e x t r a c t i o n in a s o x h l e t assembly f o r 88 h. 
Body e x t r a c t s were found by t h e s e workers to c o n t a i n 5-10 t imes more a t t r a c t a n t 
m a t e r i a l than s u r f a c e e x t r a c t s . The f i n d i n g s of L e v i n s o n and Bar I l a n (1967) 
would probably a p p l y e q u a l l y to Stegobiurn. 

The e f f e c t o f age upon the pheromone content of females , and male response 

was shown to adhere to e s s e n t i a l l y the same p a t t e r n a s that ob ta ined when 

l i v e females were a s s a y e d ( s e c t i o n I I I ) . The l a t t e r t echn ique was f a r l e s s 

s e n s i t i v e than e t h e r e x t r a c t b i o a s s a y s i n c e males were requ i red to respond 

f o r o n l y 10 s to an e x t r a c t , but 30 min in the c a s e of l i v e female a s s a y 

t e s t s . Moreover, s i n c e pheromone content does not n e c e s s a r i l y r e f l e c t 

e m i s s i o n by the f e m a l e , d i f f e r e n c e s in male response might be expected in 

t h e s e two exper imenta l s i t u a t i o n s . 

I n d i v i d u a l male t e s t i n g , a l though i d e a l f o r d e t a i l e d a n a l y s i s of male 

response was too lengthy f o r genera l u s e . However, the p a t t e r n o f male 

response d i s p l a y e d throughout the t e s t s was b e t t e r understood f o l l o w i n g the 

sample of i n d i v i d u a l t e s t s e q u e n c e s . 
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V SEX PHEROMONE PRODUCTION AND MALE RESPONSE OF A "WILD" STRAIN OF STEGOBIUM 
IN COMPARISON WITH THE LABORATORY STRAIN 

A. I n t r o d u c t i o n and Methods 

Study of the sex pheromone of an i n s e c t pest s p e c i e s has p o t e n t i a l 

s i g n i f i c a n c e in the contex t of d e v i s i n g new b i o l o g i c a l c o n t r o l measures a s 

has been amply demonstrated by Hardee, L i n d i g and Dav ich (1971) w i t h 

' g r a n d l u r e ' f o r the b o l l w e e v i l , Anthonomus g r a n d ? s , RiBLuRe f o r the r e d -

banded l e a f r o l l e r , A r g y r o t a e n i a v e l u t i n a n a (Walk . ) ( R o e l o f s , G l a s s , Arn 

and Corneau, 1970) and u t i l i s a t i o n of s e v e r a l o t h e r s y n t h e t i c sex pheromones. 

I t cannot be assumed that r e s u l t s ob ta ined from a l a b o r a t o r y s tock of 

i n s e c t s , which has been in c u l t u r e f o r many y e a r s , a r e r e p r e s e n t a t i v e of 

pheromone communication in w i l d p o p u l a t i o n s . Labora to ry i n s e c t s a r e s u b j e c t e d 

to a l t e r e d s e l e c t i v e p r e s s u r e s , some being removed and o t h e r s i n a d v e r t e n t l y 

i n t r o d u c e d . For example , F l e t c h e r , C l a b o r n , Turner and Lopez (1968) reared 

the screw-worm f l y Coch l iomyia hominivorax (Coquere l ) in d a r k n e s s in o r d e r 

to reduce m o r t a l i t y of i n s e c t s a t h igh d e n s i t y . I t was l a t e r shown t h a t , 

under t h e s e c o n d i t i o n s , sex r e c o g n i t i o n in t h i s s p e c i e s changed from p a r t i a l 

r e l i a n c e upon v i s u a l s t i m u l i to an i n c r e a s e d dependence upon chemica l means 

of communicat ion. 

A l e s s e r degree of dependence upon the sex pheromone of i n s e c t s reared 

in dense popu la t ion c o n d i t i o n s might be expected s i n c e chance meet ings 

between the s e x e s a r e f r e q u e n t . Work in t h i s f i e l d has produced v a r i e d r e s u l t s . 

Sower, Hagstrum and Long (1973) found no s i g n i f i c a n t d i f f e r e n c e between 

e i t h e r female pheromone content o r male response of " w i l d " and l a b o r a t o r y 

almond moths, (Cadra ( E p h e s t i a ) c a u t e l l a ) . However, the e x t r a c t a b l e 

pheromone content of c u l t u r e d summerfrui t t o r t r i x moths, Adoxophyes orana 

F i s h e r von Roslerstamm was 10-100 t imes lower than that e x t r a c t e d from a 

" w i l d " s t r a i n (Minks, 1971) and i t was suggested t h a t the sex pheromone had 

l o s t i t s s e l e c t i v e advantage . C o n v e r s e l y , in the C a l i f o r n i a n red s c a l e 

(Homoptera) , A o n i d i e l la a u r a n t i i ( M a s k e l l ) , l a b o r a t o r y r e a r i n g was thought 

to have i n f l u e n c e d the a t t r a c t i v e n e s s of l a b o r a t o r y f e m a l e s , s i n c e 
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l a b o r a t o r y males found the l a t t e r more a t t r a c t i v e than d id " w i l d " s t r a i n 

males ( T a s h i r o , Beavers and Moreno, 1969) . 

A " w i l d " s t r a i n of Stegobium was brought in to the l a b o r a t o r y and reared 

a s d e s c r i b e d in s e c t i o n I I . In o r d e r to compare pheromone product ion and 

male response of t h i s p o p u l a t i o n , which was kept in l a b o r a t o r y c u l t u r e f o r 

o n l y about f i v e g e n e r a t i o n s , w i t h the l a b o r a t o r y c u l t u r e which has been 

reared a t h igh d e n s i t i e s f o r thousands of g e n e r a t i o n s , a pheromone e x t r a c t 

was prepared from 6-day o l d " w i l d " s t r a i n females and a s s a y e d in the same 

way a s p r e v i o u s l y d e s c r i b e d f o r l a b o r a t o r y f e m a l e s . 

B. R e s u l t s 

The response of l a b o r a t o r y males to a " w i l d " female e x t r a c t was s l i g h t l y 

l e s s than to the l a b o r a t o r y female e x t r a c t ( f i g . 15; t a b l e 5 ) . The r e d u c t i o n 

i n response was about 8% (P = <0.001) over the male l i f e span ( t a b l e 6 ) . 

However, the c h a r a c t e r i s t i c p a t t e r n of male r e s p o n s e , w i t h c l e a r r e g r e s s i o n 

and p l a t e a u p h a s e s , was m a i n t a i n e d . 

"Wi ld" males d e v i a t e d from the above response p a t t e r n ( f i g . 16) in 

that the r e g r e s s i o n was v e r y s t e e p o v e r the f i r s t 3 days of male age 

( r e a c h i n g a lmost 40% male response) but was then i n t e r r u p t e d by a smal l 

p l a t e a u encompassing the f o l l o w i n g 3 d a y s . A f u r t h e r i n c r e a s e in male 

response between days 6-10 brought male response l e v e l s up to a t y p i c a l 

p l a t e a u p h a s e . 

The response of " w i l d " males to " w i l d " female e x t r a c t was s i m i l a r l y 

h igh o v e r the f i r s t 3 d a y s , r e a c h i n g a lmost 40% p o s i t i v e response on day 3 . 

which i s t h r e e t imes that a t t a i n e d by l a b o r a t o r y males of the same a g e . 

However, the p l a t e a u phase mean (58%) was f a r below that which the same 

e x t r a c t e l i c i t e d from l a b o r a t o r y males (85%) as shown i n f i g u r e 17. 

S i n c e " w i l d " s t r a i n males c o n s i s t e n t l y d e v i a t e d from the a lmost l i n e a r 

r e g r e s s i o n phase d i s p l a y e d by l a b o r a t o r y males under most c i r c u m s t a n c e s , a 

v a l u e f o r the r e g r e s s i o n has not been c a l c u l a t e d . The p l a t e a u phase and 

p a i r e d mean d i f f e r e n c e s o v e r 1-16 days of male age has been c a l c u l a t e d ( t a b l e 



F i g u r e 15. Response of l a b o r a t o r y s t r a i n male Stegobium over 
t h e i r a d u l t l i f e span to a 6 - d a y - o l d v i r g i n female 
e x t r a c t o f both the " w i l d " ( • • ) and 
l a b o r a t o r y s t r a i n s ( ) . 

F i g u r e 16. Response o f " w i l d " and l a b o r a t o r y s t r a i n male Steqobiurn 
o v e r t h e i r a d u l t l i f e span when t e s t e d w i t h a pheromone 
e x t r a c t o f 6 - d a y - o l d l a b o r a t o r y s t r a i n v i r g i n f e m a l e s . 
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F i g u r e 17. Response of " w i l d " s t r a i n male Stegobi urn over t h e i r 
a d u l t l i f e span to a pheromone e x t r a c t of 6 - d a y - o l d 
" w i l d " s t r a i n v i r g i n f e m a l e s . 
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C . Pi s c u s s i o n 

L a b o r a t o r y males d i s p l a y a s l i g h t r e d u c t i o n in response to a " w i l d " 

female e x t r a c t a s compared w i th tha t prepared from l a b o r a t o r y f e m a l e s . T h i s 

s u g g e s t s t h a t " w i l d " females produce e i t h e r reduced q u a n t i t i e s of the 

a t t r a c t a n t , o r perhaps a s l i g h t l y d i f f e r e n t chemica l c o n f i g u r a t i o n of the 

compound reduc ing i t s a t t r a c t i v e p r o p e r t i e s to l a b o r a t o r y m a l e s . However, 

s i n c e the response of " w i l d " males i s g r e a t e r to the l a b o r a t o r y than " w i l d " 

female e x t r a c t , the p o s s i b i l i t y of a q u a n t i t a t i v e d i f f e r e n c e in pheromone 

produc t ion between the two s t r a i n s appears more p r o b a b l e . 

In the s i t u a t i o n where both s t r a i n s of males a r e t e s t e d a g a i n s t the 

l a b o r a t o r y female e x t r a c t ( f i g . 16) the r e s u l t s imply a t rend towards i n c r e a s e d 

s e n s i t i v i t y in l a b o r a t o r y males except o v e r the i n i t i a l 3 -4 days when " w i l d " 

males d i s p l a y a v e r y rap id ra te of i n c r e a s e in response which appears to be 

c h a r a c t e r i s t i c of t h i s s t r a i n . The same phenomenon may be observed in t h e i r 

response to a " w i l d " female e x t r a c t ( f i g . 1 7 ) . Stegobiurn males a r e 

r e p r o d u c t i v e l y mature a t 3 -4 days of age but f e r t i l i t y d e c l i n e s r a p i d l y 

dur ing t h e i r s h o r t a d u l t l i f e span (Azab, 1943 ) , and e a r l y breeding i s an 

obv ious s e l e c t i v e advan tage . In l a b o r a t o r y i n s e c t s , where hazards such a s 

p r e d a t i o n and d i s e a s e a r e l a r g e l y removed, the r e l a t i v e advantage of e a r l y 

breed ing i s reduced because ag ing males w i t h lower m o b i l i t y and f e r t i l i t y 

a r e s t i l l a b l e to f e r t i l i s e f e m a l e s . 

Assuming that " w i l d " males spend a p p r o x i m a t e l y the same per iod in the 

cocoon f o l l o w i n g a d u l t e c l o s i o n as l a b o r a t o r y m a l e s , the former have v e r y 

n e a r l y reached t h e i r maximum response p o t e n t i a l a t emergence on day 4 - 5 a s 

compared w i t h a pe r iod o f 9-10 days in l a b o r a t o r y m a l e s . T h i s a g a i n s t r e s s e s 

the changes in s e l e c t i v e p r e s s u r e s which might be o p e r a t i v e when l a b o r a t o r y 

r e a r i n g of i n s e c t s i s u n d e r t a k e n , and the danger of r e l a t i n g data d i r e c t l y to 

a " w i I d " p o p u l a t i o n . 

Rather than the sex pheromone communication system becoming s u p e r f l u o u s 

to s u c c e s s f u l b reed ing in l a b o r a t o r y c u l t u r e s , i t must be assumed from t h e s e 
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r e s u l t s that both pheromone product ion by females and male r e s p o n s i v e n e s s 
has become i n c r e a s i n g l y important to the s p e c i e s . Females produc ing a more 
potent a t t r a c t a n t might have competed more s u c c e s s f u l l y f o r males s i n c e 
they could be l o c a t e d above the genera l pheromone "background" which must be 
c o n t i n u a l l y p r e s e n t . S i m i l a r l y , males w i th a more a c u t e chemosensory r e c e p t o r 
a p p a r a t u s , a b l e to o r i e n t a t e towards a s i n g l e mature female wi thout c o n f u s i o n 
from the ambient pheromone l e v e l s , a r e l i k e l y to f e r t i l i s e more f e m a l e s . 
R e s p o n s i v e n e s s of i n d i v i d u a l s i s v a r i a b l e a s conc luded from par t G, s e c t i o n IV , 
and h e r i t a b l e as found in the house f l y , Musca domest ica ( L . ) (Cowan and 
Rogof f , 1968) and cou ld thus c o n s t i t u t e a s e l e c t i v e c h a r a c t e r . 

I t cannot be assumed t h a t any " w i l d " p o p u l a t i o n brought in to the ^ 

l a b o r a t o r y would g i v e the same r e s u l t as d e s c r i b e d above . "Wi ld" p o p u l a t i o n s 

have been shown to f l u c t u a t e i n female sex a t t r a c t i v e n e s s f o r no apparent 

r e a s o n . Bobb (1964) d e s c r i b e d t h i s phenomenon in Neodipr ion p r a t t i p r a t t i 

(Dyar) where a rap id p o p u l a t i o n d e c l i n e f o l l o w i n g a major outbreak was 

a t t r i b u t e d to a grea t r e d u c t i o n in female a t t r a c t i v e n e s s . 

A pest s p e c i e s such a s Stegobiurn i s l a r g e l y c o n f i n e d to i n t e r i o r , heated 

p r e m i s e s , a t l e a s t in temperate c l i m a t e s (such a s the bakery from which the 

" w i l d " s t r a i n o r i g i n a t e d ) and might be s u b j e c t to forming smal l i s o l a t e d 

demes. R e s t r i c t e d gene f low might r e s u l t in l o c a l i s e d r a c e s , p a r t i c u l a r l y 

i f c o n d i t i o n s favour r a p i d popu la t ion t u r n o v e r . 

The r e s u l t s would suggest that in a c o n t r o l scheme, a sex pheromone 

b a i t from l a b o r a t o r y females would be more e f f e c t i v e in a t t r a c t i n g " w i l d " 

males than would pheromone from t h e i r own s t r a i n . A l though f i e l d t r i a l s would 

be n e c e s s a r y to con f i rm t h i s a s s u m p t i o n , i t i s thought reasonab le to c o n s i d e r 

l a b o r a t o r y i n s e c t s as r e p r e s e n t a t i v e of " w i l d " b e e t l e s in tha t the sex 

pheromone communication system has become s l i g h t l y exaggerated f o l l o w i n g 

many g e n e r a t i o n s of l a b o r a t o r y r e a r i n g . 
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VI COLLECTION OF PHEROMONE EMITTED BY FEMALE STEGOBIUM BY ADSORPTION FROM 
AN AIR STREAM 

A . I n t r o d u c t i o n 

S o l v e n t e x t r a c t i o n of Steqobiurn females and b i o a s s a y of the e x t r a c t s 

w i t h males prov ided a good compara t ive i n d i c a t i o n of e x t r a c t a b l e pheromone 

content of b e e t l e s of d i f f e r e n t ages ( s e c t i o n I V ) . I t was c o n s i d e r e d 

important to complement t h i s s tudy w i t h in format ion on the r a t e s of e m i s s i o n 

of v o l a t i l e pheromone by females over t h e i r a d u l t l i f e s p a n , w i t h p a r t i c u l a r 

emphasis on pheromone e m i s s i o n dur ing the f i r s t few days f o l l o w i n g a d u l t 

e c l o s i o n w h i l e the female i s s t i l l in the cocoon. B i o a s s a y of 0 - , 1- and 

3 - d a y - o l d females ( s e c t i o n IV) i n d i c a t e d the p r e s e n c e o f pheromone in females 

a t t h i s s tage but c l e a r l y cou ld not r e f l e c t e m i s s i o n r a t e s . Shorey et a l 

(1968) working w i t h s e v e r a l s p e c i e s of noc tu id moths suggested tha t h igh 

pheromone c o n c e n t r a t i o n in the female does not n e c e s s a r i l y imply tha t the 

system i s ready f o r u s e . 

In o r d e r to measure pheromone e m i s s i o n r a t e s in f e m a l e s , the f o l l o w i n g 

t e c h n i q u e was deve loped . An a i r s t ream of known speed was passed o v e r a 

s t a n d a r d number of l i v e females c o n f i n e d in a smal l v e s s e l , and then through 

a f i l t e r paper d i s c which adsorbed m a t e r i a l from the v o l a t i l e e f f l u e n t . 

T h i s method w i l l h e n c e f o r t h be c a l l e d " a i r e x t r a c t i o n " . 

The p r i n c i p l e of a d s o r b i n g v o l a t i l e pheromone from an a i r s t ream has 

been used s u c c e s s f u l l y by Burkholder and D icke (1966) f o r At tagenus meqatoma, 

the c a r p e t b e e t l e , and Trogoderma granar ium. However, most t e c h n i q u e s 

des igned f o r v o l a t i l i s a t i o n of pheromones have i n c o r p o r a t e d e i t h e r a c o l d 

t r a p to condense the v o l a t i l e m a t e r i a l , such as d r y - i c e ( V i t e , Gara and 

K l i e f o t h , 1963; Yamamoto, 1963; F i n d l a y a n d MacDonald, 1966; Dahm, F inn and 

R o l l e r , 1970) ; a d r y - i c e / a l c o h o l mix ture ( T u n s t a l l , 1965; F l e t c h e r , O ' G r a d y , 

C laborn and Graham, 1966); a d r y - i c e / m e t h a n o l mix ture (Happ and Whee le r , 1969); 

l i q u i d oxygen ( K e t t l e w e l l , 1961) o r a f a t o r o t h e r h igh a d s o r p t i o n s u r f a c e 

such a s r e t r o p e r i t o n e a l t a l l o w and m e s e n t e r i c l a r d ( R o l l e r , Biemann, B j e r k e , 
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Norgard and McShan, 1968); carbowax-coated s i l i c a gel (Tumlinson e t a 1, 1968) ; 
a c t i v a t e d c h a r c o a l ( K e l l e r e t a l , 1964 ) . 
B. Methods 

The a p p a r a t u s assembled f o r a i r e x t r a c t i o n of l i v e female Stegobiurn 

comprised a s u c t i o n pump which drew a i r through af i low/meter and t h r e e 

c o n s e c u t i v e chambers ( l - l l l ) as shown in f i g u r e 18. The chambers were 4 cm 

lengths of 17 mm d iameter g l a s s tub ing (approximate volume, 10.5 cm ) , which 

were connected in sequence w i t h 5 cm lengths of 5 mm diameter t u b i n g . 

Chambers I and I I I each con ta ined a 17 mm d iameter c i r c u l a r d i s c cut from 

f i l t e r paper (Whatman grade 1) which was he ld in p o s i t i o n a c r o s s the a p e r t u r e 

of the t u b e , h a l f way a long i t s length by two po ly thene c l o s u r e s , from wh ich 

the s o l i d top had been l a r g e l y removed and which f i t t e d t i g h t l y i n s i d e the 

t u b e , one on e i t h e r s i d e of the d i s c . 

The c e n t r a l chamber ( I I ) con ta ined the exper imenta l females which were 

con f ined by a s i n g l e t h i c k n e s s of medical w iper t i s s u e he ld over the open ends 

of the c o n n e c t i n g t u b i n g . 

An a i r f l o w of 1 - 0.1 1/min was passed over 25 females f o r one hour . 

P r e l 7iiii nary exper iments r e v e a l e d tha t t h e s e l e v e l s y i e l d pheromone impregnated 

d i s c s which e l i c i t a response o f a t l e a s t 50% from 1 0 - d a y - o l d m a l e s . 

C o l l e c t i o n of v o l a t i l e m a t e r i a l from females as d e s c r i b e d above was not 

c a r r i e d out i n the r e a r i n g i n s e c t a r y , but in a smal l room in a n o t h e r par t of 

the b u i l d i n g . T h i s was mainta ined a t 24°C and approx imate ly 4-3% r . h . and 

housed no i n s e c t s o r o t h e r a n i m a l s . A l though not a good s i m u l a t i o n of 

i n s e c t a r y c o n d i t i o n s , t h i s room was c o m p l e t e l y f r e e from Stegobiurn pheromone 

c o n t a m i n a t i o n , which was f u r t h e r ensured by d i r e c t i n g the ou t f low from the 

s u c t i o n pump by po ly thene tub ing to an e x t r a c t i o n f a n . The i n s e c t s were kept 

in the r e a r i n g i n s e c t a r y a t a l l t imes o t h e r than dur ing p r e p a r a t i o n o f a i r 

e x t r a c t d i s c s . Immediately a c o l l e c t i o n p e r i o d was f i n i s h e d , both f i l t e r 

paper d i s c s (from chambers I and I I I ) were t r a n s f e r r e d to s e p a r a t e p r e - c o o l e d , 

d r y , we 11 -s toppered tubes and s t o r e d a t -15°C u n t i l b i o a s s a y . T h i s was never 



F i g u r e 18. Diagram of the appara tus used to c o l l e c t pherpmone from 
l i v e female Stegobi um. £n a i r f low was mainta ined by 
the s u c t i o n pump a t 1.0 - 0.1 1/min and monitored by 
the f low meter . The c o n t r o l and exper imenta l d i s c s 
were Whatman Grade 1 f i l t e r paper . The broken l i n e s in 
chamber I I r e p r e s e n t a s i n g l e t h i c k n e s s of medical 
w iper t i s s u e used to c o n f i n e the f e m a l e s . Diagram 
not to s c a l e . 
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more than one week a f t e r c o l l e c t i o n and much l e s s than t h i s when p o s s i b l e . 
P r e l i m i n a r y exper iments gave no i n d i c a t i o n of a p p r e c i a b l e l o s s of a t t r a c t i v e n e s s 
of the d i s c s over the b i o a s s a y p e r i o d , a l though once t e s t e d , a s i n g l e d i s c 
was not s t o r e d f o r r e t e s t i n g a t a l a t e r d a t e . 

A l l g l a s s w a r e and po ly thene c l o s u r e s were soaked in 5% "Decon" f o r 2k h 

a f t e r each a i r e x t r a c t i o n , and a f t e r thorough r i n s i n g , d r i e d and heated f o r 

one hour a t 8 0 ° C . I t had been d i s c o v e r e d e a r l i e r tha t the po ly thene c l o s u r e s 

i n p a r t i c u l a r adsorb and r e t a i n the sex a t t r a c t a n t d e s p i t e washing w i t h hot 

w a t e r and a r e g u l a r l i q u i d d e t e r g e n t . 

A s e r i e s of e x p l o r a t o r y exper iments performed d u r i n g the development of 

the a i r e x t r a c t i o n t e c h n i q u e had i n d i c a t e d a s o u r c e of c o n t a m i n a t i o n . 

Dur ing a t e s t - r u n of the a p p a r a t u s wi thout females i n chamber I I , males 

responded to the d i s c from chamber I I I , but not to that from chamber I . T h i s 

exc luded the p o s s i b i l i t y of contamina t ion from the room. A l l the components 

of the assembly were soaked i n d i v i d u a l l y in a smal l q u a n t i t y of d i e t h y l e t h e r 

and l e f t o v e r n i g h t . P r o c e s s of e l i m i n a t i o n f o l l o w i n g b i o a s s a y of each e x t r a c t 

i m p l i c a t e d the po ly thene c l o s u r e s as the major s o u r c e of c o n t a m i n a t i o n . They 

were found to be s a t u r a t e d w i t h pheromone, e l i c i t i n g o v e r 70% p o s i t i v e response 

from m a l e s . The c l o s u r e s were soaked in 5% "Decon" f o r 2k h and e x t r a c t e d 

i n e t h e r f o r a second t i m e . Subsequent b i o a s s a y of t h i s e x t r a c t r e v e a l e d 

no remaining pheromone a c t i v i t y . 

Female pupae were c o l l e c t e d in v e r y great numbers so that a t the peak 

o f the e c l o s i o n p e r i o d , a l a r g e p ropor t ion of a d u l t s would be e c l o s i n g 

s y n c h r o n o u s l y . A d u l t s were removed immediately a f t e r e c l o s i o n w h i l e the 

a d u l t c u t i c l e was s t i l l comple te ly p a l e (0 days o l d ) . At l e a s t 50 females 

were c o l l e c t e d as they e c l o s e d between 08 .00 h and 09 .00 h on the morning 

on which a s e r i e s of a i r e x t r a c t i o n s was to b e g i n . T h i s a l l o w e d dy ing females 

from the group of 25 to be r e p l a c e d w i t h o t h e r s o f e x a c t l y the same age d u r i n g 

the c o u r s e of the e x p e r i m e n t s . I t was presumed tha t replacement i n s e c t s would 

emit pheromone a t the same r a t e a s the remainder of the group. Al though i t 
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o c c u p i e s o n l y 1-2 h of each day , the a i r e x t r a c t i o n p r o c e s s might i n f l u e n c e 
pheromone e m i s s i o n by i n c r e a s i n g the e v a p o r a t i o n r a t e from f e m a l e s . T h i s 
might d e p l e t e t h e i r r e s e r v e s to a g r e a t e r e x t e n t than those of females not 
p r e v i o u s l y exposed to an a i r s t r e a m . Shorey and Gaston (1965b) f o r c e d 
T r i c h o p l u s i a ni females to emit pheromone i n an a i r f low f o r 30 min . I t was 
c a l c u l a t e d tha t 24% of the t o t a l pheromone content of the females should 
t h e o r e t i c a l l y have been r e l e a s e d a s a r e s u l t of t h i s t r e a t m e n t , but subsequent 
s o l v e n t e x t r a c t i o n of the pheromone gland i n d i c a t e d no d e t e c t a b l e l o s s . These 
workers suggested tha t rap id s y n t h e s i s of pheromone, o r c o n v e r s i o n of 
pheromone p r e c u r s o r s to pheromone might r e p l a c e l o s s a s i t o c c u r r e d . A 
comparable t e s t was not performed on Stegobium but replacement of females 
was c o n s i d e r e d to be a l e s s e r source of e r r o r than a l l o w i n g the t e s t females 
to d e c r e a s e in number. 

T w e n t y - f i v e 0 - d a y - o l d females were a i r e x t r a c t e d for one hour beginning 

a t 09 .00 h and s u b s e q u e n t l y a t 12-h i n t e r v a l s up to day s i x and a t 2k-h 

i n t e r v a l s t h e r e a f t e r . 

The e f f e c t o f mating upon female pheromone e m i s s i o n was i n v e s t i g a t e d 

by means of the f o l l o w i n g exper iment . A group of 50 females were kept w i t h 

males ( i n groups of two of each sex ) f o r t h e i r f i r s t 6 days of a d u l t l i f e , 

by which t ime c o p u l a t i o n was assumed to have o c c u r r e d . The females were 

s e p a r a t e d from the males a t 08 .30 h on day s i x and a i r - e x t r a c t e d a t 09 .00 h. 

Subsequent e x t r a c t i o n s were c a r r i e d out e v e r y 2k h u n t i l l e s s than 25 females 

remai ned a 1i v e . 

I n d i v i d u a l females of a second group were p l a c e d w i t h a male on day f i v e 

from 0 9 . 0 0 - 1 2 . 0 0 h. Only females observed to c o p u l a t e f o r a p e r i o d o f a t 

l e a s t 20 min were c o n s i d e r e d mated. These females were a l s o a i r - e x t r a c t e d 

on day s i x a t 09 .00 h and a t 2k-\\ i n t e r v a l s t h e r e a f t e r ; 

In o r d e r to prov ide a d d i t i o n a l in fo rmat ion about the e f f i c i e n c y o f the 

a i r e x t r a c t i o n t e c h n i q u e , t h r e e s h o r t t e s t s were c a r r i e d o u t . A group of 

t w e n t y - f i v e 1 0 - d a y - o l d females were a i r - e x t r a c t e d f o r one hour in a modi f ied 

appara tus w i th two a d d i t i o n a l chambers (numbered IV and V ) . Secondly a two-
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hour e x t r a c t i o n of t w e n t y - f i v e 8 - d a y - o l d females and t h i r d l y , a one-hour 

e x t r a c t i o n of f i f t y 1 0 - d a y - o l d females were a l s o performed. 

The males used f o r b i o a s s a y of the a i r e x t r a c t i o n d i s c s were predominant ly 

10 days o l d , but 11 to 1 3 - d a y - o l d males were used when n e c e s s a r y to make up 

numbers. P r a c t i c a l d i f f i c u l t i e s were i n v o l v e d in s e x i n g pupae in s u f f i c i e n t 

numbers to supp ly males of a p a r t i c u l a r age on a s e r i e s of days d u r i n g the 

b i o a s s a y t e s t p e r i o d . A minimum of 100 males was used to t e s t each p a i r o f 

d i s c s , the procedure being e x a c t l y a s f o r e t h e r e x t r a c t b i o a s s a y , w i t h the 

f i l t e r paper d i s c s from chambers I I I and I r e p l a c i n g the 10 ^il sample of 

female e t h e r e x t r a c t and pure e t h e r c o n t r o l d i s c s r e s p e c t i v e l y . 

T a b l e 10 shows the complete r e s u l t s of the b i o a s s a y exper iments f o r the 

a i r e x t r a c t i o n e x p e r i m e n t s . 

C . R e s u l t s and D i s c u s s i o n 

(a) Vi rgi n females 

F i g u r e 19 shows the percentage response of 10 to 13 -day -o ld males to 

a i r e x t r a c t d i s c s prepared from a group o f 25 v i r g i n females o v e r t h e i r a d u l t 

l i f e s p a n . A v e r y rap id i n c r e a s e in female pheromone e m i s s i o n was i n d i c a t e d 

by male response to 2 to 3 - d a y - o l d female a i r e x t r a c t s , r i s i n g from zero to 

a lmost 60% male r e s p o n s e . A f a i r l y c o n s t a n t l e v e l o f male response was 

e l i c i t e d by a i r e x t r a c t s from k to 1 7 - d a y - o l d f e m a l e s , the mean l e v e l reach ing 

about 76%. A i r e x t r a c t s from o l d e r females became l e s s a t t r a c t i v e to m a l e s . 

L e s s than 25 females s u r v i v e d beyond 2k days of a g e . 

The smal l premature peak in male response to the a i r e x t r a c t o f 1 2 - h o u r - o l d 

females was q u e s t i o n e d and in c a s e of exper imenta l e r r o r o r c o n t a m i n a t i o n , the 

exper iment was repeated w i t h two f u r t h e r groups of females monitored o n l y over 

the f i r s t pa r t of t h e i r a d u l t l i f e (0-10 d a y s ) . F i g u r e 19 i n c l u d e s t h e s e t e s t s , 

one of which showed a 5% male response to the e x t r a c t e d pheromone output of 12-

h o u r - o l d f e m a l e s , but the o t h e r showed none. The p o s s i b i l i t y of 1 2 - h o u r - o l d 

females r e l e a s i n g smal l q u a n t i t i e s of pheromone cannot be d i s c o u n t e d . In 

most o t h e r r e s p e c t s , the two d u p l i c a t e exper iments conf i rmed the t r e n d 
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Tab le 10. Percentage response of males to a i r e x t r a c t d i s c s prepared from 
females over t h e i r a d u l t l i f e s p a n . 

Ai r E x t r a c t s : 

sex : ? ? ¥ ? ? ¥ ? ¥ 

mating s t a t u s : V V V m* 1 - 6 ) m ( 5 ) 
m V V V 

no. e x t r a c t e d : 25 25 25 25 25 25 50 25 
e x t r ' n p e r i o d : lh lh lh lh lh 2h lh lh 

o t h e r d e t a i 1 s : 1 I 1 IV 

age: 0 1.6 0 . 9 0 .0 
1 
2 3 1 . 6 k.S 0.0 

1 7 .0 0 .0 0 .0 

2 .0 1.9 1 .0 

2 0 .0 1.0 2 .0 

2 * 12.6 7.7 -
3 5 7 . 8 20 .3 1.0 

32" 66 .0 7 3 . 6 3.1 

4 74 .3 74 .0 56 .9 

4 * 68 .3 6 9 . 9 58 .0 

5 7 2 . k 66 .7 66 .0 

5k 80.2 - -
6 8 0 . 6 6 1 . 6 6 8 . 5 1.6 2 .0 

7 80 .3 66 .3 - 50 .0 6 4 . 4 

8 68 .7 - 6 9 . 6 3 .8 8.0 8 4 . 4 

9 80 .0 5 8 . 6 - 69 .3 55 .0 

10 72 .2 6 6 . 9 53.2 4 6 . 4 4 9 . 5 57.0 

11 77 .2 46.1 47 .0 

12 7 7 . 6 16.1 49 .0 

13 7 8 . 6 4 0 . 5 -
14 - 4 9 . 5 50 .0 

15 76 .2 4 7 . 3 6 8 . 3 53 .8 62 .3 

16 - - 55.0 

17 7 8 . 4 1.9 3 0 . 8 

18 -
19 6 1 . 9 

20 

21 -
22 62.1 

23 -
24 2 0 . 5 

mj^r males kept w i t h females f o r days 1-6 of a d u l t l i f e ; I I I , IV & V: chambers 
m' ' : males c o p u l a t e d w i t h females on day 5 ( s e e t e x ! ? r ' e S 



F i g u r e 19. Pheromone e m i s s i o n from v i r g i n female Stegobiurn as 
a s s e s s e d by the response of 10 to 13 -day -o ld males to 
a i r e x t r a c t s (see t e x t ) . Three groups o f 25 females 
were a i r e x t r a c t e d ; one group over t h e i r e n t i r e a d u l t 
l i f e span ( s o l i d l i n e ) and a f u r t h e r two groups , from 
0-10 days i n c l u s i v e (broken and dot ted l i n e s ) . For 
c o m p a r i s o n , the p l a t e a u response l e v e l of males to 
d i e t h y l e t h e r e x t r a c t s o f v i r g i n females of c e r t a i n 
age groups i s inc luded ( • • ) . 
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o u t l i n e d above , w i t h a c o n s i s t e n t h igh percentage of male response to a i r 

e x t r a c t s from 4 - d a y - o l d females and above , preceded by a v e r y rap id i n c r e a s e 

in female e m i s s i o n . A c t u a l t im ing and response l e v e l s v a r i e d s l i g h t l y ( t a b l e 1 1 ) . 

T a b l e 11 S e p a r a t i o n of the main phases of Stegobiurn female pheromone e m i s s i o n 
over the a d u l t l i f e span in the t h r e e s e t s of 25 v i r g i n females 
s t u d i e d by the a i r e x t r a c t i o n t e c h n i q u e . 

female 
group 

1 i t t l e o r no 
pheromone 
em? s s i o n 

rap id i n c r e a s e 
in e m i s s i o n 
r a t e 

maxi mum 
emi s s i o n 
r a t e 
reached 

p l a t e a u 

% male 
response a t 
p l a t e a u 
m - SE 

1 days 0-2 days 2-3 day 4 days 4 - J 7 76.1 - 0.31 

2 1 1 0-2 " 2^-3i- " Ik " 3 ? - 1 0 * 67 .2 - 0 .72 

3 " 0-3 " 3-4 " 5 " 5 - 1 0 * 62 .0 - 1.25 

" female groups 2 and 3 o n l y a i r e x t r a c t e d up to 10 days of age 

A group of 25 females i s probably not l a r g e enough to e l i m i n a t e a l l e f f e c t s 

of i n d i v i d u a l v a r i a t i o n which might account f o r t h e s e d i f f e r e n c e s . Sower, 

Shorey and Gaston (1972) found that i n d i v i d u a l pheromone r e l e a s e r a t e s of 

T r i c h o p l u s i a ni v a r i e d from l e s s than 1 to more than 21 ng /min . 

L e a v i n g a s i d e f o r the moment the unconfirmed male response to 

12 -hour -o ld f e m a l e s , the above r e s u l t s may be compared w i t h those from the 

d i e t h y l e t h e r e x t r a c t s of Stegobiurn. I t should be s t r e s s e d tha t male response 

v a l u e s cannot be compared d i r e c t l y , due to the d i f f e r e n t methods of pheromone 

c o l l e c t i o n employed. However, i t i s p o s s i b l e to deduce from t h e s e two s e t s 

o f r e s u l t s , an o v e r a l l p i c t u r e of the r e l a t i o n s h i p between female pheromone 

content and e m i s s i o n . I t i s apparent tha t the ra te of pheromone r e l e a s e from 

l i v e females was f a r more rap id than the ra te of i n c r e a s e in pheromone content 

( f i g . 1 9 ) . A l though not c o n f i r m e d , i t i s thought u n l i k e l y that e t h e r 

e x t r a c t a b l e pheromone d e c r e a s e s between days 1 and 3 . I t can be assumed, 

t h e r e f o r e , tha t s y n t h e s i s and s t o r a g e o f sex a t t r a c t a n t i n the female b u i l t 

up to a maximum over days 0 -6 a l though s y n t h e s i s may w e l l begin p r i o r to 
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e c l o s i o n . However, maximum pheromone output was reached between days 2 and 

k, the main phase of t h i s i n c r e a s e o c c u r r i n g o v e r a 12 to 2k h p e r i o d . 

Pheromone product ion (or a t l e a s t s y n t h e s i s of p r e c u r s o r s u b s t a n c e s ) 

might o c c u r dur ing the pupal s tage as has been demonstrated by S t e i n b r e c h t 

(196*0 in the s i l k w o r m , Bombyx mori L . However, n e i t h e r the s m a l l e r tea 

t o r t r i x moth, Adoxophyes f a s c i a t a (Nagata et a 1 , 1972) nor the n o c t u i d moth 

T r i c h o p l u s i a ni (Shorey and G a s t o n , 1965) showed any pheromone a c t i v i t y in 

s o l v e n t e x t r a c t s of pupae. 

As measured by the a i r e x t r a c t method, pheromone e m i s s i o n i n Stegobium 

females i n c r e a s e d r a p i d l y , the maximum c o i n c i d i n g w i t h the pe r iod immediate ly 

p r i o r to emergence from the cocoon on day k-5 ( f i g . 1 9 ) . Pheromone content 

of females a l s o i n c r e a s e d o v e r t h i s p e r i o d , but maximum pheromone content 

seems de layed by about two days a f t e r the a t ta inment of maximum r e l e a s e r a t e . 

Once the l a t t e r reached a f a i r l y c o n s t a n t l e v e l , f u r t h e r s y n t h e s i s in e x c e s s 

of e m i s s i o n probably r e s u l t e d in the f a i r l y s t a b l e l e v e l o f pheromone content 

o b s e r v e d , r e p l a c i n g the a t t r a c t a n t as i t i s l o s t d u r i n g e m i s s i o n . 

In L e p i d o p t e r a , pheromone r e l e a s e can be more e a s i l y monitored s i n c e 

a c h a r a c t e r i s t i c c a l l i n g a t t i t u d e i s assumed whereby the pheromone s e c r e t i n g 

g l a n d , o r r e s e r v o i r i s e v e r t e d . Lawrence and B a r t e l l (1972) found that i n 

the l i g h t brown a p p l e moth, Ep iphyas p o s t v i t t a n a , pheromone c o n t e n t , a s shown 

by male response to s o l v e n t e x t r a c t s , i n c r e a s e d a s c a l l i n g became l e s s 

f r e q u e n t . Females of t h i s moth a l s o demonstrated a d e l a y in maximum content 

l e v e l s , which were reached a few days a f t e r peak c a l l i n g i n t e n s i t i e s were 

d i s p l a y e d . Two hours c a l l i n g r e s u l t e d in a r e d u c t i o n of pheromone content 

to about 20% which was thought to e x p l a i n the reduced response l e v e l s e l i c i t e d 

by e x t r a c t s of moths a f t e r c a l l i n g . 

In 17 to 2 4 - d a y - o l d Stegobium f e m a l e s , the r a t e of sex pheromone e m i s s i o n 

f e l l q u i t e r a p i d l y ( f i g . 19) which might account f o r the s u r p r i s i n g l y high male 

response l e v e l s ob ta ined w i t h e t h e r e x t r a c t s of 2 3 - d a y - o l d f e m a l e s . 

R e t u r n i n g to the p o s s i b i l i t y of a b u r s t of pheromone r e l e a s e in 1 2 - h o u r - o l d 
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females as i m p l i c a t e d in f i g u r e 19» the mechanism o f such a phenomenon might 
be r e l a t e d to the s t r u c t u r a l p r o p e r t i e s of the c u t i c l e p r i o r to t a n n i n g . 
Before t h i s p r o c e s s i s complete (which i s dependent upon the neuroendocr ine 
system and not mere ly a i r - e x p o s u r e ) i t i s c o n c e i v a b l e that some pheromone, 
known to be p r e s e n t a t t h i s t i m e , " l e a k s " through the s o f t p r o t e i n of the 
integument . In Steqobiurn, t a n n i n g , a s r e f l e c t e d by c u t i c l e d a r k e n i n g , i s 
u s u a l l y a t an advanced s tage by day 1, but incomplete a t 12 h o f a d u l t 

age a f t e r e c l o s i o n . Exposure to an a i r f l o w might enhance t h i s escape o f 

pheromone a s females normal ly occupy the cocoon a t t h i s s t a g e . For the same 

r e a s o n , t h e r e would appear to be no s e l e c t i v e d isadvantage in t h i s premature 

r e l e a s e of pheromone, s i n c e females a r e u n l i k e l y to a t t r a c t males a s a r e s u l t , 

(b) Mated females 

The response of males to a i r e x t r a c t s from l i v e females monitored a f t e r 

mating was v e r y i r r e g u l a r but remarkably c o n s i s t e n t between m a t e r i a l from 

the two groups o f females b i o a s s a y e d . I t can be seen from f i g u r e 20 t h a t in 

both c a s e s , pheromone e m i s s i o n on day 6 was n e g l i g i b l e , and probably was so 

on the p r e c e d i n g days w h i l e the females were s t i l l in c o n t a c t w i t h m a l e s . 

However, on f o l l o w i n g d a y s , r e l e a s e r a t e s o s c i l l a t e d between the l e v e l s expected 

f o r v i r g i n females and a lmost zero pheromone r e l e a s e . Mated females d i e d 

between 15 and 17 days of age and t h i s was preceded by a per iod of more e r r a t i c 

pheromone e m i s s i o n and l e s s synchrony between the two groups of females ( f i g . 

2 0 ) . 

Pheromone content o v e r t h i s pe r iod a s a s s e s s e d by o n l y t h r e e e t h e r 

e x t r a c t s of 6 - , 12 - and 16 -day -o ld females ( s e c t i o n IV) showed a f a i r l y 

s t e a d y d e c l i n e a s r e f l e c t e d by male response p l a t e a u means to the e t h e r 

e x t r a c t s , which f e l l from about 90-50% ( a l s o p l o t t e d on f i g u r e 2 0 ) . 

The above r e s u l t s w i l l be d i s c u s s e d in g r e a t e r d e t a i l in the f i n a l 

d i s c u s s i o n ( s e c t i o n I X , par t C ( c ) ) in c o n j u n c t i o n w i t h the r e s u l t s of the 

o v i p o s i t i o n s t u d i e s ( s e c t i o n V I I ) . In b r i e f , i t i s thought tha t pheromone 

e m i s s i o n i s probably i n h i b i t e d by e g g - l a y i n g , and the e x c e p t i o n a l degree of 



F i g u r e 20 . Pheromone e m i s s i o n from mated female Stegobi um as a s s e s s e d 
by the response of 10 to 13 -day -o ld males to a i r e x t r a c t s . 
Two groups of 25 mated females were a i r e x t r a c t e d on 
days 6-17 i n c l u s i v e . The s o l i d l i n e r e p r e s e n t s male 
response to female a i r e x t r a c t s , prepared from females 
which had been kept w i t h males from days 1-6 , and the 
broken l i n e r e p r e s e n t s females which were observed to 
c o p u l a t e on day 5 . F o r compar ison , the p l a t e a u response 
l e v e l o f males to d i e t h y l e t h e r e x t r a c t s of mated females 
of 6 , 12 and 16 days o l d i s i n c l u d e d ( • • ) . 
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synchrony between the i n d i v i d u a l s and groups r e s u l t s from females be ing 
p laced toge ther in s i n g l e l a r g e groups a f t e r s e p a r a t i o n from m a l e s . I t has 
been demonstrated by the a i r e x t r a c t i o n t e c h n i q u e , t h a t c o n t r o l of pheromone 
r e l e a s e i s p o s s i b l e d e s p i t e the p r e s e n c e of h igh l e v e l s of pheromone in the 
body. 

S e v e r a l o t h e r s t u d i e s p rov ide examples of mating i n t e r r u p t i n g pheromone 

r e l e a s e . C a l l i n g i n t e n s i t y of the Ind ian meal moth, P l o d i a i n t e r p u n c t e l l a , 

was g r e a t l y reduced f o l l o w i n g c o p u l a t i o n (Brady and Smi thwick , 1968) and 

mated female c o d l i n g moths, L a s p e y r e s i a pomone11a T in t r a p s r e t a i n e d a lmost 

no a t t r a c t i o n to males (Howell and Thorp , 1972 ) . The mealworm, Tenebr io 

m o l i t o r t d e m o n s t r a t e d synchrony of female pheromone e m i s s i o n f o l l o w i n g m a t i n g , 

the drop in r e l e a s e c o r r e l a t i n g w i t h the o n s e t of o v i p o s i t i o n (Happ and 

Whee le r , 1969 ) . 

(c ) E f f i c i e n c y of the a i r e x t r a c t i o n t e c h n i q u e 

Tab le 10 i n c l u d e s the r e s u l t s of the t h r e e t e s t s des igned to g i v e some 

i n d i c a t i o n of the e f f i c i e n c y of the a i r e x t r a c t method of pheromone c o l l e c t i o n . 

On a d d i t i o n of a f u r t h e r two chambers to the sequence ( IV and V) the r e s u l t i n g 

d i s c s from t h e s e chambers were on ly s l i g h t l y l e s s a t t r a c t i v e than the d i s c 

from chamber I I I , and t h e r e was no i n d i c a t i o n of g r a d a t i o n of a t t r a c t i v e n e s s . 

I t would appear tha t an e q u i l i b r i u m i s s e t up whereby the pheromone i s 

adsorbed on to the f i l t e r paper d i s c , to become r e v o l a t i 1 i s e d in the a i r f l o w , 

t h i s p r o c e s s be ing repeated in each chamber. When a normal three-chambered 

system was l e f t e x t r a c t i n g f o r two hours i n s t e a d of o n e , male response to 

the d i s c from chamber I I I i n c r e a s e d to about 84%, compared w i th about 69% 

male response to comparable a i r e x t r a c t d i s c s from a 1 hour e x t r a c t i o n ( t a b l e 

1 0 ) . T h i s might suggest that the e q u i l i b r i u m p r o c e s s d e s c r i b e d above i s 

p r o g r e s s i v e and c u m u l a t i v e . 

F i f t y females were e x t r a c t e d in an a i r f l o w f o r one hour , and male 

response to the r e s u l t i n g d i s c was found to be no h i g h e r than i f o n l y 25 females 

had been p r e s e n t ( t a b l e 1 0 ) . The q u a n t i t y of pheromone d e p o s i t e d on the 
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f i l t e r paper d i s c might thus be more d i r e c t l y a f f e c t e d by t i m e , than the 

number of females in the c e n t r a l chamber. 
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V I I REPRODUCTIVE DEVELOPMENT IN FEMALE STEGOBIUM: MATURATION, COPULATION 
AND OVIPOSITION 

A . I n t r e d u c t i o n 

The r o l e of the sex pheromone i s to b r i n g the sexes together a t a t ime 

a p p r o p r i a t e f o r s u c c e s s f u l c o p u l a t i o n , and thus a c l o s e temporal r e l a t i o n s h i p 

between the peak of female a t t r a c t i v e n e s s and ovary matura t ion might be 

a n t i c i p a t e d . Such s y n c h r o n i s a t i o n has been demonstrated in most s p e c i e s 

s t u d i e d in t h i s c o n t e x t . T h i s may be i l l u s t r a t e d by r e f e r e n c e to a few 

examples . Female Lasioderma s e r r i c o r n e become r e c e p t i v e to m a l e s , the o v a r i e s 

mature and maximum pheromone product ion a c h i e v e d , a l l between k-6 days of 

age ( C o f f e l t and B u r k h o l d e r , 1973) . Ep iphyas p o s t v i t t a n a females reached 

t h e i r h ighes t l e v e l o f mature eggs per o v a r i o l e a t k days of a g e , c o i n c i d e n t 

w i t h maximum pheromone output (Lawrence and B a r t e l l , 1972 ) . Happ, Schroeder 

and Wang (1970) found in Tenebr io mo 1i t o r , that o o c y t e length and e m i s s i o n of 

the sex a t t r a c t a n t i n c r e a s e d in p a r a l l e l over the f i r s t 7-10 days a f t e r 

emergence. In a s tudy of seven s p e c i e s of n o c t u i d moths, S h o r e y , McFar land 

and Gaston (1968) demonstrated c l o s e synchrony of sex pheromone p r o d u c t i o n , 

ovary matura t ion and mating r e c e p t i v i t y w i t h i n the f i r s t 1-2 days a f t e r 

emergence. 

I t was c o n s i d e r e d an important par t o f t h i s study to r e s o l v e t h e s e a s p e c t s 

o f the r e p r o d u c t i v e c y c l e in Stegobi um, a l though o n l y a b r i e f i n v e s t i g a t i o n 

was p o s s i b l e . D e t a i l e d work on many a s p e c t s o f development , f e c u n d i t y and 

o v i p o s i t i o n i n Stegobium was completed by Azab ( 1 9 ^ 3 ) . S i n c e r e a r i n g 

c o n d i t i o n s cannot be e x a c t l y d u p l i c a t e d , and p r e c i s o n in t iming of even ts was 

r e q u i r e d from t h i s s t u d y , A z a b ' s o v i p o s i t i o n exper iments were repeated in 

the p r e s e n t work, w i t h some m o d i f i c a t i o n s , and indeed s l i g h t d i f f e r e n c e s in 

the r e s u l t s were found. 

The female r e p r o d u c t i v e system of Stegobi um has been d e s c r i b e d , and 

s t a g e s of development d e t a i l e d by M e t c a l f e ( 1 9 3 2 ) , Kashef (1956) and Monteiro 

(1957) but between t h e s e works t h e r e a r e some d i s c r e p a n c i e s which w i l l 
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h o p e f u l l y be r e s o l v e d below. E x t e r n a l g e n i t a l i a of both sexes have been 

d e s c r i b e d in d e t a i l by Muker j i ( 195*0 . 

B. The female r e p r o d u c t i v e system of Stegobi urn 

As in most C o l e o p t e r a of the s u b - o r d e r Po lyphaga , the o v a r i e s o f Stegobiurn 

a r e t e l o t r o p h i c : the nurse c e l l s a r e con f ined to the germarium loca ted a t 

the apex of each o v a r i o l e . Long n u t r i t i v e cords connect the n u r s e c e l l s 

to the o o c y t e s dur ing t h e i r e a r l y s t a g e s of development . T e l o t r o p h i c o v a r y 

s t r u c t u r e has been d e s c r i b e d by Schlot tman and Bonhag ( 1 9 5 6 ) , Imms ( 1 9 5 7 ) , 

Bonhag (1958) and Wigglesworth (1972) amongst many o t h e r a u t h o r s . 

F i g u r e 21 shows the female r e p r o d u c t i v e system of Stegobi urn, drawn from 

a f r e s h l y k i l l e d spec imen. The s t r u c t u r a l arrangement shown here i s , f o r 

the most p a r t , in agreement w i t h that d e p i c t e d by M e t c a l f e ( 1 9 3 2 ) , Kashef 

(1956) and Monteiro ( 1 9 5 7 ) . a l though the abdominal nerve mass ( f i g . 21) was 

i n c l u d e d by Kashef (1956) a s an a c c e s s o r y gland of the r e p r o d u c t i v e s y s t e m , 

s i t u a t e d a t the j u n c t i o n of the two l a t e r a l o v i d u c t s . Indeed , t h i s s t r u c t u r e 

i s d e c e p t i v e , s i n c e no a n t e r i o r nervous connec t ion can be seen when the 

r e p r o d u c t i v e system i s s imply removed from the abdominal c a v i t y . The nerves 

rami fy ing from i t s base a r e ex t remely f i n e except f o r a p a i r of nerves 

(omit ted by K a s h e f ) which supply the muscle a t t a c h e d to the base of the 

o v i p o s i t o r . The muscle i s i n s e r t e d on the c h i t i n o u s rod which i s used to 

e v e r t the o v i p o s i t o r d u r i n g o v i p o s i t i o n . The bursa c o p u l a t r i x i s l a r g e and 

m u s c u l a r , which i s c h a r a c t e r i s t i c of the Anob i idae ( S u r t e e s , 1961) and i t g i v e s 

r i s e a t i t s base to a f i n e duct from which two b l i n d - e n d i n g s a c s of i r r e g u l a r 

and v a r i a b l e shape , the spermatheca and the sperma t h e c a l g l a n d , branch ( f i g . 2 1 ) . 

The v a g i n a l pouch c o n t a i n s the mycetome r e s e r v o i r , o r s y m b i o t i c y e a s t s 

which a r e d e p o s i t e d on to the s u r f a c e o f the eggs a s they a r e l a i d , and 

t r a n s f e r r e d to the young l a r v a a s i t e a t s the s h e l l a t emergence ( B r e i t s p r e c h e r , 

1 9 2 8 ) . 

C . Ovary development 

In o r d e r to study the t iming of matura t ion of the female r e p r o d u c t i v e 

system in Stegobi urn, both d i s s e c t i o n of f e m a l e s , and h i s t o l o g i c a l s e c t i o n i n g 



F i g u r e 2 1 . The r e p r o d u c t i v e system of female Steqobium drawn 
from a f r e s h l y k i l l e d and d i s s e c t e d 8 - d a y - o l d v i r g i n 
fema le . 

ag = a c c e s s o r y gland 
be = bursa c o p u l a t r i x 

c = ca l y x 
c r = c h i t i n o u s rod 
em = o v i p o s i t o r e v e r t o r muscle 

9 = germari urn 
mo = mature oocyte. 
mr = mycetome r e s e r v o i r 
nm = abdominal nerve mass 

o = ovi posi t o r 
od = ovi duct 
ov o v a r i o l e 
sp = spermatheca 
t f = termi na1 f i l a m e n t 
vp = v a g i n a l pouch 
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were performed w i t h females a t v a r i o u s s t a g e s of o v a r i a n development, 

(a) D i s s e c t i o n of o v a r i e s 

Females o f known age were k i l l e d and s t o r e d in 70% a l c o h o l u n t i l d i s s e c t i o n . 

The f o l l o w i n g techn ique proved the most s u c c e s s f u l f o r removing the e n t i r e 

r e p r o d u c t i v e system from Stegobium. T h i s s p e c i e s being r a t h e r s m a l l , the 

procedure was bes t c a r r i e d out beneath a X10 b i n o c u l a r m i c r o s c o p e . With the 

a i d of f i n e need les and f o r c e p s , the head and thorax were p u l l e d away, 

b r i n g i n g w i t h them the wings and e l y t r a and the a n t e r i o r par t o f the 

a l i m e n t a r y c a n a l . The remaining abdomen was p l a c e d on a s l i d e in a drop of 

w a t e r . The v e n t r a l abdominal c u t i c l e was c a r e f u l l y removed by p e e l i n g away 

each s t e r n a l s c l e r i t e in t u r n , expos ing the i n t e r n a l abdominal t i s s u e s . The 

water was removed and the specimen bathed in methylene b lue fo r 5 min to 

e a s e i d e n t i f i c a t i o n of p a r t s of the r e p r o d u c t i v e s y s t e m , the l a t t e r t a k i n g 

up the s t a i n more r a p i d l y than the f a t body. The s t a i n was removed by means 

of f i l t e r paper and rep laced w i t h w a t e r . Fa t body was teased away from the 

o v a r i e s and o t h e r p a r t s of the s y s t e m , which were u s u a l l y c l e a r l y r e c o g n i s a b l e 

a t t h i s s t a g e . The o v i p o s i t o r was severed from the te rmina l abdominal c u t i c l e , 

and the r e p r o d u c t i v e system p u l l e d c l e a r in i t s e n t i r e t y from the remains of 

the abdomen. Measurements of c e r t a i n p a r t s of the ovary were made by means 

of an e y e p i e c e g r a t i c u l e in the m i c r o s c o p e , and the u n i t s conver ted to 

m i l l i m e t r e s u s i n g a c a l i b r a t i o n s l i d e . F i g u r e 22 shows the major s t a g e s 

through which ovary matura t ion p a s s e s , a s seen dur ing the d i s s e c t i o n s . 

The techn ique d e s c r i b e d above was adapted from t h a t used f o r many i n s e c t 

s p e c i e s , i n c l u d i n g Tenebr io moli t o r , by Kamm and R i c h t e r (1972) who, i n s t e a d 

o f opening up the abdomen, made l a t e r a l i n c i s i o n s to f r e e the l a s t two 

abdominal segments which were then p u l l e d p o s t e r i o r l y b r i n g i n g the o v a r i e s 

w i t h them. T h i s i s not p o s s i b l e w i th Stegobiurn, which i s too smal l f o r t h i s 

p r o c e d u r e . Even w i t h T e n e b r i o , the above a u t h o r s found i t n e c e s s a r y to cut 

the abdomen l o n g i t u d i n a l l y in the c a s e of mature f e m a l e s , swo l len w i t h e g g s . 

For each female d i s s e c t e d , four v a l u e s were recorded: mean length of the 



F i g u r e 2 2 . Diagrammatic r e p r e s e n t a t i o n of the developmental s t a g e s 
of ova ry maturat i on in female Stegobi urn of 0 . 5 , 1, 2 , 
3 and 5 days o l d . Diagram not to s c a l e , a b b r e v i a t i o n s 
a s in f i gure 2 1 . 
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two o v a r i e s ; mean length of the s i x o v a r i o l e s on one s i d e ; mean length of 

t e rmina l o o c y t e s on the same s i d e and the t o t a l number of eggs in both c a l y c e s 

( s i n c e in mature f e m a l e s , eggs i n v a r i a b l y e r r u p t e d from the c a l y c e s dur ing 

di s s e c t i o n ) . 

Ten females of the f o l l o w i n g ages were d i s s e c t e d , and the above 

measurements made; 0 , 0 . 5 , 1, 2 , 3> 4 and 5 d a y s . A mean v a l u e f o r the 10 

females was found f o r each of the measurements ( t a b l e 12 , f i g . 2 3 ) . 

Development of the female r e p r o d u c t i v e system c l e a r l y begins d u r i n g the pupal 

T a b l e 12 Growth and development of the r e p r o d u c t i v e system of female Stegobiurn 
a s determined by d i s s e c t i o n and measurement of p a r t s of the o v a r y 
from females of 7 age groups . 

f , l ength ovary length o v a r i o l e length te rmina l no. eggs in rema I e a ge + » t r _ + — , 
J m - S F m - S F n n r v t p m - SE r.a 1 v r p . ? 

(days) 
m - SE 

(mm) 
m - SE 
(mm) 

o o c y t e m 
(mm) 

c a l y c e s 
m - SE 

0 0.71 
+ 

0.02 0 .50 
+ 

0.02 0 .13 
+ 

0.01 0 

0 . 5 0 .86 + 0.02 0.71 + 0.02 0 .18 + 0.01 0 

1 1.12 + 0 .03 0.90 + 0.02 0 .25 + 0.01 0 

2 1.31 + 0 .03 1.09 + 0.0k 0 .35 + 0.004 0 

3 1.80 + 0 .03 ].kk + 0.0k 0 .36 + 0.002 5.7 + 0.67 

k 2.02 + 0.03 ].kk + 0 .05 0 .36 + 0.002 20 .7 + 1 .ko 

5 2 .08 + 0.02 0 .97 + 0.02 2 9 . 4 + 2.50 

s t a g e , s i n c e the ovary was found to have reached 0 .7 mm in length a t e c l o s i o n . 

Maximum ovary l eng th was reached by about 5 days of a g e , o r perhaps a l i t t l e 

l a t e r , but maximum o v a r i o l e length was a t t a i n e d by day 3 , d e c l i n i n g in length 

t h e r e a f t e r . T h i s r e f l e c t s movement of mature eggs in to the c a l y x , which was 

f i r s t observed on day 3 , by which time the te rmina l o o c y t e had reached 

maximum s i z e andwas f u l l y developed and c h o r i o n a t e d . 

I t would be e x p e c t e d , from these r e s u l t s , that a female could be c a p a b l e 

of c o p u l a t i o n and o v i p o s i t i o n of f e r t i l e eggs from day 3 onwards. 



F i g u r e 2 3 . R e l a t i v e i n c r e a s e in length of c e r t a i n p a r t s of the 
female Steqobiurn r e p r o d u c t i v e system from ages 0 
( e c l o s i o n ) to 5 d a y s . Ten females of each age group 
were d i s s e c t e d and measured, and a mean v a l u e was 
found f o r : 

• • e n t i r e o v a r y length 

o o o v a r i o l e length 

• • l ength of te rmina l oocy te (most developed) 

• • number of mature o o c y t e s in both c a l y c e s 

The c o n f i d e n c e l i m i t s r e p r e s e n t 2 s tandard e r r o r s . 
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(b) H i s t o l o g y of o v a r i e s 

Female b e e t l e s of known age were k i l l e d and f i x e d in B o u i n ' s f i x a t i v e 

before s e c t i o n i n g . The abdomens were removed from the r e s t o f the body, 

embedded and s e r i a l l y s e c t i o n e d a t 10 jjm in wax. S e c t i o n s were s t a i n e d in 

haematoxyl in and e o s i n , and permanent p r e p a r a t i o n s made. A s e r i e s of females 

from 1 to 8 days of age were p r o c e s s e d in t h i s way. 

F i g u r e s 24-28 i n c l u s i v e a r e micrographs of s e l e c t e d s e c t i o n s through the 

abdomens of females of 1, 2 , 3 . ^ and 8 days o l d r e s p e c t i v e l y . In most c a s e s , 

the s e c t i o n i s taken from the p o s t e r i o r par t o f the ovary in o r d e r to show the 

most advanced s t a g e s of oocy te development . The f i r s t s e c t i o n ( 1 - d a y - o l d 

female) has passed through the germarium of each o v a r i o l e , no t r u e f o l l i c l e s 

being p r e s e n t a t t h i s s t a g e . Some very smal l deve lop ing o o c y t e s a r e p resen t 

i n one of the germaria which has been s e c t i o n e d near the base (not c l e a r in 

the m i c r o g r a p h ) . The s e c t i o n of the 2 - d a y - o l d female shows t h a t v i t e l l o g e n e s i s 

has begun and the h i g h l y b a s o p h i l i c f o l l i c l e c e l l s have passed through the 

co lumnar , to the cubo ida l phase of t h e i r development. The g r a n u l a r appearance 

of the o o c y t e s i n d i c a t e s y o l k d e p o s i t i o n . By the t h i r d day , some mature 

c h o r i o n a t e d o o c y t e s a r e p r e s e n t ( f i g . 2 6 ) , and the f o l l i c u l a r e p i t h e l i u m has 

become squamous, s u g g e s t i n g m a s s i v e i n c r e a s e in the d iameter o f the o o c y t e . 

The s e c t i o n through a 4 - d a y - o l d female ( f i g . 27) shows an i n c r e a s e in the 

number of mature , c h o r i o n a t e d e g g s , and expans ion in the s i z e o f the c a l y x to 

accommodate t h e s e ( u n f o r t u n a t e l y , c h o r i o n a t e d o o c y t e s tend to c o l l a p s e dur ing 

h i s t o l o g i c a l p r e p a r a t i o n ) . T h i s p a r t i c u l a r s e c t i o n ( f i g . 27) has passed 

through the v a g i n a l pouch. By 8 days of a g e , the abdomens of v i r g i n females 

a r e f u l l o f t i g h t l y packed mature e g g s . The abdomen has been s e c t i o n e d , 

s l i g h t l y o b l i q u e l y , through the c a l y x , ( f i g . 2 8 ) . 

These o b s e r v a t i o n s conf i rm the d i s s e c t i o n s t u d i e s in tha t mature eggs 

a r e p r e s e n t i n the c a l y x from day 3 . and r a p i d l y i n c r e a s e in number in * f -day-

o l d f e m a l e s . The oocy te and f o l l i c l e development i s l a r g e l y in agreement w i t h 

that d e s c r i b e d f o r Lasioderma s e r r i c o r n e ( C o f f e l t and B u r k h o l d e r , 1973) and 



F i g u r e 2k. Micrograph of a T . S . through the abdomen of a 1 -day-
o l d v i r g i n female Stegobi urn. Only the germar ia a r e 
p r e s e n t in t h i s s e c t i o n , v e r y l i t t l e f o l l i c l e 
development being e v i d e n t . 

be = bursa c o p u l a t r i x 
c 9 c u t i c l e 

ch = chor ion 
do = deve lop ing oocy te 

e = e l y t r o n 
f = f o 11 i c 1 e 
g = gut 

gr = germarium 
mo = mature oocyte 
mt = Malp ighian tubu le 

n n u c l e u s 
nc = nerve cord 

s = s y m b i o t i c y e a s t s 
vp = v a g i n a l pouch 

y yo lk 
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F i g u r e 2 5 . Micrograph of a T . S . through the abdomen of a 2 - d a y - o l d 
v i r g i n female Stegobiurn. The c e l l s o f the f o l l i c u l a r 
e p i t h e l i u m have become cuboidal and y o l k d e p o s i t i o n i s 
e v i d e n t from the g r a n u l a r appearance of the deve lop ing 
o o c y t e s . A b b r e v i a t i o n s a s f o r f i g u r e 2k. 
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F i g u r e 2 6 . Micrograph of a T . S . through the abdomen of a 3 - d a y - o l d 
female Stegobiurn. The f o l l i c u l a r e p i t h e l i u m has become 
squamous and the deve lop ing o o c y t e s now occupy a much 
g r e a t e r p ropor t ion of the abdominal c a v i t y . Some mature , 
c h o r i o n a t e d o o c y t e s a r e p resen t a t t h i s s t a g e . 
A b b r e v i a t i o n s as f o r f i g u r e 2k. 
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Figure 27. Micrograph of a T . S . through the abdomen of a 4-day-old 
v i rg in female Steqobiurn. F ive mature, chorionated 
oocytes can be seen in th is s e c t i o n . The vaginal 
pouches packed with symbiotic yeasts are present and the 
muscular bursa copulatr ix can be seen. Abbreviations as 
for f igure 2k. 
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Figure 28. Micrograph of a T . S . through the abdomen of an 8-day-old 
v i rg in female Steqobiurn. The abdomen i s t igh t ly 
packed with mature, chorionated oocytes. Abbreviations 
as for f igure 2k. 
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Tenebrio moli tor (Schlottman and Bonhag, 1956). 
D. Copulation 

(a) Copulatory behaviour in Steqobi um 

Copulation was observed in several pairs of beetles and behavioural 

detai1s recorded. 

The male approaches the female from the rear , stroking her e ly t ra with 

the antennae and mouthparts, A receptive female usua l ly stops moving, 

presumably in response to th is st imulus, although males often attempt to 

mount while the female is walking, usual ly with l i t t l e success . The male 

climbs on to the back of the female, usual ly supporting the poster ior pai r 

of legs on the substratum. Antennal stroking by the male continues, with the 

anter ior pair of legs a lso being used. The male attempts genital contact a f t e r 

a few seconds, extruding the aedeaqus: these attempts a l ternate with renewed 

bouts of stroking the thorax and e ly t ra of the female unt i l successful coupling 

i s achieved. At th is point , the male turns through 180° and the two beetles 

assume a back-end to back-end pos i t ion . The pair may remain in contact for 

up to 2 h, usual ly motionless, unt i l the female, who is usual ly the partner 

to break contact , walks away. The male i s pulled along behind unt i l he i s 

f i na l ly detached. 

A male encountering a pair " i n copulo" has frequently been observed to 

mount the female and success fu l l y disconnect the p a i r . The second male may or 

may not then copulate with the female, depending upon her recept iveness. 

Copulatory behaviour has been described for Lasioderma serr icorne 

(Tobin and Smith, 1971; Cof fe l t and Burkholder, 1973) which a lso assumes the 

back-to-back pos i t ion . The Tenebrio molitor male remains on the back of 

the female throughout copulation (August, 1971) and Trogoderma granarium 

assumes a f ina l posit ion at 90° to the female (Karnavar, 1972). 

(b) Timing of sperm t ransfer during copulation 

Copulation in Steqobi um has been described by several authors, including 

Janisch (1923), Azab (19*1-3) and Kashef (1956), much as outl ined above. 
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However, these workers a l l suggest that sperm t ransfer occurs during the 
i n i t i a l period before the back-to-back posit ion i s assumed, being completed 
in only a few seconds. The following experiment was designed to indicate 
the time during which transference of the spermatophore occurs by interrupting 
copulation at varying in te rva ls a f t e r i n i t i a l contactwas made. 

Four groups of 5 pa i rs of v i rg in beetles (one of each sex ) 6-7 days o l d , 

were placed beneath inverted petri d i s h e s , on f i l t e r paper, and observed 

unt i l copulation occurred. 

Group 1 pai rs were separated at the moment when the male was turning into 

the back-to-back p o s i t i o n . 

Group 2 pa i rs were interrupted 1 min a f t e r they had turned back-to-back. 

Group 3 pai rs were interrupted 5 min a f t e r they had turned back-to-back. 

Group k pa i rs were le f t to complete copulat ion. 

The females from these groups were retained in individual tubes with a 

very small quantity of wheatings as an oviposi t ion medium, which i s essent ia l 

for th is spec ies . The f i l t e r paper in the closure of the tube (page 13) was 

a lso u t i l i s e d by females as a substratum sui table for ov ipos i t ion . Each 

morning, the ent i re contents of the tube were checked with the aid of a 

low-power microscope for eggs, which were destroyed with forceps as they were 

counted. A da i ly record of egg laying was thus kept for each female unt i l 

death. Table 13 shows the resu l ts of these egg-counts. 

The sample s i z e s are too small for s t a t i s t i c a l a n a l y s i s of these r e s u l t s , 

but i t i s suggested that the spermatophore i s not t ransferred to the female 

unt i l the back-to-back posi t ion has been assumed and maintained for at least 

1 min, preferably longer, for successful copulat ion. 

The eggs produced by female 5 in group 1 were probably i n f e r t i l e as 

indicated by the time when they were l a i d . This phenomenon w i l l be discussed 

further in part E below. 
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E . Ovi pos? tion 

(a) Virgin and mated females 

Two groups of 1-day-old female Steqobium were kept in individual tubes with 

a small quantity of wheatings, as described in D(b) above. A male of the same 

age was placed with each female of (what w i l l henceforth be ca l led ) the 

mated group, whi lst the v i rg in group were le f t in i s o l a t i o n . A l l tubes 

were examined each morning for eggs, and again the eggs were destroyed as they 

were counted, except those produced by v i rg in females. The day on which each 

female was found dead was a lso recorded. 

The da i ly ov iposi t ion records for the v i rg in and mated groups are shown 

in tables 14 and 15 respec t ive ly . Table 16 provides an a n a l y s i s of the 

r e s u l t s . A l l eggs produced by v i rg in females, were i n f e r t i l e , and far fewer 

Table 16 Oviposit ion records and adult l i f e span of v i rg in and mated 
female Stegobiurn from the individual egg-counts in tables 
14 and 15 respect ive ly . 

fema1es mean no. egcjs 
per female - SE 
range in ( ) 

mean day o_f_ death 
of female - SE 
range in ( ) 

vi rgi n 1.54 - 0.57 (0-10) 21.54 - 0.41 (18-25) 

mated 41.67 - 3.30 (0-85) 15.31 - 0.47 (4-18) 

in number than was recorded for mated females. 

Egg-laying has previously been monitored for Steqobiurn under various 

conditions of temperature and humidity. Janisch (1923) obtained a mean of 

50 eggs/female, but environmental conditions were not given. Dick (1937) 

recorded 56.8 eggs/female at 27°C and-73% r .h . and Azab (1943) ca lculated a 

mean of 46.6 eggs/female at 30°C and 75% r .h . Kashef (1956) at 24°C and 

45% r . h . obtained 58.9 eggs/female. Lefkovitch (1967) found that 22.5°C and 

65% r .h . was optimum for maximum egg production for Stegobi urn females, which 

produced about 75 eggs/female. 
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The oviposi t ion resu l ts reported by Dick (1937) are of in terest in that 
females always produced about 50% of the i r eggs on the f i r s t day of laying 
(which was in each case , day 6) and th is was followed by a sharp drop in 
o v i p o s i t i o n , and then a small peak 2-3 days l a t e r . This consistency cannot 
be explained, and the patterns of ov iposi t ion recorded by the other workers 
mentioned above, were much more in l ine with my own r e s u l t s . 

The l i f e span of mated females (table 16) was reduced to about 71% of 

that of v i rg in females, or shortened by roughly 6 days. This is to be expected 

s ince non-feeding adult females channel the i r food reserves into egg 

production. Virgin females presumably do not deplete the i r food store so 

rapidly and thus survive considerably longer. A more extreme example of 

th is phenomenon was shown by Karnavar (1972) in Trogoderma granarium in which 

mated females l i v e 4-7 days, v i rg ins l i v e 20-25 days. Mated Trogoderma 

angustum S o l i e r females l ived 9 days at 35°C and v i r g i n s , 13 days (Ph i l ipp , 

1968). 

I t i s r e l a t i v e l y common for v i rg in females to produce i n f e r t i l e eggs 

before they die in non-parthenogenetic s p e c i e s . Virgin female Tenebrio moli tor 

and Tribolium confusum (Duv.) were shown to produce small numbers of i n f e r t i l e 

eggs s tead i ly throughout the i r l i f e span (Dick, 1937). The same author, 

however, stated that Stegobium vi rgi n females f a i l to lay eggs. Virgin female 

Bruchus quadrimaculatus F a b . , (Larson and F i s h e r , 1924); Calandra granaria L . , 

(Back and Cotton, 1926) and the anthr ibid beetle Aracerus fas icu la tus de Geer 

(Taher el Sayed, 1935) a l l produce a small number of i n f e r t i l e eggs, 

(b) E f fec t of mult iple mating on oviposi t ion 

During the previous oviposi t ion experiments, copulation was observed 

in some pairs of beetles a f t e r oviposi t ion had begun. The s ign i f i cance of 

such mult iple mating was investigated with p a r t i c u l a r in terest in connection 

with the unexplained resu l ts obtained from the a i r extract assays of mated 

females (Section V I , B ( b ) ) . 

Oviposit ion was monitored, as previously at da i ly i n t e r v a l s , but females 
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were kept with males of the same age for 3, 4 , 5, 6 or 9 days before 
permanent separat ion, the pa i rs having been establ ished on day 1. A further 
group was set up with 1-day-old females and 6-day-old males. This group was 
separated at the end of day 3 as the f i r s t group above. 

Figure 29, table 17 shows the number of eggs produced by females under 

these conditions and the percentage of females lay ing. Although the 

Table 17 Ef fec t of the presence of male Stegobium for varying periods on 
female ov ipos i t ion . 

no.days male 
kept with 
female 

percent of 
females 
produci ng 
eggs 

mean no. eg^js 
per female - SE 
(of those laying) 

comparison of means 

t P 

3 33 24.3 22.1 - 4.3 1 

3' 30 60.0 56.8 t 5.3 J 5.12 

5.16" 

<0.001 

k 26 53.8 57.5 - 5.4 1 

5.12 

5.16" <0.001 

5 33 5k.5 1.30 NS 

6 33 75.8 49.7 ; 2.7 } 1 0.25 NS 

9 31 90.3 42.4 - 3.3 TJ 1.70 0.1-0.05 

l i f e 36 91.7 41.7 - 3.8 / 0.15 NS 

3' 6-day-old males placed with 1-day-old females 

« comparison between 3 and 4-day groups 

standard errors of the mean number of eggs/female are large , the resu l ts 

would suggest that the longer males are kept with females: 

( i ) the greater the percentage of females which produce eggs but 

( i i ) the smaller the number of eggs la id / female . 

The l a t t e r may re f lec t reduced f e r t i l i t y amongst females copulating at a 

la ter stage in the i r l i f e c y c l e . For example, of the 46% of females 

separated from males a f t e r 4 days which f a i l e d to lay eggs, the majority would 

eventual ly have become f e r t i l i s e d , but they would have produced fewer eggs. 

Since a much higher percentage of females separated from older males 

a f t e r 3 days (3 1 group) produced a very high y ie ld of eggs per female 



Figure 29. The e f fec t of male presence on female ov ipos i t ion . 
Both the percentage of females which produced eggs and 
the_ mean number produced per female (of those laying) 
were estimated, according to the length of t imel ra les 
were kept with females. Both sexes were 1 day old 
when placed together, except for the 3' group, where the 
males were 6 daysold when placed with 1-day-old females. 
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( table 17, f i g . 29 ) , i t is assumed that males up to 3 days old (or over 70% 
of them) are immature, f a i l to stimulate females to mate or are unresponsive 
to the sex pheromone at th is stage. 

There was no di f ference s t a t i s t i c a l l y between egg y ie lds of females 

separated from males at 9 days and those from unseparated p a i r s . However, 

the former group produced fewer eggs than females isolated from males at 

5 and 6 days. Azab (19^3) showed that young female Stegobium produced more 

eggs and took longer to lay them than older females and that fecundity 

decreased with reduction of fat reserves . Figure 30, table 18 confirms the 

trend that the e a r l i e r ov iposi t ion begins, the more eggs are produced by 

females of pa i rs le f t together throughout the oviposi t ion period (data from 

table 15). 

Table 18 Relat ionship between female age on the f i r s t day of oviposi t ion 
and the mean number of eggs produced per female. 

age female on 
f i r s t day oviposi t ion n mean no. eggs 

per female + SE 

comparison of means 

Vvv 2) p 

k 8 59.6 t 4 .8 } 2.3^ 0.05-0.02 

5 16 k5.2 - 3.9 \ \ 1.05 NS 
6 7 33.7 - 10.2 J 
8 1 32.0 

In a comparable study, Kashef (1956) separated males from females on 

the th i rd day of oviposi t ion (which would approximate to day 6 in the scheme 

presented here) and he found that separated females produced fewer eggs 

(47.9 per female) than females from pairs l e f t together (58.9 per female) . 

Although there was no s ign i f i can t d i f ference between these va lues , the resul t 

was completely contradictory to my own. 

While recording da i ly egg counts of pai-rs of beetles kept together 

permanently (table 15) a record was kept of couples found copulat ing. Of 



F i g u r e 3 0 . The r e l a t i o n s h i p between the f i r s t day of o v i p o s i t i o n 
of female Stegobiurn and the t o t a l number of eggs 
produced over the o v i p o s i t i o n p e r i o d . 
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the 32 females which produced e g g s , a second c o p u l a t i o n was observed in 
13 p a i r s (^1%). The day on which t h i s was recorded ranged from 5-15 i n c l u s i v e 
w i t h a mean of day 10. In 8 of the 13 c a s e s (62%) the second c o p u l a t i o n was 
fo l lowed by a f u r t h e r smal l batch o f e g g s . F i g u r e 31 shows the d a i l y 
o v i p o s i t i o n records of the 13 females which were observed to c o p u l a t e more 
than o n c e . As the o b s e r v a t i o n per iod extended f o r o n l y 1-2 h per day , the 
13 females a r e l i k e l y to be o n l y a sample of those which d id repeat 
c o p u l a t i o n . 
F . Pi s c u s s i o n 

The purpose of the s tudy p r e s e n t e d in t h i s s e c t i o n was to monitor 

p r e c i s e l y female m a t u r a t i o n , r e p r o d u c t i v e behav iour and o v i p o s i t i o n under 

c e r t a i n c o n d i t i o n s in o r d e r to p rov ide a background a g a i n s t which the 

fo rego ing d e t a i l s of the sex pheromone system become meaningful and some 

of the anomal ies c l a r i f i e d . In some r e s p e c t s t h i s has been s u c c e s s f u l but 

i t i s e v i d e n t t h a t much more work on t h i s p a r t i c u l a r a s p e c t of the study i s 

n e c e s s a r y . Such work would i n c l u d e i n v e s t i g a t i o n of egg f e r t i l i t y and i t s 

r e l a t i o n to m u l t i p l e m a t i n g , sex pheromone r e l e a s e by i n d i v i d u a l females 

and a p a r a l l e l moni tor of o v i p o s i t i o n . 

D i s s e c t i o n and h i s t o l o g i c a l work has shown that a t 30°C and 75% r . h . 

mature o o c y t e s a r e p r e s e n t i n the c a l y x a t "i-h d a y s , cor respond ing w i t h 

the i n i t i a t i o n o f sex pheromone r e l e a s e . By k-5 d a y s , both systems a r e 

f u l l y o p e r a t i v e and s y n c h r o n i s a t i o n i s a p p a r e n t . 

M u l t i p l e mating i s not normal ly c o n s i d e r e d c h a r a c t e r i s t i c of s h o r t 

l i v e d s p e c i e s ( D i c k , 1937; Wigg leswor th , 1972) and does not appear to i n c r e a s e 

the number of eggs l a i d per female in Stegobiurn. I t must be s t r e s s e d , 

however, tha t the p r o p o r t i o n of f e r t i l e eggs may be i n f l u e n c e d by f u r t h e r 

c o p u l a t i o n . Trogoderma angustum females r e q u i r e s e v e r a l c o p u l a t i o n s to 

produce a f u l l egg complement and high f e r t i l i t y , ( P h i l i p p , 1968) . T h i s 

s p e c i e s has a n o n - f e e d i n g a d u l t w i t h a l i f e span s i m i l a r to Stegobium». 

Karnavar (1972) found that Trogoderma granar ium females mated 3 - ^ t i m e s , the 



F i g u r e 3 1 . D a i l y o v i p o s i t i o n records of 13 females which were seen 
to c o p u l a t e a f t e r o v i p o s i t i o n had begun and were 
t h e r e f o r e presumed to be mating f o r a second (or t h i r d ) 
t ime . The numbers r e f e r to those in t a b l e 15. 
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second mating o c c u r r i n g 12-24 h a f t e r the f i r s t batch of eggs were d e p o s i t e d . 
Twice the number of eggs were produced a f t e r the second mat ing . In D r o s o p h i l a 
melanogaster Me?gen the f e r t i l i t y of females i n c r e a s e d w i t h the length of 
t ime females were a s s o c i a t e d w i t h m a l e s , as d id t o t a l egg l a y i n g (Chiang 
and Hodson, 1950) . Troqoderma inc lusum females pass through a r e f r a c t o r y 
per iod of a t l e a s t 2 days before remat ing , before which about 75% of t h e i r 
eggs a r e l a i d ( V i c k , Burkholder and S m i t t l e , 1972) . A s i m i l a r s i t u a t i o n may 
be p r e s e n t i n Stegobiurn, whereby the f i r s t l a r g e batch of eggs i s l a i d , but 
a second c o p u l a t i o n m a i n t a i n s maximum f e r t i l i t y of s u c c e s s i v e b a t c h e s . 
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V I I I DISTRIBUTION OF SENS ILLA ON THE ANTENNAE OF MALE STEGOBIUM AND THE 
EFFECTS OF ANTENNECTOMY ON MALE RESPONSE TO THE PHEROMONE 

A. I introduction 

The s u b j e c t o f i n s e c t o l f a c t i o n has r e c e i v e d renewed i n t e r e s t in recent 

y e a r s , p o s s i b l y i n s p i r e d by work on pheromones and demonstra t ion of the a b i l i t y 

o f some i n s e c t s to respond to odours a t ex t remely low m o l e c u l a r c o n c e n t r a t i o n s . 

Bombyx mori has a t h e o r e t i c a l response t h r e s h o l d of 200 bombykol- induced 

impulses per second e l i c i t e d by 200 molecu les of bombykol ( the s i l k moth sex 

pheromone) ( K a i s s l i n g and P r e i s n e r , 1970) . 

E lec t roantennogram r e c o r d i n g from whole antennae o r s i n g l e s e n s i l l a has 

prov ided a v a l u a b l e i n s i g h t in to t h r e s h o l d response l e v e l s , h a b i t u a t i o n and 

the e l e c t r o p h y s i o l o g i c a l f u n c t i o n s of the i n s e c t chemoreceptor a p p a r a t u s . 

At the m o l e c u l a r l e v e l , t h e r e i s s t i l l d isagreement between two main 

s c h o o l s of thought about the na ture o f o l f a c t i o n . The s t e r e o c h e m i c a l theory 

(Amoore, 1952) sugges ts that m o l e c u l a r c o n f i g u r a t i o n determines odour q u a l i t y , 

whereas the v i b r a t i o n a l theory (Wright , 195*0 d e s i g n a t e s more importance to 

m o l e c u l a r v i b r a t i o n . An a p p r a i s a l o f both t h e o r i e s i s g iven by Amoore ( 1 9 7 1 ) . 

I t i s thought that when a pheromone molecu le makes c o n t a c t w i t h the 

a p p r o p r i a t e antenna l s e n s i l l u m , i t combines w i t h a r e c e p t o r p r o t e i n to t r i g g e r 

an enzymat ic r e a c t i o n producing a smal l chemical " t r a n s m i t t e r " molecu le which 

d e p o l a r i s e s the d e n d r i t i c membrane ( R i d d i f o r d , 1971) . Once t h i s has o c c u r r e d , 

the molecu le must be m e t a b o l i s e d q u i c k l y to prevent e i t h e r con t inued s t i m u l a t i o n 

o r b lockage of the r e c e p t o r , both of which might g i v e the i n s e c t f a l s e 

i n f o r m a t i o n . Exper iments w i t h bombykol have suggested that by the a c t i v i t y 

of two d i f f e r e n t enzyme s y s t e m s , the pheromone molecu le i s t ransformed in to 

f a t t y e s t e r s and f a t t y a c i d s (Kosang, 1971) . 

The p r i n c i p a l s i t e s of chemoreceptors in i n s e c t s a r e the a n t e n n a e , 

m a x i l l a e and l a b i a l p a l p s , l egs and o v i p o s i t o r . The l a t t e r four a r e a s a r e 

l a r g e l y a s s o c i a t e d w i th c o n t a c t chemorecept ion ( D e t h i e r , 1963) . In most 

recorded c a s e s , sex pheromone r e c e p t o r s a r e l o c a t e d on the a n t e n n a e , and i f 
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the segments a r e d i f f e r e n t i a t e d , then they a r e u s u a l l y found on the f l a g e l l u m 
o r c l u b segments ( S c h n e i d e r , 1964) . 

The antennae of Stegobiurn comprise 11 segments of which the d i s t a l 

th ree a r e expanded in to a loose c l u b ( f i g . 3 2 a ) . 

A s u p e r f i c i a l s tudy of sex pheromone p e r c e p t i o n in Stegobi urn i s g iven below. 

The l o c a t i o n of s e n s i l l a thought to be concerned w i t h sex pheromone p e r c e p t i o n 

has been s t u d i e d by means of a b l a t i o n e x p e r i m e n t s , and the types and d i s t r i b u 

t i o n p a t t e r n s o f s e n s i l l a a r e d e s c r i b e d . 

B. C h a r a c t e r i s t i c s , d i s t r i b u t i o n and abundance of an tenna l s e n s i l l a s t u d i e d 
by l i g h t and scann ing e l e c t r o n m i c r o s c o p y . 

(a) Methods 

For l i g h t microscopy s t u d i e s , antennae were removed from i n d i v i d u a l 

b e e t l e s of known s e x , c l e a r e d in x y l e n e and mounted in D . P . X . mountant. 

An o i l immersion lens was n e c e s s a r y to d i s t i n g u i s h the types of s e n s i l l a 

p r e s e n t , and to measure t h e i r l e n g t h . A c a l i b r a t e d eye p i e c e g r a t i c u l e 

was used f o r measurements, and a g r i d e y e p i e c e a ided the mapping and 

e s t i m a t i o n of numbers of s e n s i l l a types on the a n t e n n a e . For t h i s t e c h n i q u e , 

antennae were mounted in D . P . X . between two c o v e r s l i p s so tha t both s i d e s 

of a s i n g l e antenna cou ld be viewed u s i n g an o i l immersion l e n s . Only t h r e e 

antennae were mapped in a l l (two male and one female) s i n c e p r a c t i c a l 

d i f f i c u l t i e s a t t h e s e high m a g n i f i c a t i o n s rendered t h i s an ex t remely slow 

and h i g h l y i n a c c u r a t e method. S e n s i l l a a long the edges of the an tenna l 

segments were probably counted t w i c e and the a r e a s of the " s e n s o r y f i e l d s " 

(par t ( b ) ( i i ) below) were a lways viewed a t a poor a n g l e because of the shape 

o f the antenna and i t s a s p e c t when mounted. F i g u r e 32d shows the v iew of a 

s e n s o r y f i e l d a s i t appears when mounted f o r l i g h t m i c r o s c o p y . — 

A photograph ic method would be e s s e n t i a l to i n c r e a s e the a c c u r a c y of 

s e n s i l l a c o u n t s , i d e a l l y i n v o l v i n g more e x t e n s i v e u s e o f a s c a n n i n g e l e c t r o n 

mi c r o s c o p e . 

The m a t e r i a l f o r SEM was prepared by the E l e c t o n Microscopy U n i t , 

School o f Chemis t ry of the U n i v e r s i t y of N e w c a s t l e - u p o n - T y n e . Specimens were 



F i g u r e s 3 2 - 3 5 . Scanning e l e c t r o n micrographs of Stegobium a n t e n n a e . 

b = s e n s i l l u m bas icon icum 
c = 1 1 c h a e t i cum 

ce = compound eye 
co = s e n s i l l u m coeloconicum 
dc = d i s t a l c l u b segment 

f = f u m i e l e segment 
gp = hypodermal gland pore 
mc = middle c l u b segment 
pc = proximal " 1 1 

s = scape 
s f = s e n s o r y f i e l d 

t = s e n s i l l u m t r i cho ideum 
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F i g u r e 32 a . Male (x 178) 
L e f t s i d e of head showing compound eye and the l e f t 
a n t e n n a . The d i f f e r e n t i a t i o n of the antenna i n t o 
s c a p e , f u n i c l e and c l u b i s c l e a r l y shown and the 
p o s i t i o n of the s e n s o r y f i e l d s i n d i c a t e d . 

b. Male (x 1 ,720) 
J u n c t i o n between the proximal c l u b segment and 
f u n i c l e showing d i f f e r e n c e s in c u t i c u l a r 
s c u l p t u r i n g and s e n s i l l a d i s t r i b u t i o n . 

c . Female (x 1 ,750) 
Dorsa l edge of the b a s a l c l u b segment showing a 
h igh d e n s i t y o f t r i c h o i d s e n s i l l a (compare w i t h 
f i g . 3kb). 

d . Female (x 2 ,000 ) 
Sensory f i e l d o f middle c l u b segment from one s i d e . 
T h i s i s the v iew ob ta ined when u s i n g l i g h t microscopy 
w i t h mounted a n t e n n a e . 
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F i g u r e 33 a . Female (x 530) 
Middle c l u b segment shown from above w i th the d i s t a l 
c l u b segment removed. The s e n s o r y f i e l d i s c l e a r l y 
v i s i b l e . 

b. Female (x 2 ,150) 
As above showing the s e n s o r y f i e l d a t a h igher 
magni f i c a t i o n . 

c . Female (x 910) 
Sensory f i e l d on the proximal c l u b segment and the 
j u n c t i o n w i t h the middle segment. 

d . Female (x k.SOO) 
As above a t a h igher m a g n i f i c a t i o n . The smal l s e n s i l l a 
b a s i c o n i c a t y p i c a l o f t h e s e a r e a s a r e c l e a r l y v i s i b l e . 
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F i g u r e 3^ a . Female (x 1,820) 
Extreme t i p of the d i s t a l c l u b segment showing the 
s e n s o r y f i e l d . 

b. Female (x 2 ,220 ) 
Area of the f l a t t e n e d s u r f a c e of the d i s t a l c l u b 
segment showing the comparat ive s i z e and d i s t r i b u t i o n 
o f s e n s i l l a compared w i t h the p r e v i o u s v i e w . 

c . Female (x 1 ,160) 
S e n s i l l a c h a e t i c a p r o j e c t i n g a lmost a t 90 from near 
the base of the proximal c l u b segment. 

d . Male (x 4 ,500 ) 
Near the apex of the middle c l u b segment showing 
a t y p i c a l b a s i c o n i c s e n s i l l u m and two i n f r e q u e n t l y 
found c l u b - s h a p e d s e n s i l l a . 
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Female (x 900) 
Sensory f i e l d on the proximal c l ub segment to be 
compared w i t h tha t o f a male ( f i g . 35 b.) 

Male (x 960) 
As above, showing the c lose s i m i l a r i t y between the 
s e n s i l l a types and d i s t r i b u t i o n o f the sensory 
f i e l d s o f both sexes. 

Female (x 10,000) 
Opening o f a hypodermal gland pore 

Male (x 9,000) 
As above 
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vacuum-dried and sur face-coated w i t h gold ( E c h l i n , 1 9 7 0 . A rep resen ta t i ve 

se r ies o f micrographs was produced in o rder to show the range o f s e n s i l l a 

present and t h e i r d i s t r i b u t i o n , but not to p rov ide a q u a n t i t a t i v e assessment. 

A sample o f micrographs i s shown in f i g u r e s 32-35. 

The nomenclature adopted below f o r antennal s e n s i l l a types f o l l o w s t ha t 

fo rmula ted by Schneider (1964) and is g e n e r a l l y accepted by most workers i n 

t h i s f i e l d . 

(b) Antennal s e n s i l l a o f Steqobiurn 

Four d i s t i n c t morphological types o f s e n s i l l a were d i s t i n g u i s h e d in 

Steqobium by means o f the techniques descr ibed above. 

( i ) Sens i l i a chaet i ca 

These are long (22.5-48.0 /jm) , t h i c k - w a l l e d sensory b r i s t l e s , t ape r i ng 

to a po in t w i t h an a r t i c u l a t e d basal socket . They were found widespread 

over the sur face o f the body and were not conf ined to the antennae. Most 

s e n s i l l a chaet ica were found on the d i s t a l sur face o f each c lub segment where 

they pro t ruded almost a t 90° from the sur face o f the antenna ( f i g s . 33a, 34c) 

but g rea te r concen t ra t ions were found on the o the r segments, e s p e c i a l l y the 

expanded basal segment o r scape ( f i g . 32a ) . 

S e n s i l l a chaet ica are thought to have a mechano-recept ive f u n c t i o n . Thi 

i s suggested by t h e i r length (extending beyond the o the r s e n s i l l a ) , the 

a r t i c u l a t e d socket and the t h i c k c u t i c u l a r w a l 1 which excludes most o the r 

poss ib l e f u n c t i o n s . 

The s t r u c t u r e o f these t a c t i l e receptors has been desc r i bed , much as 

above, f o r many o the r insec t spec ies . Payne, Moeck, W i l l son, Coulson and 

Humphreys (1973) found s e n s i l l a chaet ica in 16 species o f s c o l y t i d beet les 

s t u d i e d . The ambrosia b e e t l e , Trypodendron l ineatum ( O l i v i e r ) has s e n s i l l a 

chaet ica o f about kO i n leng th present i n g rea te r numbers than Stegobiurn, 

on the expanded c lub segment (Moeck, 1968). 

( i i ) S e n s i l l a bas iconica 

Basiconic s e n s i l l a are found on l y on the th ree c lub segments o f the 
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antennae of Stegobi um. They are shor t , thin-wal led pegs that may appear 

conical or c y l i n d r i c a l , tapering to a blunt point . These s e n s i l l a range 

from 3-12 yum in length and may be of two types. The smaller (3-6 yum) , 

s t r a i g h t , round-tipped type ( f i g . 33d), often with an enlarged c u t i c u l a r 

basal area ( f i g s . 33b, 33d) i s found mainly at the apices of the club segments. 

The longer type (6-12 yum) is curved at the base with a more pointed t ip 

( f i g . 35d) so that the sensi l lum l i e s almost f l a t against the surface of the 

antenna, pointing d i s t a l l y . Payne et a l (1973) described a short (3-8 îm) 

and long (6-20 yum) basiconic s e n s i l l a type in sco ly t id beet les . The former 

type were round-tipped, f lask-shaped pegs and the l a t t e r , long, c y l i n d r i c a l 

and pointed. Moeck (1968) a lso found two s i ze c l a s s e s of sensi . l la bas iconica , 

6-8 ûm and 1^-18 yum, both pointed, in Trypodendron lineatum. In Necrophorus 

sp. two s e n s i l l a basiconica types were dist inguished (Erns t , 1969) of length : 

diameter proportions, 7:1 and 5:1 respect ive ly . 

The longer s e n s i l l a basiconica in Stegobium were found f a i r l y evenly 

d istr ibuted over the club segments, but the shorter type were more or less 

confined to areas which w i l l hereafter be ca l l ed sensory f i e l d s . These were 

situated at the d i s t a l surface of the two basal club segments ( f i g s . 32a; 

33a, b, c ; 35 a , b) in a f la t tened , s l i g h t l y concave area near the point of 

a r t i c u l a t i o n with the next d i s t a l segment. A la rger , although less dense, 

sensory f i e l d was si tuated at the apex of the d i s t a l club segment ( f i g . 3^a). 

Very d i s t i n c t sensory f i e l d s have been described for the 16 species of 

sco ly t ids studied by Payne et al (1973) . They have, t y p i c a l l y , 2-3 d i s t i n c t 

bands of basiconic s e n s i l l a . completely e n c i r c l i n g the club segment, sometimes 

with an addit ional band of t r icho id s e n s i l l a - . A s imi la r arrangement was 

found in the pine weev i l , Hylobius abiet i s L. (Mustaparta, 1973). The blowfly, 

Phormia reqina Desvoidy has groups of s e n s i l l a basiconica of a s ingle type, 

confined to antennal p i ts (Dethier, Larsen and Adams, 1963). Lewis (1971) 

found in the muscid, Stomoxys ca le i trans Geoffr . a regional separation where 

the basiconic s e n s i l l a were situated proximally and c e n t r a l l y . A less 
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ordered d i s t r i b u t i o n o f s e n s i l l a was present i n the g ra in bee t l e Oryzaephi lus 

sur inamensis where bas icon ic s e n s i l l a are main ly d i s t a l and l a t e r a l (Arbogast 

e t a l , 1972), and i n Trypodendron l i nea tum, bas icon ic s e n s i l l a are d i s t r i b u t e d 

over the sur face o f the c lub except near the base (Moeck, 1968). 

The number o f s e n s i l l a bas icon ica i n Stegobium was est imated a t 400-500 

per antenna ( t a b l e 19) . Borden and Wood (1966) c a l c u l a t e d a mean o f 343 per 

Table 19 Numbers and d i s t r i b u t i o n o f bas icon ic and t r i c h o i d s e n s i l l a on 
the th ree c lub segments o f two male and one female Stegobiurn 
antenna. 

sex sensi1 la 

antenna 1 c lub segment 

t o t a l sex sensi1 la d i s t a l mi dd le proxima1 t o t a l 

ma 1 e basi con i ca 154 163 157 474 
t r i choi dea 549 405 414 1368 

basi coni ca 152 157 143 452 
t r i choi dea 452 357 387 1196 

female basi coni ca 113 138 151 402 
t r i choi dea 529 439 385 1353 

male antenna and 383 per female antenna i n Ips confusus (LeConte): t h i s 

d i f f e r e n c e was s i g n i f i c a n t . In Hylobi us abi e t i s , 4 ,000-5,000 bas icon ic 

s e n s i l l a " per antenna were est imated (Mustapar ta , 1973). 

S e n s i l l a bas iconica have been proved o l f a c t o r y in f u n c t i o n in some 

i n s e c t s , which was p r e v i o u s l y suggested from s tud ies on the f i n e s t r u c t u r e 

o f the c u t i c l e wa l l ( S l i f e r , 1961 , 1967). In a l l cases so f a r examined, 

the c u t i c l e wa l l has been shown to be p e r f o r a t e d by pores o f about 0.1 Jim 

i n d iameter , or less ( S l i f e r , Prestage and Beams, 1959). D e n d r i t i c nerve 

endings are thought to te rmina te c lose to these pores which b r i n g them in 

d i r e c t con tac t w i t h the a i r ( S l i f e r , 1961; D e t h i e r , 1963). These pores were 

not v i s i b l e e i t h e r in the l i g h t o r SEM prepara t ions o f Steqobium antennae 

which would be expected, s ince EM s e c t i o n i n g i s necessary to study the f i n e 

s t r u c t u r e o f these s e n s i l l a . The s t r u c t u r e o f the bas icon ic sensi1lum i s 
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thus idea l f o r sampling a i r surrounding and streaming over the antennae. 

By means o f e lect roantennogram r e c o r d i n g , Schneider and Boeckh (1962) 

presented d i r e c t evidence f o r the o l f a c t o r y f u n c t i o n of the bas icon ic s e n s i l l a 

o f Necrophorus, Tenebr io and some saturni id moths. Mor i ta and Yamashita (1959) 

recorded d i r e c t l y f rom a s i n g l e la rge sens i l l um basiconicum on the antenna 

o f a l a r v a l s i l k worm, Bombyx mori and i t s f u n c t i o n was determined as o l f a c t o r y . 

A hygro recep t i ve f u n c t i o n has been a t t r i b u t e d to bas icon ic s e n s i l l a in 

Tenebrio and Dermestes sp. (Roth and Wi11i s , 1951) and Oryzaephi lus sur inamensis 

(Arbogast e t a 1 , 1972). There may t h e r e f o r e be some degree o f f u n c t i o n a l 

d i v e r s i t y o f these recep to rs , o r s p e c i a l i s a t i o n amongst the s e n s i l l a accord ing 

to f u n c t i o n . 

( i i i ) S e n s i l l a t r i c h o i d e a 

These h a i r - l i k e s e n s i l l a are s lende r , t ape r i ng and sharp ly p o i n t e d , 

w i t h no v i s i b l e ex te rna l socket . They form the m a j o r i t y o f the s e n s i l l a 

types on Steqobium antennae, numbering between 1,100-1,400 per antenna f o r 

both sexes ( t a b l e 19 ) . S e n s i l l a t r i c h o i d e a were found i n g rea te r dens i t y 

towards the pe r iphery o f the c lub segments as opposed to the f l a t t e n e d 

sur faces ( f i g . 3 2 c ) . Length va r i ed from 13.5-21 yum and no real s t r u c t u r a l 

d i f f e r e n c e s could be d i s t i n g u i s h e d over t h i s s i ze range. The t r i c h o i d 

s e n s i l l a sur rounding the sensory f i e l d s were g e n e r a l l y s h o r t e r , w i t h a more 

pronounced cu rva tu re ( f i g s . 33b, c , d ; 35a, b) but t h i s i s thought to r e f l e c t 

the tendency o f the s e n s i l l a to f o l l o w the cu rva tu re o f the antenna. 

Moeck (1968) and Payne e t a 1 (1972) d i s t i n g u i s h e d between th ree types 

o f t r i c h o i d s e n s i l l a , d i f f e r i n g i n l e n g t h , cu rva tu re and socket at tachment 

i n Trypodendron l ineatum and s c o l y t i d beet les r e s p e c t i v e l y . Those o f Stegobiurn 

correspond most c l o s e l y to the s e n s i l l a t r i c h o i d e a type I I which were descr ibed 

by the above authors as being 18-25 fim in l e n g t h , smooth, sharp ly po in ted and 

g e n t l y curved, w i t hou t a socket . Lewis (1971) descr ibed a longer (30-45 îm) 

and shor te r (20-25 /Jm) t r i c h o i d sens i l l um type in Stomoxys ca l e i t r a n s . 
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Most authors mentioned above consider s e n s i l l a t r ichoidea to be o l factory 

in funct ion. They have thin c u t i c l e wal ls and surface pores l i ke s e n s i l l a 

bas icon ica , although the pores tend to be confined to the apical region of 

the sha f t . E lec t ro -phys io log ica l invest igat ion has v e r i f i e d an o l fac tory 

function for these s e n s i l l a and Schneider (1971) has shown them to be spec ia l i sed 

sex pheromone receptors in Bombyx mori and some other moth species (Schneider, 

Lacher and K a i s s l i n g , 1964; O'Connel l , 1972). 

( iv ) S e n s i l l a coeloconica 

These short pegs are located within c u t i c u l a r p i ts and are found in very 

small numbers ( l ess than 5) on Steqobium antennae ( f i g . 34b). They are 

thought to be o l fac tory in function in some insect spec ies . In Api s mel1? f? ca 

(L) (Lacher, 1964) some were shown to respond to carbon dioxide, and others 

to humi di ty . 

The small holes seen over the surface of the antennae ( f i g s . 34a, b, c , d) 

are shown at high magnification in f igures 35c and d. They were a lso found 

over the rest of the body and are thought to be the openings of hypodermal 

gland pores, a lso described by Moeck (1968). These openings can be inspected 

by means of a high-power l ight microscope. Using d i f f e r e n t i a l focusing, a 

s l i g h t l y coi led canal can be seen to lead to a large, o v a l , blind-ending sac 

(30-40 îm long) which i s probably the c u t i c u l a r reservoir of such a gland 

(Hinton, H.E. , pers . com.). 

Although e lectrophysio logica l methods would need to be employed to 

determine which of the s e n s i l l a types was responsible for sex pheromone 

perception in Stegobiurn, th is function would c e r t a i n l y be performed by e i ther 

the basiconic or t r ichoid s e n s i l l a . 

There was no d iscern ib le sexual dimorphism in s e n s i l l a types, numbers or 

d is t r ibu t ion in Stegobi urn. Had more counts of s e n s i l l a been p o s s i b l e , 

s i g n i f i c a n t d i f ferences in the number of basiconica might have been found. 

However, despite females being greater in body length than males, the antennae 

of the l a t t e r have longer club segments (Fowler, 1890) and the length:width 
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r a t i o o f male antennal c lub segments has a mean o f 2.k as compared w i t h females, 
2 . 3^ ( G r i f f i t h , 1946). This might represent an e v o l u t i o n a r y t rend towards 
housing more o l f a c t o r y receptors s p e c i f i c a l l y concerned w i t h sex pheromone 
p e r c e p t i o n . 

Obvious sexual dimorphism has been shown i n the cockroach, Per?planeta 

ameri cana (L . ) where 77% of male s e n s i l l a were o l f a c t o r y compared w i t h 6k% i n 

females (Schafer and Sanchez, 1973). Borden and Wood (1966) found s i g n i f i c a n t l y 

more bas icon ic s e n s i l l a in the female s c o l y t i d , Ips confusus (where males 

produce the pheromone), but f o l l o w i n g a b l a t i o n s tud ies they suggested t ha t 

s e n s i l l a t r i c h o i d e a were invo lved in sex pheromone p e r c e p t i o n . Both sexes o f 

Bombyx mor? have s e n s i l l a t r i c h o i d e a , but on l y males respond to the sex 

pheromone (Schneider and K a i s s l i n g , 1957). In most Lepidoptera s t u d i e d , on l y 

males have t r i c h o i d s e n s i l l a which are the pheromone receptors (Boeckh, 

K a i s s l i n g and Schneider , 1960). 

C. E f f e c t o f antennectomy on the response o f male Steqobiurn to the sex 
pheromone 

Antennectomy experiments were performed in o rder to con f i rm tha t the 

antennal s e n s i l l a descr ibed above are in f a c t the sex pheromone receptors and 

to prov ide some f u r t h e r i n fo rma t i on on the d i s t r i b u t i o n o f the chemoreceptive 

regions o f the antenna, 

(a) Methods 

To e f f e c t p a r t i a l o r complete antennectomy, i n d i v i d u a l males were 

secured beneath a s t r i p o f paper held down on e i t h e r s ide o f the body under 

a low power b inocu la r microscope. The paper was i n i t i a l l y slackened u n t i l 

the head o f the bee t le p r o t r u d e d , and then t i gh tened s u f f i c i e n t l y to prevent 

f u r t h e r movement. A f i n e sca lpe l was used to remove the re levan t pa r t s o f 

the antennae. This technique was found to be s imp le , rap id and less damaging 

to the i n d i v i d u a l than o the r methods. Amos (1969) pressed i n d i v i d u a l d r i e d 

f r u i t beet les (CarpophMus d i m i d l a t u s F. and C. hemipterus L.) i n t o p l a s t i c i n e 

i n order to immobi l ise them f o r antennectomy. Var ious anaes the t i cs such as 

d i e t h y l e the r f o r the s c o l y t i d , Ips confusus (Borden and Wood, 1966) and low 



86 

temperature f o r the g r a i n b e e t l e , Oryzaephi lus surinamensis (Arbogast et a 1 , 
1972) have been used. 

Newly emerged males d id not su rv i ve we l l a f t e r o p e r a t i o n , but when 

5-day-o ld beet les were antennectomised, almost 100% s u r v i v a l was ach ieved. 

Very l i t t l e d i f f e r e n c e i n a c t i v i t y was observed between operated and c o n t r o l 

groups and l ongev i t y was even s l i g h t l y increased amongst operated males 

(ac tua l values were not recorded) , 

(b) Resul ts 

Three groups o f 5 -day-o ld males were t r e a t e d by removing 1 , 2 and 3 

c lub segments r e s p e c t i v e l y from both antennae. Three days were a l lowed f o r 

recovery from t h i s o p e r a t i o n . Moribund i n d i v i d u a l s were d iscarded and the 

remaining males (at leas t 50 i n each group) were tes ted w i t h a 6v e x t r a c t . 

The r e s u l t s are shown in Appendix I I, t a b l e 20, f i g u r e s 36 and 37. The data 

f o r the c o n t r o l , unoperated group was taken from sec t i on IV par t C. 

Table 20 The percentage response o f p a r t i a l l y , o r t o t a l l y antennectomised 
males to a 6v e x t r a c t over 8-19 days o f age 

no. c lub segments mean % response comparison o f means 
o f antennae n o f males o f 8-19 + days 

remai ni ng to a 6v e x t r a c t - SE t n ] + n 2 - 2 P 

3 62 87.03 - 4 .34 I 

\ 9.19 <0.001 
2 55 36.18 - 3.38 J 

} 1.98 0.05 
1 57 28.28 - 2.09 J 

1 6.48 <0.001 
0 50 0 J 

Removal o f a l l t h ree c lub segments from the antennae resu l ted in complete 

f a i l u r e o f males to respond t o the 6v e x t r a c t . This conf i rms the morphologica l 

s tud ies i n d i c a t i n g t ha t the pheromone receptor s e n s i l l a are located on l y on 

the c lub segments. In te rmed ia te l eve l s o f response were e l i c i t e d by the 6v 

e x t r a c t from males w i t h 1 o r 2 c lub segments remain ing. There was less 



Figure }6. The e f f e c t o f removing antenna! c lub segments from 
ma.l.e Stegobi urn on the i r subsequent response to a 6 -
day-o ld v i r g i n female e x t r a c t . The numbers in 
brackets represent the number o f c lub segments 
remaining on both antennae. 
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Figure 37. Mean percentage response o f male Stegobium over 8-19 
days o f a d u l t l i f e a f t e r removal o f 0 , 1 , 2 and 3 c lub 
segments o f both antennae. 
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d i f f e r e n c e i n response between males w i t h 1 and 2 i n t a c t segments than those 

w i t h 2 and 3 o r 0 and 1 . Th is may i n d i c a t e t ha t there are more sex pheromone 

receptors on the d i s t a l and proximal c lub segments than the middle segment. 

A l t e r n a t i v e l y , permanent pos t -ope ra t i on shock might a f f e c t behav iour , and 

hence the decrease i n male response f o l l o w i n g amputat ion o f the d i s t a l 

segment might be t h e r e f o r e exaggerated. 

A pronounced change i n general male behaviour was observed f o l l o w i n g 

complete antennectomy. Dur ing bioassay exper iments , males repeated ly d isp layed 

a c t i v i t y which may be termed "w ing -open ing " . The e l y t r a were ra ised and 

wings expanded as i f to take f l i g h t , but in f a c t t h i s p o s i t i o n was held f o r 

several seconds wh i l e r o t a t i n g s low ly on the spo t . A l though seeming to be an 

at tempt to o r i e n t a t e in some way, t h i s behaviour on no occasion resu l t ed i n 

l o c a t i o n o f the pheromone source. Since hygroreceptors are u s u a l l y found in 

h igh concen t ra t ions on the antennae (Roth and W i l l i s , 1951), t h i s a c t i v i t y 

might be an at tempt by the insec t to gain i n fo rma t i on regard ing the humid i ty 

o f the environment by means o f receptors located elsewhere on the body. 

Antennectomy abo l i shes the humid i ty response o f Oryzaephi lus surinamensis 

(Arbogast et a 1 , 1972) which i s a l so t r u e o f many o t h e r spec ies , but repor ts 

o f wing-opening behaviour have not been found elsewhere in the l i t e r a t u r e . 

D. E f f e c t o f antennectomy on male mat ing success 

From the r e s u l t s o f the prev ious exper iments , i t may be supposed t ha t 

antennectomised males would be less successfu l in l o c a t i n g and copu la t i ng 

w i t h females than would normal , unoperated males. Tobin and Smith (1971) 

found tha t c o n t r o l male Lasioderma s e r r i c o r n e located v i r g i n females in less 

than 60 s, u s u a l l y 27 s but antennectomised males requ i red much longer , w i t h 

on l y 20% copu la t i ng s u c c e s s f u l l y . 

The mat ing success o f antennectomised male Stegobiurn was roughly 

ascer ta ined by the f o l l o w i n g exper iment . A group o f 20 males was antennectomised 

a t 5 days o l d as descr ibed in the prev ious exper iment . A c o n t r o l group o f 

20 males was l e f t i n t a c t , and a t 8 days o f age, each group was placed toge ther 
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w i t h twenty 6 -day-o ld v i r g i n females beneath an i nve r ted 15 cm-diameter 

p e t r i d i sh on f i l t e r paper. The numbers o f p a i r s " i n copu la" was recorded 

a t 5-min i n t e r v a l s f o r a t o t a l o f 30 min ( t ab l e 2 1 ) . Each group, i n c l u d i n g 

Table 21 Copula t ion success o f a group o f 20 antennectomised males placed 
w i t h 20 females , compared w i t h a s i m i l a r group o f c o n t r o l males 

no. p a i r s copu la t i ng 
t ime 
(min) antennectomised c o n t r o l 

males males 

5 0 10 

10 0 16 

15 0 16 

20 0 16 

25 2 16 

30 2 14 

the females, was then t r a n s f e r r e d to a separate c u l t u r e j a r and the number o f 

a d u l t s emerging from these c u l t u r e s was counted a t weekly i n t e r v a l s over the 

5-week emergence per iod ( f i g . 38, t a b l e 2 2 ) . I t can be seen t ha t over 85% 

Table 22 Emergence o f the o f f s p r i n g from two groups o f 20 p a i r s o f Stegobiurn; 
an exper imenta l group, in which the males had been antennectomised, 
and a c o n t r o l , unoperated group. 

week o f exper i menta1 cont ro l 

emergence nos. % nos. % 

1 58 8.5 237 30.2 

2 329 48.3 435 55.3 

3 242 35.5 99 12.6 

4 33 4 . 9 7 0 .9 

5 19 2.8 8 1.0 

t o t a l 681 786 



Figure 38. Emergence o f the o f f s p r i n g from two c u l t u r e s o f 20 male 
and 20 female parent b e e t l e s . The paren ta l males o f the 
exper imenta l group were complete ly antennectomised, and 
those f rom the c o n t r o l group l e f t i n t a c t (see t e x t ) . 
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of the o f f s p r i n g from the c o n t r o l p a i r s emerged by the end of the, second week 

in comparison w i th 57% of those from the exper imenta l group. The l a t t e r 

produced about 85% of the t o t a l number of o f f s p r i n g o f the c o n t r o l group. 

These d i f f e r e n c e s a r e not v e r y g rea t and the t e s t s should be repeated 

in o r d e r to conf i rm the t rends shown. However, c o p u l a t i o n i s q u i t e c l e a r l y 

de layed in the absence of sex pheromone s t i m u l a t i o n of ma les ; o n l y 10% of the 

antennectomised group were c o p u l a t i n g a f t e r 25 min in c o n d i t i o n s of c l o s e 

p r o x i m i t y w i t h females a t t h e i r peak of pheromone e m i s s i o n . A f t e r 10 min 

of c o n t a c t w i t h f e m a l e s , 80% of the c o n t r o l males were c o p u l a t i n g . 

The importance of the r o l e p layed by the sex pheromone in the l o c a t i o n 

of females by males i s s t r e s s e d . I t may be presumed that g iven t i m e , and a 

f a i r l y con f ined a r e a , antennectomised males encountered females by chance and 

i t i s p o s s i b l e that g u s t a t o r y r e c e p t o r s on the m a x i l l a r y and l a b i a l pa lps 

might have enabled males to r e c o g n i s e females and s t i m u l a t e them to c o p u l a t e . 

The smal l r educ t ion i n numbers of o f f s p r i n g produced by the exper imenta l 

group ( t a b l e 22) might r e f l e c t a s m a l l e r number of females f e r t i l i s e d , 

d e l a y e d f e r t i l i s a t i o n of females r e s u l t i n g in reduced f e c u n d i t y (suggested by 

the de layed peak of emergence of the o f f s p r i n g ) o r i t might be n a t u r a l 

v a r i a t i o n . 

E . Pi s c u s s i o n 

The chemosensory s e n s i l l a on the c l u b segments o f the antennae of male 

Stegobium a r e r e s p o n s i b l e f o r sex pheromone p e r c e p t i o n and t h e i r removal 

comple te ly a b o l i s h e s male response to a sex pheromone e x t r a c t . P r e d i c t a b l y , 

male l o c a t i o n and c o u r t s h i p of mature females i s de layed c o n s i d e r a b l y 

f o l l o w i n g antennectomy. In terms of s e l e c t i o n p r e s s u r e s and s u r v i v a l a t low 

d e n s i t y , the importance of the sex pheromone to the s p e c i e s i s thereby 

g r e a t l y emphasized. 

Al though the r e s u l t s ob ta ined from p r o g r e s s i v e removal o f the c l u b 

segments would suggest a h igh c o n c e n t r a t i o n of pheromone r e c e p t o r s on the 

d i s t a l segment, counts of a c t u a l numbers of s e n s i l l a do not support t h i s 
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f i n d i n g . E i t h e r a s p e c i f i c group of t r i c h o i d o r b a s i c o n i c s e n s ! 1 1 a a r e sex 
pheromone s p e c i a l i s t s and t h e i r d i s t r i b u t i o n i s uneven, o r p o s t - o p e r a t i o n shock 
i s r e s p o n s i b l e f o r t h i s l o s s of male s e n s i t i v i t y which would remain c o n s t a n t 
f o r any degree of antenna 1 amputa t ion . 

Sexual dimorphism i s not apparent in Stegobium a n t e n n a ! s e n s i l l a types 

o r d i s t r i b u t i o n . Female response to her own pheromone r e l e a s e , o r more 

probably to that of o t h e r females might p l a y an impor tan t , and as ye t 

undetermined par t in t h i s s y s t e m . T h i s w i l l be f u r t h e r d i s c u s s e d in the f i n a l 

d i s c u s s i o n . A l t e r n a t i v e l y , sexua l dimorphism may m a n i f e s t i t s e l f a t the 

m o l e c u l a r l e v e l . E lec t roantennogram s t u d i e s would be n e c e s s a r y to i n v e s t i g a t e 

t h i s poss i b i1 i t y . 
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IX GENERAL DISCUSSION 

T h i s study has been p r i m a r i l y concerned w i t h the demonstra t ion and 

i n v e s t i g a t i o n of a sex pheromone in the bread b e e t l e , Stegobium paniceum. 

The importance of t h i s method of communication between the sexes in the 

b i o l o g y of the s p e c i e s has been a p p r a i s e d , and f a c t o r s a f f e c t i n g i t s o p e r a t i o n 

s t u d i e d . The sex a t t r a c t a n t system has been shown to enhance and i n c r e a s e 

the speed of male l o c a t i o n of females a t a t ime conduc ive to maximum 

r e p r o d u c t i v e e f f i c i e n c y and s u c c e s s . 

A . Nature of the sex pheromone i n Stegobium 

P r e v i o u s work has shown, tha t in the m a j o r i t y of i n s e c t s p e c i e s 

employing a sex pheromone, the female produces the a t t r a c t a n t , to which o n l y 

males respond. Jacobson (1965, 1972) l i s t e d 283 i n s e c t s p e c i e s in which t h i s 

has been demonst ra ted , compared w i t h 107 s p e c i e s in which the male produces 

the sex a t t r a c t a n t . Stegobi urn p r o v i d e s an example of the fo rmer , l a r g e r 

c a t e g o r y . 

I t i s not a lways s imple to d i s t i n g u i s h between sex and a g g r e g a t i n g 

pheromones as was demonstrated by the pheromone system of Anthonomus grandi s 

(page k), which shows c h a r a c t e r i s t i c s of both . 

The behav iour of male Stegobi urn in the a rena dur ing e t h e r and a i r 

e x t r a c t a s s a y exper iments suggested tha t the pheromone i n i t i a t e d both 

o r i e n t a t i o n towards the odour s o u r c e and c o p u l a t o r y b e h a v i o u r , s i n c e males 

t e s t e d c o n c u r r e n t l y would r e a d i l y mount each o t h e r o n , o r v e r y n e a r , the 

pheromone- t reated d i s c . Males were never observed mounting each o t h e r in 

the absence of the pheromone, o r on the c o n t r o l d i s c of the t e s t a r e n a . 

There was a marked negat ive r e l a t i o n s h i p between"potency of the pheromone 

e x t r a c t and time taken to l o c a t e the t r e a t e d d i s c in t h e s e e x p e r i m e n t s , 

which s t r o n g l y sugges ts the p r e s e n c e of a d i s t i n c t o r i e n t a t i o n phase of the 

r e s p o n s e , a l though t h i s was not d i r e c t l y measured. Males had o n l y to cover 

about 5 cm from the point of r e l e a s e to the t r e a t e d d i s c , but t h i s was 
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commonly a c h i e v e d 2-3 s in response to 0.1 female e q u i v a l e n t of a 6 - d a y - o l d 
v i r g i n female e x t r a c t . O r i e n t a t e d movements r a t h e r than random w a l k i n g must 
be r e s p o n s i b l e f o r male l o c a t i o n and response to the sex pheromone e x t r a c t . 

V i s u a l s t i m u l a t i o n , perhaps by a Stegobium-s i zed o b j e c t , might be 

important in invok ing c o p u l a t o r y a t t e m p t s . S o l i t a r y males merely c i r c l e d 

w i t h i n the pheromone-t reated d i s c , d i s p l a y i n g no f u r t h e r sexua l b e h a v i o u r . 

Doane (1968) and Shorey and Gaston (1970) found that v i s u a l s t i m u l a t i o n was 

e s s e n t i a l in the c o p u l a t o r y behaviour of some L e p i d o p t e r a , i n c l u d i n g 

T r i c h o p l u s i a ni . 

From the above o b s e r v a t i o n s on Stegobiurn, i t i s c l e a r that females 

produce a v o l a t i l e s u b s t a n c e which a t t r a c t s o n l y m a l e s . T h i s has been shown 

to o p e r a t e over a d i s t a n c e , however s m a l l , and e x c i t e c o p u l a t o r y behaviour 

in the p resence of o t h e r m a l e s . T h i s e v i d e n c e would suggest that a sex 

pheromone i s o p e r a t i n g i n t h i s s p e c i e s , r a t h e r than an a g g r e g a t i n g pheromone 

o r a p h r o d i s i a c a c c o r d i n g to the d e f i n i t i o n s o u t l i n e d on pages k-5 o f t h i s 

t h e s i s . 

B. Behav ioura l response o f males 

(a) D i s t a n c e 

Si nee Steqobium i s a s m a l l , e s s e n t i a l l y p e d e s t r i a n i n s e c t , i t s range of 

sex pheromone communication i s most u n l i k e l y to equal t h a t of l a r g e r f l y i n g 

i n s e c t s . Moreover, under n a t u r a l c o n d i t i o n s , e s p e c i a l l y in temperate 

c l i m a t e s , a c t i v e movement of t h i s b e e t l e i s l a r g e l y c o n f i n e d to the i n t e r i o r 

of i n f e s t e d p r e m i s e s . However, l o c a t i o n of a female by a male may be p o s s i b l e 

o v e r d i s t a n c e s of s e v e r a l m e t r e s . The h a b i t a t of Steqobiurn i s v e r y much one 

of t h r e e d imensions compared w i t h the f i e l d s i t u a t i o n , where o r i e n t a t i o n of 

i n s e c t s i s l a r g e l y c o n t r o l l e d o r d i r e c t e d by s u r f a c e wind c u r r e n t s . A i r 

movements w i l l c e r t a i n l y e x i s t in a warehouse s i t u a t i o n , but they w i l l 

probably be l e s s c o n s i s t e n t and more t u r b u l e n t . 

There a r e s e v e r a l f a c t o r s which l i m i t the d i s t a n c e o v e r which o r i e n t a t i o n 

of i n s e c t s to a chemica l a t t r a c t a n t can be a c h i e v e d . These i n c l u d e the 
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e m i t t e r ' s output r a t e and d u r a t i o n of e m i s s i o n , the r e c e i v e r ' s s e n s i t i v i t y 
t h r e s h o l d c o n c e n t r a t i o n , and wind t u r b u l e n c e and v e l o c i t y . T h e o r e t i c a l 
d i s t a n c e s may be c a l c u l a t e d f o r pheromone communication by means of a formula 
which t a k e s the above f a c t o r s i n t o a c c o u n t . For t h i s formula to be u s e d , 
knowledge of the chemica l i d e n t i t y of the pheromone i s n e c e s s a r y ( B o s s e r t 
and W i l s o n , 1963; W i l s o n , B o s s e r t and R e g n i e r , 1969) . 

S i n c e Stegobium males d i s p l a y no r e c o g n i s a b l e behav ioura l i n d i c a t i o n of 

pheromone p e r c e p t i o n , d i s t a n c e s invo lved cannot be measured d i r e c t l y . 

However, i n d i v i d u a l male s u c c e s s in c h o o s i n g the c o r r e c t d i r e c t i o n o f a 

s tandard pheromone sample p laced a t v a r y i n g d i s t a n c e s from the male could be 

a s s e s s e d . T h i s should be determined i n i t i a l l y in " s t i l l a i r " , and f a c t o r s 

such as a i r movement and v a r i a b l e e m i s s i o n r a t e could be in t roduced in to t h i s 

s y s t e m . C l e a r l y , a pheromone-free environment would be e s s e n t i a l f o r such 

t e s t s . 

(b) O r i e n t a t i o n 

In many f l y i n g i n s e c t s where a pheromone communication system i s p r e s e n t , 

p o s i t i v e anemotaxis has been demonst ra ted . T h i s i n v o l v e s movement t o w a r d s , 

or d i r e c t l y in to the a i r f l o w . The pheromone a c t s a s a " r e l e a s e r " f o r t h i s 

b e h a v i o u r . P o s i t i v e anemotaxis o p e r a t e s in D r o s o p h i l a melanogaster ( K e l l o g , 

F r i z e l and W r i g h t , 1962) and Aedes aegypt i ( L . ) (Kennedy, 1939; W r i g h t , 1962) 

in both of which s p e c i e s , v i s i o n i s used to f o l l o w the ground p a t t e r n a s an 

a i d in s t e e r i n g . In a more recent s e r i e s of exper iments w i t h male Cadra 

c a u t e l l a , Kennedy and Marsh (197*0 have demonstrated guidance towards a 

pheromone produc ing female by means of a n e m o t a c t i c optomotor r e a c t i o n s . L o s s 

o f the odour s t i m u l u s changes the a n e m o t a c t i c a n g l e from upwind to an a c r o s s -

wind o r i e n t a t i o n , which i s f r e q u e n t l y r e v e r s e d . 

I t would be i n t e r e s t i n g to e v a l u a t e the importance of f l i g h t in Steqobiurn 

and determine the f a c t o r ( s ) s t i m u l a t i n g t h i s b e h a v i o u r . No p o s i t i v e r e f e r e n c e 

to f l i g h t in t h i s s p e c i e s has been encountered in the l i t e r a t u r e , but d u r i n g 

the c o u r s e of the p r e s e n t r e s e a r c h i t has been observed on many o c c a s i o n s . 



Only once d id a male f l y from the t e s t a r e n a , s u g g e s t i n g tha t t h e r e i s e i t h e r 

no connec t ion w i t h pheromone o r i e n t a t i o n , o r tha t i t i s a long range 

a n e m o t a c t i c r e s p o n s e . The r e l a t i v e l y r a r e i n c i d e n c e of f l i g h t would f a v o u r 

the former i n t e r p r e t a t i o n , a l though f u r t h e r work in t h i s d i r e c t i o n would be 

j u s t i f i e d . 

The mechanism of behav ioura l o r i e n t a t i o n towards an odour s o u r c e has 

not been i n v e s t i g a t e d in t h i s s tudy except f o r a shor t s e r i e s of t e s t s 

des igned to i n d i c a t e whether a c h e m o - o r t h o k i n e s i s response was i n v o l v e d 

whereby the r a t e o f l i n e a r p r o g r e s s i o n changes in response to pheromone 

s t i m u l a t i o n . The r e s u l t s of t h e s e e x p e r i m e n t s , toge ther w i t h d e t a i l s of t e s t 

procedure a r e shown in Appendix IV . No tendency towards an i n c r e a s e in the 

r a t e of locomotion i n the p r e s e n c e of a pheromone s o u r c e was demonst ra ted . 

Indeed, i t was s i g n i f i c a n t l y reduced when l i v e females were used a s the 

s o u r c e o f a t t r a c t a n t . T r a y n i e r (1968) found t h a t in Anagasta k u h n i e l l a , a 

c h e m o - o r t h o k i n e s i s r e a c t i o n o c c u r r e d near the pheromone s o u r c e and tha t a 

reduct ion in f l i g h t speed r e s u l t e d from an i n c r e a s e d c o n c e n t r a t i o n of the 

a t t r a c t a n t . The r e s u l t o f a s i m i l a r phenomenon may have been r e s p o n s i b l e f o r 

the reduced r a t e of p r o g r e s s i o n in male Steqobiurn in c l o s e p r o x i m i t y to 10 

pheromone-emit t ing v i r g i n f e m a l e s . 

A f a r more comprehensive s e r i e s of t e s t s would be n e c e s s a r y to i n v e s t i g a t e 

the p o s s i b i l i t i e s o u t l i n e d above and f o r the mechanism of o r i e n t a t i o n in 

Stegobi urn to be f u l l y unders tood . The apparent reduc t ion in male l i n e a r 

p r o g r e s s i o n might have r e s u l t e d from the i n i t i a t i o n of a t a x i s response in 

the p r e s e n c e of a s teep c o n c e n t r a t i o n g r a d i e n t . An i n s e c t might make 

s u c c e s s i v e compar isons of odour c o n c e n t r a t i o n by swinging both antennae from 

one s i d e o f the body to the o t h e r ( c h e m o - k l i n o t a x i s ) or s imul taneous comparisons 

of both s i d e s ( c h e m o - t r o p o t a x i s ) . In e i t h e r c a s e , the responding i n d i v i d u a l 

t u r n s towards the s i d e of maximum s t i m u l a t i o n , thus moving up the c o n c e n t r a t i o n 

g rad ien t towards the s o u r c e . 
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(c ) Response t h r e s h o l d s 

In many i n s e c t s , behav ioura l response to a sex pheromone i s composed of 

a s e r i e s of f i x e d s t e p s , each o f which r e q u i r e s a h igher pheromone c o n c e n t r a t i o n 

than the p r e v i o u s o n e . In a n a t u r a l s i t u a t i o n , t h e r e f o r e , an i n s e c t 

approach ing the pheromone s o u r c e would pass through a l l the n e c e s s a r y s t a g e s 

of behav ioura l r e s p o n s e , normal ly c u l m i n a t i n g in c o p u l a t i o n . Shorey (1973) 

c a l l e d t h i s phenomenon a " r e s p o n s e h i e r a r c h y " , Ep iphyas p o s t v i t t a n a d i s p l a y s 

f o u r w e l l - d e f i n e d behav ioura l s t e p s in i t s response sequence; an tenna l e l e v a t i o n , 

a c t i v a t i o n ( i n c l u d i n g f l i g h t ) , upwind o r i e n t a t i o n and c o p u l a t o r y movements. 

In l a b o r a t o r y a s s a y , g r e a t e r c o n c e n t r a t i o n s of pheromone were n e c e s s a r y to 

e l i c i t the s u c c e s s i v e e lements in t h i s response sequence ( B a r t e l l and S h o r e y , 

1969 * ) . 

Stegobiurn i s not o b v i o u s l y s u i t a b l e f o r t h i s type of study s i n c e the 

behav ioura l response appears not to f a l l i n to w e l l - d e f i n e d u n i t s . Moreover, 

a s s a y of s e r i a l l y d i l u t e d female e t h e r e x t r a c t s was not des igned to demonstrate 

male response a t d i f f e r e n t l e v e l s . In e f f e c t , the e x t r a p o l a t e d response 

t h r e s h o l d c o n c e n t r a t i o n of 0 .0004 female e q u i v a l e n t s f o r males might be much 

h i g h e r than the c o n c e n t r a t i o n n e c e s s a r y to s t i m u l a t e behav iour a t a lower 

l e v e l in the " h i e r a r c h y " , f o r example, male a c t i v a t i o n . 

C . Female pheromone produc t ion and i t s t im ing in r e l a t i o n to r e p r o d u c t i v e 
even ts 

(a) S y n t h e s i s 

The g l a n d u l a r t i s s u e r e s p o n s i b l e f o r pheromone s y n t h e s i s has not been 

i d e n t i f i e d in Stegobi urn, but a s shown by the r e s u l t s g iven in Appendix V , i t 

i s thought to be l o c a t e d in the abdomen of the f e m a l e . The p r e s e n c e o f a 

smal l degree of male response (maximum 30-40%) to d i e t h y l e t h e r e x t r a c t s of 

the head and t h o r a c e s of females s u g g e s t s that the pheromone i s adsorbed i n t o 

the e p i c u t i c u l a r waxes as T s c h i n k e l et a l (1967) demonstrated in Tenebr io 

moli t o r . 

(b) Pheromone content and e m i s s i o n ra te r e l a t i o n s h i p in v i r g i n females 

Al though a d u l t female Stegobiurn remain in the pupal cocoon f o r k-5 days 
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a f t e r e c l o s i o n , about 20% o f males found 0 -day and 1 -day -o ld female e t h e r 
e x t r a c t s a t t r a c t i v e . L i v e females and a i r e x t r a c t d i s c s from females of 
t h e s e age groups were not a t t r a c t i v e to m a l e s . C l e a r l y , pheromone s y n t h e s i s 
probab ly beg inn ing in the pupal s t a g e , i s under way dur ing the e a r l y a d u l t 
pe r iod of ovary matura t ion in the cocoon. E m i s s i o n of the sex pheromone was 
not i n d i c a t e d by male response to a i r e x t r a c t d i s c s , or to l i v e females in 
g e l a t i n e c a p s u l e s u n t i l females were 3 days o l d . Pheromone r e l e a s e r a p i d l y 
reached i t s maximum l e v e l s (60-70% male response to a i r e x t r a c t d i s c s ) in 
k to 5 - d a y - o l d f e m a l e s . The l o s s of pheromone by e m i s s i o n might d e p l e t e the 
s y n t h e s i s e d s t o r e of a t t r a c t a n t r e s u l t i n g in maximum pheromone content l e v e l 
being de layed u n t i l females were 5 o r 6 days o l d . 

As d i s c u s s e d in s e c t i o n V I , par t C ( a ) , the premature peak of pheromone 

e m i s s i o n t w i c e recorded from 1 2 - h o u r - o l d females ( i n d i c a t e d by 30% and 5% ma 

response r e s p e c t i v e l y ) might be u n a v o i d a b l e , due to " l e a k a g e " through the 

c u t i c l e be fore p r o t e i n tann ing i s comple te . 

In 3 to 4 - d a y - o l d f e m a l e s , t e rmina l oocy te length had reached i t s 

maximum, and mature o o c y t e s had moved down in to the c a l y x in synchrony w i t h 

a t ta inment of s u b s t a n t i a l l e v e l s of pheromone e m i s s i o n . C o p u l a t i o n may 

presumably o c c u r immediately a f t e r emergence from the cocoon. O v i p o s i t i o n 

was f i r s t recorded when females were 4 - 5 days o l d . 

( c ) C o p u l a t i o n 

The e f f e c t o f mating upon female pheromone e m i s s i o n in Stegobiurn i s by 

no means f u l l y u n d e r s t o o d . The pheromone content of mated females was o n l y 

s l i g h t l y reduced ( to about 85% of that e x t r a c t e d from s i m i l a r - a g e d v i r g i n 

females c a l c u l a t e d by u s i n g f i g u r e 12 a s a c a l i b r a t i o n c u r v e ) in 6 - d a y - o l d 

f e m a l e s , a l though i t s u b s e q u e n t l y d e c r e a s e d more r a p i d l y in mated, a s 

compared w i t h v i r g i n females of the same age groups . T h i s might be an 

i n d i r e c t e f f e c t o f e a r l i e r s e n e s c e n c e , s i nee e g g - l a y i n g , a f t e r mat ing , 

c o n s t i t u t e s a major l o s s of s t o r e d food r e s e r v e s . 

Pheromone e m i s s i o n o s c i l l a t e d markedly a f t e r c o p u l a t i o n . In two s e r i e s 
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of e x p e r i m e n t s , two peaks of pheromone e m i s s i o n on day 7 and 9 a l t e r n a t e d w i t h 

v e r y l i t t l e male response to a i r e x t r a c t s o f 6 and 8 - d a y - o l d mated f e m a l e s . 

S i n c e both groups o f 25 females d i s p l a y e d t h i s o s c i l l a t i o n a t e x a c t l y the 

same t i m e s , u n a v o i d a b l e , o r u n c o n t r o l l e d l o s s of pheromone i s not thought 

to be o c c u r r i n g . With the a v a i l a b l e e v i d e n c e , i t can on ly be presumed tha t 

the peaks of pheromone e m i s s i o n c o i n c i d e w i t h p e r i o d s when females need to 

c o p u l a t e f o r a second (or t h i r d ) t ime in o r d e r to m a i n t a i n maximum f e r t i l i t y 

of eggs produced. I t was shown tha t the number of eggs l a i d per female was 

not i n f l u e n c e d by m u l t i p l e mat ing . S i n c e f e r t i l i t y of eggs was not e s t i m a t e d 

in t h i s s t u d y , the q u e s t i o n cannot be e l u c i d a t e d f u r t h e r . 

M u l t i p l e mating was observed f r e q u e n t l y a f t e r the onset of o v i p o s i t i o n 

and i t may be supposed tha t pheromone e m i s s i o n can be c o n t r o l l e d by females 

so t h a t a male i s a t t r a c t e d when n e c e s s a r y , w h i l e o v i p o s i t i o n p e r i o d s remain 

undi s t u r b e d . 

During the o v i p o s i t i o n s t u d i e s ( s e c t i o n V I I , pa r t E) in the c o u r s e of 

which the number of eggs produced per female was counted e v e r y d a y , females 

were kept s i n g l y , o r w i t h one male . No p a t t e r n of egg l a y i n g was e v i d e n t , 

a l t h o u g h the a i r e x t r a c t r e s u l t s might have suggested that g r e a t e r numbers of 

eggs would be l a i d on a l t e r n a t e d a y s . The h y p o t h e s i s proposed here i s tha t 

by p l a c i n g females in groups of 25 f o r the purposes o f a i r e x t r a c t i o n ( they 

were kept toge ther permanent ly , not o n l y f o r the a c t u a l e x t r a c t i o n p e r i o d s ) 

o v i p o s i t i o n and pheromone e m i s s i o n became s y n c h r o n i s e d and c y c l i c a l . T h i s 

might be a d i r e c t response of females to each o t h e r , w i t h the obv ious 

p o t e n t i a l advantage o f a t t r a c t i n g more males by combined pheromone o u t p u t , o r 

a r e s u l t of a s y n c h r o n i s i n g event common to t h e s e female g roups . The u n i f o r m i t y 

of age of the females ( e c l o s i o n o c c u r r e d a t t ime t - 30 min) might have 

r e s u l t e d in a high degree o f synchrony of the group throughout the exper imenta l 

p e r i o d , o r the point o f s e p a r a t i o n from males a t the beg inn ing of day s i x 

might have " s e t " the t im ing of f u t u r e e v e n t s . 

The e f f e c t of grouping the females in the a i r e x t r a c t exper iments might 
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be of consequence o t h e r than in the s y n c h r o n i s a t i o n of o v i p o s i t i o n and 
pheromone e m i s s i o n in Stegobiurn. P e a r l (1932) and Sameoto and M i l l e r (1966) 
found tha t female D r o s o p h i l a melanogaster and D .s imulans kept in groups 
produced fewer eggs per female than i s o l a t e d f l i e s , probably a s a r e s u l t o f 
i n t e r f e r e n c e between i n d i v i d u a l s . Husain and Mathure (194-5) demonstrated 
that crowded S c h i s t o c e r c a q r e q a r i a matured t h e i r eggs more r a p i d l y than 
i s o l a t e d f e m a l e s . In t h i s c a s e , i n c r e a s e d a c t i v i t y was found to enhance 
n e u r o s e c r e t a r y hormone r e l e a s e n e c e s s a r y f o r egg matura t ion (Highnam and 
H a s k e l l , 1964 ) . In L o c u s t a m i g r a t o r i a , however, the r e v e r s e e f f e c t was 
observed a s a r e s u l t o f crowding ( N o r r i s , 1950 ) . 

I t i s apparent from the examples g iven above , that grouping of female 

Stegobiurn mi ght have had a pronounced e f f e c t upon the r e s u l t s ob ta ined in 

the a i r e x t r a c t i o n exper iments w i t h p a r t i c u l a r emphasis on the r e p r o d u c t i v e 

s y s t e m . Apart from a p o s s i b l e s y n c h r o n i s a t i o n of mating and o v i p o s i t i o n i n 

grouped f e m a l e s , t iming of egg m a t u r a t i o n , repeated c o p u l a t i o n and o v i p o s i t i o n 

might have been i n f l u e n c e d . In o r d e r to f u l l y a p p r e c i a t e the e f f e c t o f mating 

upon pheromone e m i s s i o n in female Stegobi urn, the importance and s i g n i f i c a n c e 

o f repeated mating must be de te rmined , and the mechanism of p h y s i o l o g i c a l 

c o n t r o l o f pheromone s y n t h e s i s and e m i s s i o n i n v e s t i g a t e d . M o d i f i c a t i o n of 

the a i r e x t r a c t i o n techn ique in o r d e r to monitor pheromone e m i s s i o n in 

i n d i v i d u a l females might be a s u i t a b l e approach to such a s t u d y . 

D. "Wi ld" and l a b o r a t o r y s t r a i n s 

Shorey (1974) has r e c e n t l y c r i t i c i s e d comparat ive work on the sex 

pheromone of d i f f e r e n t s t r a i n s of a s i n g l e s p e c i e s on the grounds t h a t 

month ly , s e a s o n a l and o t h e r p e r i o d i c v a r i a t i o n s might lead to d i f f e r e n c e s in 

the pheromone " b a l a n c e " of the s t r a i n . One might , f o r example, be t e s t i n g 

the " h i g h p o i n t " of one s t r a i n and the " low p o i n t " of the o t h e r , g i v i n g 

d i f f e r e n c e s which a r e o n l y rea l on a temporary b a s i s . Sower e t a 1 (1972) 

found tha t unexp la ined popu la t ion d e n s i t y changes in l a b o r a t o r y s t r a i n 

T r i c h o p l u s i a ni r e s u l t e d in marked v a r i a t i o n i n the amount of e x t r a c t a b l e 
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pheromone from f e m a l e s , and i t s r e l e a s e r a t e . 

The l a b o r a t o r y s t r a i n of Stegobiurn was g iven no known envi ronmenta l c l u e s 

beyond the d a i l y photoper iod and the re were no n o t i c e a b l e v a r i a t i o n s in 

popu la t ion d e n s i t y in the c u l t u r e s . The env i ronmenta l c o n d i t i o n s and 

popu la t ion d e n s i t y from which the " w i l d " s t r a i n was taken i s not known a p a r t 

from the temperature and humidi ty measurements in the bakery (page 9 ) . The 

pheromone content o f " w i l d " females was v e r y s i m i l a r to that found in l a b o r a t o r y 

females when e x t r a c t s of both were b i o a s s a y e d w i t h l a b o r a t o r y m a l e s , but t h i s 

might not n e c e s s a r i l y be the c a s e w i t h a s t r a i n of b e e t l e s from a d i f f e r e n t 

popu la t ion d e n s i t y s i t u a t i o n . A s tudy o f a s e r i e s of i n f e s t e d s i t e s , w i t h 

subsequent l a b o r a t o r y t e s t i n g of e x t r a c t a b l e pheromone from females would be 

n e c e s s a r y to examine t h i s problem. 

Al though the i n t e n s i t y of male response might va ry in " w i l d " Stegobi urn 

p o p u l a t i o n s , the genera l p a t t e r n of male response over t h e i r l i f e span 

probably remains f a i r l y c o n s t a n t . The v e r y rap id r a t e of i n c r e a s e in the 

pheromone response of young males of the " w i l d " form a t sexual m a t u r i t y (3 -5 

days) i s thought to i n d i c a t e a s i g n i f i c a n t s e l e c t i v e f a c t o r which has d e c l i n e d 

i n importance w i t h cont inuous l a b o r a t o r y r e a r i n g over a long p e r i o d . 

The sex pheromone system of some i n s e c t s p e c i e s i s known to be non

uni form throughout t h e i r geograph ica l range . L a n i e r (1972) has demonstrated 

t h i s e f f e c t in I ps p i n i (Say) in North A m e r i c a , where t h e r e a r e g rea t 

d i f f e r e n c e s between the pheromone systems of e a s t e r n and western p o p u l a t i o n s . 

Azab (195*0 d e s c r i b e d two r a c e s o f Stegobium, an American " t o b a c c o r a c e " 

and a European " f l o u r r a c e " , both of which d i s p l a y e d marked p r e f e r e n c e s f o r 

t h e i r r e s p e c t i v e l a r v a l food medium f o r o v i p o s i t i o n s i t e s . I t would be 

I n t e r e s t i n g to i n v e s t i g a t e the pheromone systems of t h e s e s t r a i n s c o m p a r a t i v e l y . 

In a s t o r e d - p r o d u c t i n s e c t , where p o p u l a t i o n s might tend to become 

i n s u l a r , gene- f low between breeding p o p u l a t i o n s might be r a t h e r r e s t r i c t e d . 

Races and s u b - s p e c i e s cou ld e a s i l y a r i s e from t h i s s i t u a t i o n w i t h the sex 

pheromone, perhaps e v e n t u a l l y o p e r a t i n g as an i s o l a t i n g f a c t o r ( i f smal l 
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changes o c c u r r e d in i t s chemica l s t r u c t u r e ) a s w e l l a s food p r e f e r e n c e . 
E . F u r t h e r r e s e a r c h and a p p l i c a t i o n of r e s u l t s 

Apar t from the t o p i c s f o r f u r t h e r i n v e s t i g a t i o n a l r e a d y o u t l i n e d in the 

p resen t s e c t i o n and throughout t h i s t h e s i s , s t u d i e s which would e i t h e r 

c o n t r i b u t e to the unders tand ing of the sex pheromone system o r p r o v i d e 

p o s s i b l e a p p l i c a t i o n f o r the s y s t e m , a r e g iven below, 

(a) P h y s i o l o g i c a l c o n t r o l of pheromone s y n t h e s i s and e m i s s i o n 

B a r t h (1965) proposed the h y p o t h e s i s tha t in i n s e c t s which matured more 

than one batch of e g g s , pheromone product ion and r e l e a s e i s probably under 

hormonal c o n t r o l . He proved t h i s to be the c a s e p r e v i o u s l y ( B a r t h , 1961 , 1962) 

in the cockroach s p e c i e s , B y r o s o t r i a fumiqata (Guer in ) and P y c n o s c e l u s 

s u r i namensi s L . The corpus a 1 latum was found to be r e s p o n s i b l e f o r pheromone 

s e c r e t i o n in t h e s e s p e c i e s , and in Tenebr io moli to r (Menon, 1970) . B a r t h 

(1965) s i m i l a r l y expected s h o r t - l i v e d a d u l t i n s e c t s , which mature o n l y one 

batch of eggs to be independent of hormonal c o n t r o l w i t h r e s p e c t to pheromone 

p r o d u c t i o n which he demonstrated in the C h i n e s e s i l k m o t h , Antheraea perny? 

( G u e r i n - M e n e v i 1 l e ) . S i m i l a r s t u d i e s i n v o l v i n g corpus a 1 latum a b l a t i o n have 

shown t h a t pheromone product ion i n Bombyx mori , a s h o r t - l i v e d , n o n - f e e d i n g 

a d u l t i s not under hormonal c o n t r o l ( S t e i n b r e c h t , 1964) nor i s i t in the wax 

moth, G a l l e r i a m e l l o n e ! l a L . ( R o l l e r , Piepho and H o l z , 1963) . B a r t h ( I965) 

suggested that in s h o r t - l i v e d s p e c i e s t h e r e might be an automat ic " s w i t c h - o n " 

o f pheromone produc t ion a t sexua l m a t u r i t y and that t h e r e i s thus no n e c e s s i t y 

f o r d i r e c t and cont inued hormonal c o n t r o l . He commented upon the s h o r t a g e of 

in fo rmat ion on s p e c i e s w i t h an i n t e r m e d i a t e l i f e span and the c o n c e n t r a t i o n 

o f work on o n l y ex t reme ly shor t o r l o n g - l i v e d s p e c i e s . In t h i s c o n t e x t , 

Stegobi urn wouId probably q u a l i f y a s a s p e c i e s o f i n t e r m e d i a t e l i f e s p a n . 

As m u l t i p l e mating has been observed and c o n t r o l of pheromone e m i s s i o n 

s u g g e s t e d , neuroendocr ine c o n t r o l o f the pheromone system might be p o s s i b l e . 

A l l a t e c t o m y of Stegobi urn might , however, prove d i f f i c u l t because of the v e r y 

smal l s i z e of the i n s e c t . 
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(b) Chemical i d e n t i f i c a t i o n o f the pheromone 

P u r i f i c a t i o n and chemica l i d e n t i f i c a t i o n of the pheromone produced by 

female Steqobiurn has not been at tempted in the p resen t s t u d y . Complex and 

s p e c i a l i s e d b iochemica l and b i o p h y s i c a l t e c h n i q u e s a r e requ i red f o r a n a l y s i s 

o f a pure pheromone sample , i n c l u d i n g gas chromatography, u l t r a v i o l e t and 

i n f r a r e d s p e c t r o s c o p y to determine f u n c t i o n a l g roups , and mass spec t romet ry 

to determine m o l e c u l a r formulae and f r a g m e n t a t i o n . 

Such work has o f t e n r e v e a l e d complexes of two o r more compounds making 

up a sex a t t r a c t a n t . The a g g r e g a t i o n pheromone of the b o l l w e e v i l , Anthonomus 

qrandi s i s a mix ture of four compounds (Tuml inson , Hardee, G u e l d n e r , Thompson, 

Hedin and Minyard , 1969) . Ikan et a l (1969) and Y i n o n , Shulov and Ikan (1971) 

i d e n t i f i e d the a s s e m b l i n g s c e n t o f Trogoderma granar ium to be a mix ture o f 

f i v e f a t t y a c i d e s t e r s , each of which i s as a t t r a c t i v e a l o n e a s the whole 

m i x t u r e . Tamaki , Noguchi , Yushima and Hi rano ( 1 9 7 0 i d e n t i f i e d two components 

o f the sex pheromone of Adoxophyes o r a n a . Ne i the r was a t t r a c t i v e a l o n e , but 

a mix ture of both was h i g h l y a t t r a c t i v e . 

I t would be a wor thwhi le study to i d e n t i f y the sex pheromone of Steqobi urn, 

not o n l y f o r the sake of de te rmin ing i t s chemica l f o r m u l a , but to enab le a 

s y n t h e t i c v e r s i o n of the pheromone to be used in b i o a s s a y exper iments in 

p r e c i s e l y known q u a n t i t i e s . 

(c ) E c o l o g i c a l i m p l i c a t i o n s and importance of the sex pheromone in the 
n a t u r a l h a b i t a t . 

In o r d e r to f u l l y a p p r e c i a t e the r o l e of the sex pheromone in Stegobium, 

i t would be important to demonstrate and a n a l y s e the par t p layed by the sex 

a t t r a c t a n t in n a t u r a l c o n d i t i o n s and i t s i n f l u e n c e upon the popu la t ion 

dynamics of the s p e c i e s . Undoubtedly , s u r v i v a l o f p o p u l a t i o n s a t low d e n s i t y 

and p o p u l a t i o n i n c r e a s e i s enhanced by t h i s system of communication between 

the s e x e s . At h igh d e n s i t y , however, popu la t ion i n c r e a s e might be r e s t r i c t e d 

a s a r e s u l t of s a t u r a t i o n of the atmosphere w i t h the pheromone, and e n s u i n g 

male " c o n f u s i o n " o r f a i l u r e to o r i e n t a t e towards a s i n g l e pheromone s o u r c e 

( i e . an e m i t t i n g female) might r e s u l t . In o r d e r to s tudy t h e s e e f f e c t s , i t 

75 ) 
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would be n e c e s s a r y to determine the minimum d e n s i t y requ i red f o r s u r v i v a l and 

the e f f e c t o f d e n s i t y upon popu la t ion growth and female e f f e c t i v e f e c u n d i t y . 

An i n v e s t i g a t i o n of s u b - p o p u l a t i o n s of b e e t l e s in p a r t s of i n f e s t e d b u i l d i n g s 

would be an e s s e n t i a l pa r t of such a s t u d y . 

Azab (1954) found tha t female Stegobi urn r e q u i r e a s u i t a b l e o v i p o s i t i o n 

s i t e be fore eggs a r e l a i d , which i s o f t e n the f e m a l e ' s own l a r v a l food medium. 

He a l s o suggested that l o c a t i o n of such m a t e r i a l s was by o l f a c t o r y means. 

T h i s was demonstrated by means of an exper iment in which cot ton wool was 

contaminated w i t h the odour of food m a t e r i a l , in which females r e a d i l y l a i d 

eggs: uncontaminated c o t t o n wool f a i l e d to s t i m u l a t e females to o v i p o s i t . 

These r e s u l t s suggest the p o s s i b i l i t y tha t mature females might tend to c o l l e c t , 

perhaps before they a r e f e r t i l i s e d , a t a s u i t a b l e o v i p o s i t i o n s i t e . F u r t h e r m o r e , 

males might a l s o respond and o r i e n t a t e toward such food m a t e r i a l s , and u s e the 

sex pheromone a t c l o s e r range f o r f i n a l l o c a t i o n o f the female , 

(d) B i o l o g i c a l c o n t r o l 

S i n c e Stegobi urn poses a problem of hygiene in food s t o r a g e and p r o c e s s i n g 

b u i l d i n g s , the p o s s i b i l i t y of u s i n g the sex pheromone a s a n o n - i n s e c t i c i d a 1 

c o n t r o l mechanism i s worthy of c o n s i d e r a t i o n . There a r e s e v e r a l approaches to 

t h i s problem. Male i n h i b i t i o n o r " c o n f u s i o n " as mentioned above might be 

a c h i e v e d by a r t i f i c i a l l y permeat ing the a i r w i t h the pheromone r e s u l t i n g in 

h a b i t u a t i o n and f a i l u r e to o r i e n t a t e w i t h i n the background l e v e l . A l t e r n a t i v e l y , 

the pheromone cou ld be used to b a i t t r a p s , where a t t r a c t e d males a r e then 

exposed to a t o x i c a n t o r c h e m o s t e r i l a n t . 

The range of male o r i e n t a t i o n to v a r i o u s c o n c e n t r a t i o n s of a pheromone 

s o u r c e under n a t u r a l c o n d i t i o n s would have to be e s t a b l i s h e d before the 

f e a s i b i l i t y of the above measures cou ld be a s s e s s e d . For example, pheromone-

b a i t e d t r a p s would not be p r a c t i c a b l e i f males were r e c e p t i v e o n l y over 1-2 m 

to a c o n c e n t r a t e d b a i t . However, should t h i s not be a problem, a s u i t a b l e 

t o x i c a n t or c h e m o s t e r i l a n t would have to be found e x p e r i m e n t a l l y . C l e a r l y , 

a s t e r i l i s i n g agent which d id not reduce male c o m p e t i t i v e n e s s f o r f e m a l e s , 
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compared w i t h u n t r e a t e d m a l e s , would be e s s e n t i a l . Male s t e r i l i s a t i o n has 

o f t e n proved more e f f e c t i v e in i n s e c t c o n t r o l than d i r e c t e l i m i n a t i o n of 

m a l e s . 

Before c o n s i d e r a t i o n of any such e x p l o i t a t i o n of the sex pheromone of 

Stegobiurn, a g r e a t e r unders tand ing of the system and i t s r o l e in the b io logy 

o f the s p e c i e s i s c l e a r l y n e c e s s a r y . 
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SUMMARY 

1. Stegobium was reared in the l a b o r a t o r y a t 30°C and 75% r . h . Under t h e s e 

c o n d i t i o n s , the developmental pe r iod from egg to a d u l t was approx imate ly 

43 d a y s . Methods of i n s e c t c u l t u r e and r e a r i n g of exper imenta l i n s e c t s 

a r e di s c u s s e d . 

2 . In a rena a s s a y e x p e r i m e n t s , chemica l a t t r a c t i o n of male Stegobium to l i v e 

females c o n f i n e d in punctured g e l a t i n e c a p s u l e s was demonst ra ted . Males 

were not a t t r a c t e d to o t h e r m a l e s , and females f a i l e d to respond to e i t h e r 

s e x . 

3 . Maximum response of males to l i v e , e n c a p s u l a t e d females o c c u r r e d over 

the f i r s t 5 min of the 30-min a s s a y p e r i o d , reach ing a lmost 50% p o s i t i v e 

r e s p o n s e . 

4 . Males f i r s t responded to l i v e females of 3 -4 days o l d but reached maximum 

response l e v e l s to 7 to 8 - d a y - o l d f e m a l e s . O lder females became l e s s 

a t t r a c t i v e to m a l e s . Males f i r s t became r e s p o n s i v e to l i v e females a t 

the age of 5 days, and from 6-7 days onwards they ma in ta ined a f a i r l y h igh 

and c o n s t a n t l e v e l o f response which d e c r e a s e d s h o r t l y be fore death (17-20 

d a y s ) . 

5 . Male response to d i e t h y l e t h e r e x t r a c t s of females fo l lowed a t y p i c a l , 

a lmost l i n e a r , r e g r e s s i o n phase o v e r approx imate ly the f i r s t 10 days of 

a d u l t l i f e , fo l lowed by a p l a t e a u p h a s e , dur ing which maximum male response 

l e v e l s were main ta ined f o r about 6 d a y s . Response l e v e l s d e c l i n e d w i t h 

male s e n e s c e n c e a t 17-20 days of a g e . 

6 . The age a t which female Stegobiurn were e x t r a c t e d in e t h e r produced 

s i g n i f i c a n t d i f f e r e n c e s in male r e s p o n s e . Newly e c l o s e d ( 0 - d a y - o l d ) and 

1 -day -o ld females e l i c i t e d a smal l degree o f response from m a l e s , b a r e l y 

exceed ing 20%. Maximum male response was e l i c i t e d by 6 and 9 - d a y - o l d v i r g i n 

female e x t r a c t s (90-95%) , a l though 16 and 2 3 - d a y - o l d v i r g i n female e x t r a c t s 

provoked c o n s i d e r a b l e response from m a l e s , r e a c h i n g about 85% and 74% 

r e s p e c t i v e l y . 



7 . S o l v e n t e x t r a c t s of females which had p r e v i o u s l y mated were o n l y a l i t t l e 

l e s s a t t r a c t i v e than v i r g i n females of the same a g e . The d i f f e r e n c e in 

male response was s i g n i f i c a n t a t about 8% over 1-16 days of the male l i f e 

s p a n . 

8 . Males which had been in cont inuous c o n t a c t w i th f e m a l e s , o r which had 

been exposed to a pheromone e x t r a c t f o r the f i r s t 6 days of a d u l t l i f e , 

e x h i b i t e d a much d i m i n i s h e d response to a 6v e x t r a c t in comparison w i t h 

c o n t r o l m a l e s . T h i s was thought to r e s u l t from a d a p t a t i o n of the chemo-

r e c e p t o r s and the c o n s e q u e n t i a l i n c r e a s e in the t h r e s h o l d l e v e l o f male 

r e s p o n s e . Normal male response l e v e l s were p a r t i a l l y but never f u l l y 

recovered when the s t i m u l u s was removed, but the response of males kept 

in cont inuous c o n t a c t w i t h a pheromone s o u r c e was c o n s i d e r a b l y subdued, 

never exceed ing about 20%. 

9 . By means of s e r i a l d i l u t i o n of a 6v e x t r a c t , and b i o a s s a y w i t h m a l e s , 

an approximate minimum response t h r e s h o l d was e x t r a p o l a t e d to 0% male 

response a t a c o n c e n t r a t i o n of 0.0k females per ml s o l v e n t (0 .0004 female 

equi v a l e n t s ) . 

10. I n d i v i d u a l males t e s t e d d a i l y f o r t h e i r response to a 6v e x t r a c t r e v e a l e d 

t h a t males w i t h a s h o r t e r than average l i f e expec tancy tended to be l e s s 

r e s p o n s i v e to the sex pheromone than l o n g e r - l i v e d m a l e s . I f a male 

responded p o s i t i v e l y on day n i t was c a l c u l a t e d that t h i s p o s i t i v e response 

would be repeated on day n+1 on 87% of o c c a s i o n s . A f t e r a n e g a t i v e response 

on day n , the p r o b a b i l i t y o f a p o s i t i v e o r n e g a t i v e response on day n+1 

was about 50%. Almost 40% of males f a i l e d to respond on the day p r i o r to 

death r e g a r d l e s s of t h e i r p r e v i o u s response r e c o r d . 

11. Pheromone was c o l l e c t e d by a d s o r p t i o n from an a i r s t ream which had 

p r e v i o u s l y passed through a chamber c o n t a i n i n g l i v e f e m a l e s . T h i s method 

of a i r e x t r a c t i o n and subsequent b i o a s s a y of the pheromone c o l l e c t i o n 

d i s c s w i t h males r e v e a l e d that pheromone e m i s s i o n in v i r g i n females began 

on about day 3 and maximum e m i s s i o n r a t e s were a t t a i n e d by k-S d a y s . 
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12. A f t e r s e p a r a t i o n from males on day 6 , pheromone e m i s s i o n r a t e s of mated 

females rose and f e l l s h a r p l y on a l t e r n a t e days u n t i l day 10 -11 , when 

the response of 1 0 - d a y - o l d males to a i r e x t r a c t s became l e s s e r r a t i c . 

P o s s i b l e e x p l a n a t i o n s of t h i s phenomenon a r e d i s c u s s e d . 

13. The a i r e x t r a c t i o n techn ique was shown to c o l l e c t o n l y a c e r t a i n (and 

probably s m a l l ) p r o p o r t i o n of the t o t a l pheromone output from f e m a l e s , 

s i n c e th ree c o l l e c t i o n d i s c s p laced in s e r i e s e l i c i t e d a lmost equal 

responses from m a l e s . C o l l e c t i o n f o r 2 h i n s t e a d of 1 h i n c r e a s e d the 

amount of pheromone adsorbed on to the d i s c , but e x t r a c t i o n of 50 females 

i n s t e a d of 25 d id not r e s u l t in a g r e a t e r male response to the c o l l e c t i o n 

di s c s . 

Ik. The r e p r o d u c t i v e system of females between 0 and 5 days was examined by 

d i s s e c t i o n . T h r e e - d a y - o l d females were shown to c o n t a i n some mature 

o o c y t e s in the c a l y x . The te rmina l o o c y t e s in the o v a r i o l e s reached 

maximum length by day 3 , but the whole ovary cont inued to i n c r e a s e in 

length up to 5 days of a g e , main ly a s a r e s u l t o f s w e l l i n g of the c a l y x 

w i t h mature o o c y t e s . 

15. H i s t o l o g i c a l s e c t i o n i n g of the o v a r i e s showed that 1 -day -o ld females 

conta ined no t r u e f o l l i c l e s in the o v a r i o l e s , a l though by day 2- the 

f o l l i c l e c e l l s had passed through the columnar to the cubo ida l s tage of 

development. T h r e e - d a y - o l d females were a g a i n r e v e a l e d to c o n t a i n 

mature c h o r i o n a t e d o o c y t e s , which g r e a t l y i n c r e a s e d in numbers by day k. 

16. Copu la to ry behaviour i s d e s c r i b e d . T r a n s f e r e n c e o f the spermatophore 

d u r i n g c o p u l a t i o n was found to o c c u r dur ing the b a c k - t o - b a c k phase a s 

demonstrated by the egg product ion of females s e p a r a t e d from the male a t 

v a r i o u s s t a g e s d u r i n g c o p u l a t i o n . 

17. O v i p o s i t i o n records were kept f o r i n d i v i d u a l f e m a l e s . V i r g i n females 

produced 1.5 e g g s / f e m a l e , a l l of which were i n f e r t i l e . Mated females 

produced 41 ,7 e g g s / f e m a l e , the percentage f e r t i l i t y of which was not 

de te rmined . The l i f e span of mated females was o n l y about 71% tha t of 

vi rgi n s . 



18. I f males were kept w i t h females throughout t h e i r a d u l t l i f e s p a n , 
l a y i n g 

fewer e g g s / f e m a l e were produced than i f the male was removed a f t e r k-S 

d a y s . However, a g r e a t e r percentage o f females were f e r t i l i s e d when 

p a i r s were l e f t t o g e t h e r , than when s e p a r a t e d . 

19. Females which s t a r t e d o v i p o s i t i n g on day k produced a lmost 60 e g g s / f e m a l e . 

Those s t a r t i n g to produce eggs between days 6-8 l a i d l e s s than kO e g g s / 

f e m a l e . Female f e c u n d i t y i s t h e r e f o r e shown to d e c r e a s e r a p i d l y w i t h a g e . 

2 0 . Four types of antenna l s e n s i l l a were i d e n t i f i e d in Stegobi urn a 11 of which 

appeared to be p r e s e n t in both s e x e s : s e n s i l l a c h a e t i c a , s e n s i l l a 

b a s i c o n i c a , s e n s i l l a t r i c h o i d e a and s e n s i l l a c o e l o c o n i c a . These were 

s t u d i e d by means of l i g h t and s c a n n i n g e l e c t r o n m i c r o s c o p y . P o s s i b l e 

f u n c t i o n s of the s e n s i l l a a r e d i s c u s s e d . Approximate numbers of each 

s e n s i l l a type were e s t i m a t e d and t h e i r d i s t r i b u t i o n on the c l u b segments 

of the antennae i n v e s t i g a t e d . 

2 1 . Complete antennectomy, o r removal o f the t h r e e c l u b segments r e s u l t e d 

in t o t a l i n h i b i t i o n of male response to a sex pheromone e x t r a c t . The 

removal of s u c c e s s i v e c l u b segments p r o g r e s s i v e l y reduced male r e s p o n s i v e 

n e s s . 

2 2 . The mating s u c c e s s of antennectomised males was g r e a t l y reduced . When 

p l a c e d w i t h mature f e m a l e s , o n l y 10% of the opera ted males had copu la ted 

a f t e r 25 m i n u t e s : 80% of a c o n t r o l group of males had c o p u l a t e d a f t e r 

10 min c o n t a c t w i t h f e m a l e s . 
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APPENDIX I COMPARISON OF SOLVENTS FOR EXTRACTION OF THE SEX PHEROMONE FROM 
STEGOBIUM FEMALES 

Female e x t r a c t s were prepared e x a c t l y as o u t l i n e d in s e c t i o n IV f o r 

the d i e t h y l e t h e r e x t r a c t s , u s i n g f o u r d i f f e r e n t s o l v e n t s ; d i e t h y l e t h e r , 

w a t e r , benzene and a b s o l u t e e t h a n o l . The comparat ive e f f i c i e n c y o f the 

r e s u l t a n t e x t r a c t s was t e s t e d by means of a rena b i o a s s a y exper iments u s i n g a t 

l e a s t a hundred 1 0 - d a y - o l d males f o r each s i n g l e e x t r a c t . Two s e p a r a t e 

e x t r a c t s , each w i t h f i f t y 6 - d a y - o l d v i r g i n females were prepared f o r each 

s o l v e n t a t a c o n c e n t r a t i o n of 10 females per ml, and the percentage response 

of males to each e x t r a c t was c a l c u l a t e d ( t a b l e 2 3 ) . 

T a b l e 23 Male response to e x t r a c t s of 6 - d a y - o l d v i r g i n females u s i n g f o u r 
d i f f e r e n t s o l v e n t s . 

so l vent 
s t o r a g e temp. 

(°c) 
% response of 1 0 - d a y - o l d 

ma l e s 

d i e t h y l e t h e r ( i ) 
( i i ) 

-10 8 7 . 9 
83 .7 

water ( 0 
( i i ) + 10 0 

0 

benzene ( i ) 
( i i ) 

+ 10 7 0 . 5 
7 5 . 3 

a b s o l u t e e thano l ( i ) 
( i i ) 

-10 7 6 . 3 
7 5 . 6 

Maximum response was e l i c i t e d from males by the d i e t h y l e t h e r e x t r a c t s , 

w i t h those prepared u s i n g benzene and e thanol o n l y prov ing a l i t t l e l e s s 

e f f i c i e n t . Water was not shown to be a s u i t a b l e s o l v e n t f o r the sex 

pheromone. - ~ ' 

On the b a s i s o f t h e s e t e s t s , d i e t h y l e t h e r was chosen as the most 

s u i t a b l e s o l v e n t f o r pheromone e x t r a c t i o n from female Stegobiurn. Other 

f a c t o r s in i t s f avour i n c l u d e i t s v e r y h igh v o l a t i 1 i t y and r e l a t i v e h a r m l e s s n e s s 

(compared w i t h benzene) to the h a n d l e r . 
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APPENDIX I I RESPONSE OF MALE STEGOBIUM TO DIETHYL ETHER PHEROMONE EXTRACTS 

The percentage response of male Stegobi urn to the complete s e r i e s of 

d i e t h y l e t h e r e x t r a c t s prepared and d i s c u s s e d in s e c t i o n s I V , V, V I I I and 

Appendix V of t h i s t h e s i s a r e shown i n t a b l e 2k. 

Three s e t s of c o n t r o l exper iments which t e s t e d the response of about 

500 females to a 6 - d a y - o l d v i r g i n female e x t r a c t , about 300 males to a 

6 - d a y - o l d v i r g i n male e x t r a c t and about ^00 females to a 6 - d a y - o l d v i r g i n 

male e x t r a c t produced no response over t h e i r a d u l t l i f e s p a n . A l l c o n t r o l 

exper iments were conducted w i t h e x t r a c t s a t a c o n c e n t r a t i o n of 0 . 1 f e m a l e / 

male e q u i v a l e n t . 

A b b r e v i a t i o n s f o r t a b l e 2k: 

v = vi rgi n 

m = mated 

1 = l a b o r a t o r y 

w = " w i I d " 

1 -6 

ph = exposed to pheromone f o r days 1-6 o f a d u l t l i f e 

p h 1 " 1 8 _ i i n it ii M i _18 1 1 " " 

i n d . = i n d i v i d u a l male t e s t i n g 

a b d , = abdomen o n l y e x t r a c t e d 

h+th = head and thorax o n l y e x t r a c t e d 

a n t . ^ = no antenna l c l u b segments remaining i n t a c t 

a n t . 1 = 1 " " " " 1 1 

a n t . 2 = 2 " " 1 1 " 1 1 



T a b l e 24 . Complete r e s u l t s o f d i e t h y l e t h e r pheromone e x t r a c t 
b i o a s s a y t e s t s . 

I l l 

Female e x t r a c t : 

a g e ( d a y s ) 0 1 3 6 9 16 23 6 12 16 

mating s t a t u s : V V V V V V V m m m 

s t r a i n : 1 1 1 1 1 1 1 1 1 1 

c o n c ' n ( F E ) : 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 o. 
o t h e r d e t a i 1 s : 

T e s t males : 

mating s t a t u s : V V V V V V V V V V 

s t r a i n : 1 1 1 1 1 1 1 1 1 1 

Other d e t a i I s 

age : 1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

11 

12 

13 

)k 

15 

16 

17 

18 

19 

20 

21 

22 

23 

1.7 

1.6 

1.7 

3.1 

3 .0 

6 .3 

6 .9 

15.1 

16.4 

17.3 

28 .0 

3 3 . 8 

17 .9 

10.6 

11.6 

16.1 

9 . 8 

3.2 

0 .0 

0 .0 

2 . 8 

3 . 9 

7 . 5 

7 .2 

7 . 5 

7.1 

11.7 

14.3 

14 .3 

21 .0 

2 2 . 1 

2 0 . 6 

15.1 

3 1 . 6 

2 7 . 5 

23.1 

2 2 . 3 

14.3 

0 .0 

1.4 

7 .0 

10.9 

15.6 

16.4 

3 3 . 5 

4 3 . 5 

5 6 . 9 

6 1 . 5 

6 9 . 5 

68 .7 

54 .6 

66 .2 

73 .3 

64.1 

66 .3 

6 0 . 6 

53 .3 

42.1 

1.5 

14.9 

19.8 

3 2 . 9 

4 3 . 6 

50 .6 

6 4 . 9 

7 1 . 4 

8 1 . 8 

8 7 . 9 

9 3 . 9 

9 2 . 8 

9 6 . 9 

9 3 . 5 

95 .3 

96 .7 

94.0 

91 .7 

76 .7 

7 1 . 4 

3 .3 

20 .7 

2 3 . 8 

33 .8 

42.1 

50 .0 

70 .7 

7 3 . 3 

83.1 

90.0 

8 9 . 4 

84 .4 

9 6 . 8 

90 .0 

90.7 

95 .0 

96 .7 

9 1 . 8 

8 3 . 9 

6 2 . 5 

0 .0 

1.7 

14.5 

13.5 

2 6 . 5 

3 1 . 6 

3 1 . 5 

4 2 . 4 

5 1 . 6 

6 7 . 8 

6 9 . 8 

86 .7 

84 .0 

85 .0 

8 3 . 5 

8 3 . 6 

76.1 

6 3 . 8 

50 .0 

0 .0 

9 .7 

14.3 

16.7 

16.7 

21 .3 

27.1 

31 .7 

2 6 . 9 

48 .2 

52 .4 

6 4 . 6 

71 .7 

7 5 . 0 

71 .0 

76 .2 

70 .0 

58.1 

4 4 . 8 

2 8 . 6 

0 .0 

7 . 9 

16.2 

18.6 

30 .0 

52 .4 

5 0 . 6 

7 1 . 4 

72 .3 

79 .7 

8 7 . 5 

84 .0 

9 1 . 8 

95 .3 

91 .4 

91 .7 

8 6 . 9 

17.7 

56 .3 

0 .0 

3.2 

12.5 

18.9 

15.8 

2 3 . 3 

36 .0 

4 2 . 2 

4 8 . 7 

54 .7 

59 .3 

6 3 . 9 

8 2 . 8 

83 .3 

7 1 . 4 

67 .7 

5 2 . 6 

56.7 

0 .0 

1.4 

1.5 

1.4 

5 .6 

8 J 

11.9 

2-1.9 

24 .3 

2 7 . 3 

2 7 . 5 

30.1 

49.1 

4 1 . 9 

4 7 . 5 

56 .6 

65.1 

61 .3 

52 .0 

4 7 . 3 



1 12 

T a b l e 24 c o n t ' d . 

6 6 6 6 6 6 6 6 6 6 

V V V V V V V V V V 

1 1 1 1 1 1 1 1 w w 

0.1 0.1 0.1 1.0 0.01 0.001 0 .0005 0.1 0.1 0.1 

m V V V 

1 1 
. 1 - 6 

ph 

1 
. 1 - 1 8 ph 

1 

1 0 .0 4 . 6 

2 0 .0 2 8 . 9 

3 0 .0 4 0 . 0 

4.1 44 .0 

5 6.1 5 1 . 6 

6 12.3 6 2 . 3 

7 3 2 . 5 2 1 . 4 19.1 67 .7 

8 55.1 39 .0 22 .2 9 1 . 4 

9 4 8 . 5 4 3 . 0 22 .2 9 3 . 8 

10 5 6 . 9 55.1 21.1 97 .2 

11 7 0 . 3 55.7 2 0 . 6 98 .3 

12 7 5 . 5 6 3 . 9 17.4 96 .7 

13 7 2 . 9 72 .3 22.1 98 .3 

]k 7 1 . 5 7 8 . 9 19.3 96 .7 

15 7 4 . 5 81 .2 19.5 9 6 . 8 

16 7 1 . 4 7 8 . 8 15.3 9 3 . 6 

17 5 4 . 5 8 0 . 8 20 .0 8 7 . 6 

18 4 3 . 0 72 .7 9 . 5 8 1 . 8 

19 35 .0 6 2 . 5 6 4 . 0 

20 

21 

22 

23 

V V V V V V 

1 1 1 w 1 w 

0 .0 1.3 0 .0 1.6 0 .0 0 .0 

7 . 5 6 .7 0 .0 15.6 4 . 4 8 .5 

21 .9 4 . 6 6.7 3 6 . 8 13.2 37.1 

2 3 . 8 4 . 5 7 .2 4 2 . 4 20 .2 37.1 

33 .3 9.2 13.1 4 0 . 3 3 1 . 4 49 .7 

43.1 30 .6 2 0 . 6 4 6 . 5 4 1 . 9 4 6 . 8 

54 .9 21.1 18.1 5 1 . 9 54 .3 4 6 . 4 

68 .2 4 1 . 6 19.7 6 0 . 9 6 6 . 4 56 .9 

7 3 . 9 41 .7 2 2 . 6 68 .3 76 .7 54 .2 

83 .3 57 .5 16.7 7 5 . 8 86.1 53 .7 

7 5 . 4 59.7 20 .0 72 .0 85 .7 58 .8 

78 .7 6 2 . 9 12.6 7 8 . 4 8 4 . 8 5 7 . 8 

87 .0 62 .5 19.4 7 3 . 6 89 .7 6 1 . 8 

86 .7 4 8 . 3 17.2 79 .2 8 3 . 9 59 .0 

87.7 53 .3 20 .0 7 6 . 3 8 2 . 4 57 .3 

78 .3 59.2 2 0 . 8 6 7 . 6 8 4 . 8 5 3 . 6 

7 7 . 4 4 8 . 3 0 .0 6 7 . 6 76.1 4 4 . 9 

67 .2 36.7 3.1 4 8 . 5 7 1 . 8 3 4 . 9 

44 .7 2 9 . 5 5.7 4 5 . 4 61.1 4 2 . 8 

2 8 . 6 0 .0 



T a b l e 24 c o n t ' d . 

v v 

1 1 

0.1 0.1 

abd . 

6 

v 

1 

0.1 

h&th. 

6 

v 

1 

0.1 

6 

v 

1 

0.1 

6 

V 

1 

0.1 

V V V V V V 

1 1 1 1 1 1 

i nd . 
0 1 2 

i nd . a n t . a n t . a n t . 

1 0 .0 0 .0 0 .0 

2 12.0 4 . 3 0 .0 

3 23 .0 8 .5 1.4 

4 4 9 . 0 17.5 0 .0 

5 54 .0 31 .8 1.4 

6 6 0 . 4 4 4 . 6 1.3 

7 7 5 . 5 4 7 . 6 3.1 

8 8 1 . 8 6 0 . 6 7 . 4 0 .0 26 .3 32 .7 

9 7 5 . 3 74 .3 4 . 5 

10 8 3 . 3 88.7 15.1 0 .0 27 .2 30.1 

11 84.1 92 .2 31.3 

12 86 .7 98 .3 38 .3 

13 8 6 . 5 90 .2 29.2 0 .0 34 .6 4 2 . 8 

14 90.1 94 .4 4 . 6 

15 95 .0 8 5 . 5 5.0 0 .0 3 2 . 4 50 .0 

16 8 9 . 6 90 .3 1.7 

17 85 .7 80 .3 0 .0 0 .0 29 .2 30 .7 

18 8 5 . 9 0 .0 

19 6 3 . 0 0 .0 20 .0 3 0 . 8 

20 7 1 . 5 

21 6 9 . 2 

22 50 .0 

23 33 .3 



I 1. 
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APPENDIX I I I INDIVIDUAL MALE RESPONSE TO DIETHYL ETHER PHEROMONE EXTRACTS 

The response of each i n d i v i d u a l male t e s t e d d a i l y w i t h a 6 - d a y - o l d 

v i r g i n female e x t r a c t ( s e c t i o n I V , pa r t 7) i s shown i n t a b l e 2 5 . For s i m p l i c i t y , 

o n l y p o s i t i v e responses a r e marked (+) but a l l b lank spaces i n d i c a t e no 

response from m a l e s . The l i f e span given f o r each male i s e x c l u s i v e o f 

days when the i n s e c t was found moribund (comple te ly i n a c t i v e ) o r dead. In 

t a b l e 2 5; 

m = mori bund 

d = dead 

( ) = day of f i r s t p o s i t i v e response 
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APPENDIX IV THE EFFECT OF STEGOBIUM SEX PHEROMONE ON MALE ACTIV ITY 

A . I n t r o d u c t i o n and Methods 

The e f f e c t o f the sex pheromone on male Stegobiurn locomotion was b r i e f l y 

i n v e s t i g a t e d in o r d e r to determine whether male response i n v o l v e d an i n c r e a s e 

in the genera l r a t e of male p r o g r e s s i o n , o r c h e m o - o r t h o k i n e s i s b e h a v i o u r . 

F i g u r e 39 shows the appara tus des igned f o r t h i s s e r i e s of t e s t s . A 

f i l t e r paper c i r c l e (15.0 cm d iameter ) was e n c l o s e d and supported between two 

15 .0 -cm-d iameter p e t r i d i s h e s p l a c e d r im to r i m . A p l a s t i c p e t r i d i s h (9 cm 

d iameter ) was p l a c e d in the c e n t r e of the f i l t e r p a p e r , i t s rim meeting the 

top of the upper l a r g e p e t r i d i s h . An e n c l o s e d r ing about 3 cm wide was 

thereby formed around the s m a l l e r p e t r i d i s h . T h i s p e r i p h e r a l a r e a was 

d i v i d e d i n t o 16 segments marked in p e n c i l on the f i l t e r paper ( f i g . 3 9 ) , 

forming the "walkway" f o r m a l e s . 

The t e s t s were c a r r i e d out a t 20 - 2°C and males from the r e a r i n g room 

were l e f t o v e r n i g h t a t t h i s temperature before t e s t i n g the f o l l o w i n g morning. 

General a c t i v i t y of the i n s e c t s was reduced a t t h i s temperature and i t was 

a n t i c i p a t e d t h a t any change in male a c t i v i t y a s a r e s u l t o f pheromone 

s t i m u l a t i o n might be more exaggerated than i t would be a t 3 0 ° C . 

At the beg inn ing of a t e s t , a s i n g l e 1 0 - d a y - o l d male was p l a c e d on the 

"walkway" and a f t e r 2 min , r e c o r d i n g s of i t s p r o g r e s s i o n r a t e began. The 

number of l i n e s c r o s s e d by the male each minute f o r 5 c o n s e c u t i v e minutes 

was n o te d . Ten v i r g i n 6 - d a y - o l d females in a punctured g e l a t i n e c a p s u l e were 

then p l a c e d in the c e n t r e of the lower p e t r i d i s h (X i n f i g . 3 9 ) . below the 

f i l t e r paper . A f t e r 2 min , r e c o r d i n g s of l i n e - c r o s s i n g s were made as be fore 

f o r a f u r t h e r 5 min.-

The exper iment was repeated w i t h the i n t r o d u c t i o n of an a n t i - b a c t e r i a 1 

a s s a y d i s c t r e a t e d w i t h 50 1 o f a 6 - d a y - o l d v i r g i n female e t h e r e x t r a c t in 

p l a c e of the l i v e f e m a l e s . A c o n t r o l t e s t was a l s o performed in which a pure 

e t h e r - t r e a t e d d i s c and empty g e l a t i n e c a p s u l e were in t roduced a f t e r the f i r s t 



F i g u r e 39 . P l a n and e l e v a t i o n of the appara tus used to a s s e s s the 
r a t e of l i n e a r p r o g r e s s i o n of i n d i v i d u a l Stegobium on 
the walkway before and a f t e r a pheromone source was 
p l a c e d a t X . 
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5 min . For each o f the t h r e e t r e a t m e n t s , 10 i n d i v i d u a l males were t e s t e d , 

w i t h c l e a n g l a s s w a r e and a new f i l t e r paper "walkway" f o r each male . 

B. R e s u l t s and D i s c u s s i o n 

T a b l e 26 shows the number o f l i n e s c r o s s e d by each male in the t h r e e 

exper imenta l s i t u a t i o n s . S i n c e the a c t i v i t y of i n d i v i d u a l males v a r i e d 

c o n s i d e r a b l y , the v a l u e s f o r a l l 10 males were summed f o r each minute o f 

the t e s t and the mean number of l i n e s c r o s s e d per minute o v e r each 5-min 

per iod c a l c u l a t e d ( t a b l e 2 7 ) . 

T a b l e 27 The number of l i n e s c r o s s e d on the "walkway" by male Stegobiurn 
be fore and a f t e r exposure to a pheromone s o u r c e 

mean no l i n e s c r o s s e d per min-SE 

t reatment before t reatment 
(A) 

a f t e r t reatment 
(B) 

l [n 1 +n 2 -2 ) P 

50^il 6v 
ext r a c t 9 .68 - 0 .66 9 .04 - 0 .24 0.91 NS 

10 females 
( 6 - d a y - o l d v i r g i n s ) 10.08 - 0 . 3 5 8 .58 - 0 .26 3M 0 .01 -0 .001 

cont rol 11 .O f̂ - 0.*f0 11-18 - 0 . 35 0 .26 NS 

From the r e s u l t s of the p r e v i o u s d i e t h y l e t h e r e x t r a c t b i o a s s a y t e s t s , 

a t t r a c t i o n of 1 0 - d a y - o l d males to 50 ^ul o f 6v e x t r a c t would be expected i f 

a c c e s s to the s o u r c e had been a v a i l a b l e in t h e s e t e s t s . However, the pheromone 

e x t r a c t d id not appear to change the r a t e of male locomot ion . The i n t r o d u c t i o n 

o f l i v e females d e c r e a s e d the locomotion r a t e by about 1,5 l i n e s per min , 

a s i g n i f i c a n t , though not s u b s t a n t i a l , r e d u c t i o n in a c t i v i t y . 

The l i v e females probably c o n s t i t u t e d a more potent s o u r c e of pheromone 

than the e t h e r e x t r a c t to exper imenta l males and the subsequent reduc t ion i n 

the speed o f male locomotion might i n d i c a t e a r r e s t m e n t behav iour due to the 

c l o s e p r o x i m i t y of the pheromone s o u r c e . I n c r e a s e in the r a t e of t u r n i n g , 

o r change o f d i r e c t i o n of males might be expected a s par t o f a chemo-

o r t h o k i n e s i s response but was not measured in t h e s e e x p e r i m e n t s . 
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T a b l e 26 Number of walkway l i n e s (see f i g . 39) c r o s s e d by male Stegobiurn 
each minute fo r 5 min before (A) and a f t e r (B) the pheromone 
s o u r c e was in t roduced (see t e x t ) . 

male 
no. 1 2 

(A) 
3 4 

(mi nu tes ) 
5 

1 
t o t a l 1 2 

( 

(B) 
3 4 

mi nu tes ) 
5 t o t a l 

1 25 21 18 24 23 111 15 22 18 22 17 94 

2 7 9 5 8 9 38 8 13 7 8 13 49 

3 12 8 10 11 12 53 14 12 14 15 11 66 

4 8 if 2 5 2 21 2 2 2 2 4 12 

5 5 5 0 5 5 20 6 10 6 8 8 38 

6 8 18 0 18 48 12 9 7 10 11 49 

7 19 19 19 8 8 73 8 9 10 12 7 46 

8 9 15 8 14 7 63 11 10 8 10 6 45 

9 2 2 4 3 5 16 7 3 6 2 5 23 

10 7 13 9 6 6 41 7 8 5 3 7 30 

to ta 1 102 114 79 84 105 484 90 98 83 92 89 452 

1 9 5 11 12 5 
11 
42 7 13 9 3 3 35 

2 10 12 17 10 11 60 10 6 4 13 11 44 

3 17 12 8 13 10 60 15 15 11 15 8 64 

4 11 17 17 11 12 68 9 16 15 8 12 60 

5 6 7 8 11 11 43 9 9 10 13 13 54 

6 13 12 12 12 6 55 8 5 8 7 0 28 

7 11 5 4 4 5 29 8 8 4 1 8 29 

8 11 11 11 10 14 57 11 9 8 8 8 44 

9 11 11 11 13 10 56 7 12 13 11 10 53 

10 10 9 5 6 4 34 4 2 2 5 5 18 

t o t a l 109 101 104 102 88 504 88 95 84 84 78 429 

1 10 9 11 8 11 
111 
49 13 8 12 14 15 62 

2 5 11 9 13 6 44 15 13 6 5 2 41 

3 10 9 12 11 7 49 5 7 10 10 6 38 -

4 15 8 11 15 13 62 14 16 10 14 9 63 

5 12 11 14 14 12 63 7 11 16 12 13 59 

6 9 15 9 16 13 62 18 17 19 20 15 89 

7 16 7 8 7 11 49 4 10 3 8 4 29 

8 8 9 6 12 16 51 15 7 17 13 11 63 

9 17 18 19 23 10 87 19 18 6 15 19 77 

10 6 7 9 7 7 36 9 7 9 7 6 38 

t o t a l 108 104 108 126 106 552 119 114 108 118 100 559 

I 50 /til 6v e x t r a c t in t roduced a f t e r f i r s t 5 min 
II 10 females in a g e l a t i n e c a p s u l e in t roduced a f t e r f i r s t 5 min 

i l l Cont ro l -empty c a p s u l e and pure e t h e r sample in t roduced a f t e r f i r s t 5 min 
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Rather l i t t l e p o s i t i v e i n fo rma t ion on the behavioural response o f males 

to pheromone s t i m u l a t i o n was provided by these exper iments. I t would appear 

however, tha t the general a c t i v i t y of males in terms of locomotion was not 

increased dur ing o r i e n t a t i o n behaviour. 

Should t he pheromone o f Stegobium prove t o be an " a r r e s t a n t 

r a t h e r t h a n an " a t t r a c t a n t " , t h e observed r e d u c t i o n i n t h e r a t e 

o f l o c o m o t i o n ( t a b l e 26 and 27) would be expected i f chemo-

o r t h o k i n e s i s i s o p e r a t i n g , when a male i s exposed t o a p o t e n t 

pheromone source. 
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APPENDIX V DIETHYL ETHER EXTRACTION OF TWO PARTS OF THE BODY OF STEGOBIUM 
FEMALES IN ORDER TO LOCATE THE GENERAL AREA OF PHEROMONE SYNTHESIS 

A . I n t r o d u c t i o n and Methods 

Pheromone-producing g lands of i n s e c t s a r e u s u a l l y modi f ied epidermal 

c e l l s o f the integument which may be l o c a t e d a lmost anywhere on the i n s e c t ' s 

body. Thomas (1970) i d e n t i f i e d pheromone-secre t ing c e l l s which were d i s t r i b u t e d 

over the head , t h o r a x , legs and abdominal segments of S c h i s t o c e r c a g r e g a r i a . 

L e p i d o p t e r a , however, o f t e n have s p e c i a l i s e d t e r g a l g lands which a r e e v e r t e d 

dur ing pheromone e m i s s i o n p e r i o d s , o r c a l l i n g . 

In o r d e r to t r y to i d e n t i f y the genera l region of pheromone s y n t h e s i s 

and s t o r a g e in Stegobiurn, two d i e t h y l e t h e r e x t r a c t s of p a r t s o f females were 

p r e p a r e d . The abdomens of 6 - d a y - o l d l i v e v i r g i n females were s e v e r e d from 

the thorax and head region and both p a r t s were e x t r a c t e d immediate ly in e t h e r 

a t 10 p a r t s per ml s o l v e n t . The e x t r a c t i o n techn ique was o t h e r w i s e e x a c t l y 

a s d e s c r i b e d f o r whole females ( S e c t i o n I V , p a r t A ) . Both e x t r a c t s were 

b i o a s s a y e d w i t h a t l e a s t 60 v i r g i n males o v e r t h e i r a d u l t l i f e s p a n . 

B. R e s u l t s and D i s c u s s i o n 

The percentage response of male Stegobi urn to the e x t r a c t s i s shown in 

t a b l e 2k of Appendix II and f i g u r e kO. The e t h e r e x t r a c t o f female abdomens 

c l e a r l y e l i c i t e d a much g r e a t e r response from males than the e x t r a c t o f head 

and t h o r a c e s . The r e g r e s s i o n and p l a t e a u phases of male response to the 

former e x t r a c t were d i s t i n c t and the r e g r e s s i o n c o e f f i c i e n t and p l a t e a u mean 

was c a l c u l a t e d ( t a b l e 5 ) , whereas t h i s was not p o s s i b l e f o r the l a t t e r 

e x t r a c t . S t a t i s t i c a l compar isons of the female abdomen e x t r a c t w i t h the 

cor respond ing e x t r a c t of whole females ( 6 - d a y - o l d v i r g i n females a t 10 

females /ml e t h e r ) a r e shown i n t a b l e 6 . Only the p a i r e d mean d i f f e r e n c e s of 

male response over 1-16 days were s i g n i f i c a n t l y d i f f e r e n t between the two 

ext r a c t s . 

The p r e s e n c e of pheromone in the thorax and head region of the female 

body s u g g e s t s e i t h e r that t h e r e i s a smal l s i t e of s y n t h e s i s i n t h i s a r e a , o r 



F i g u r e kO. The response of male Stegobiurn over t h e i r a d u l t l i f e 
span to e t h e r e x t r a c t s of the head and thorax ( o o ) 
and abdomen ( • • ) o f 6 - d a y - o l d v i r g i n f e m a l e s . 
Male response to a c o r r e s p o n d i n g e x t r a c t o f complete 
females i s a l s o shown (broken l i n e ) . 
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that the pheromone produced in the abdomen spreads o v e r the f e m a l e ' s body, 

perhaps in the wax l a y e r of the c u t i c l e . T s c h i n k e l e t a 1 (1967) suggested 

that t h i s o c c u r r e d in Tenebr io moli t o r . A g r e a t e r s u r f a c e a r e a f o r pheromone 

e v a p o r a t i o n i s a v a i l a b l e by means of t h i s phenomenon a t the expense of 

a c c u r a t e c o n t r o l of pheromone e m i s s i o n . 

Apar t from s c o l y t i d b e e t l e s , which most ly s y n t h e s i s e pheromone i n the 

d i g e s t i v e t r a c t , C o l e o p t e r a sex pheromone-secre t ing c e l l s a r e commonly l o c a t e d 

in the abdomen. S t a n i c , Z l o t k i n and Shulov (1970) found t h a t the e p i t h e l i u m 

of the v e n t r a l in te rsegmenta l f o l d between the f i f t h and s i x t h abdominal 

s t e r n i t e s s e r v e d as a gland f o r s e c r e t i n g sex pheromones in Trogoderma 

granar ium. H e n z e l l , T a y l o r and Lowe (1970) i d e n t i f i e d the f i r s t t h r e e 

abdominal segments on the d o r s a l s u r f a c e o f the female body of C o s t e l y t r a 

z e a l a n d i c a a s the s i t e of pheromone p r o d u c t i o n . However, T s c h i n k e l e t a l 

(1967) have i m p l i c a t e d the region of the m e t a t h o r a c i c sternum and the f i r s t 

two abdominal s t e r n i t e s in pheromone manufacture in Tenebr io moli t o r , a l though 

the s e c r e t i n g g lands were not i d e n t i f i e d . 
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