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Abstract 

Separate studies concerning reproduction were made of 

Coste7,ytra zeal,and,iaa (White) (Scarabaeidae: Melolonthinae), and of 

Phthorimaea opercu1,e7,l,a (Zeller) (Gelechiidae: Gn.orimoschem.ini). 

In c. seal,andica sexual dimorphism was descr'ibed; the ma.le 

and female external genitalia were described in mare detail than 

previa.isly; an account was given of the muscles of the external 
genitalia and of the mechanics of copulation; and the first description 

was provided of the ffiOI1:hology and histology of the internal 
reprcductive organs. The latter were shewn to differ fran these of 

other Scarabaeidae in only a few minor respects. In ad.di tion the 
accessory glarrls of the female were described an:l a preliminary 

identification of the contained bacteria was carried out. 
'lhe first account of the se"XUal behavia.ir of c. aeal,andica 

was given an::l the influences of environroontal factors on both this and 

flight were noted. In addition, sexual attraction was investigated in 

the field: extracts of females were found to be attractive to males and 
conf innation was obtained that phenol attracts males. 'Ihe sex 
attractant was demonstrated to be mast effective when located near the 
edges of tall edible plants where the beetles swarm. 

In P. opercu Ze tia, se"XUal dimorphism, an:l the mClr1bology arrl 

histology of the internal reprcxiuctive organs were described far the 
first time. The latter were found to show close s:imilarities with 
these of various other Lepidoptera. In addition, the male an:l female 
external genitalia were described in more detail than previously. 

The sexual behavioor of P. opercu7,e1,7,a was descr'ibed for the 
first tine an:l the time of day when this m:>th is sexually active was 
investigated both in the field and laboratory. It was sha-m that the 
time when mating occurs is determined by the female releasing her sex 
pheranone whereci.s the male will respcnd at any time although this is 
maximal when the female is attractive. 

Im objective an:l quantitative laboratory bioassay was 

developed for the female sex pleranone of P. oper-cm"lel-Za and this was 

used to conclusively demonstrate the presence of a female sex i:neranone 
and to shav that it is prcxiuced in the middle thiro of the ovipositor. 
A histological examination confirrood that the p-ieranc:ne gla.rrl is a 

dorsal sac-like region of the intersegmental membrane between the 9th 



an::l 10th abdominal segnents on the oviposi tor. The male pherancne 

glands were shown by histological methcds to be located on the hindwings : 

am an indication was obtained that their scent subdues the escape 

reactions of f ema.les prior to copulation.. Finally, the morphology, 

histology, and ultrastructure of male and female pheromone glands were 

described an::i compared with these of other I.epidoptera. 



A note on the citation of p.ililications, arrl the referral 

to species and their systematic status. 

iv 

My p..iblication by more than two joint authors is cited in 

full the first tine it is referred to an:i thereafter is abbreviated 

to the faon: senior author et al. Because of the length of this 

thesis, the specific name of any organism other than C. zealandica 

or P. operculeZ.ui is given in full cnly en the first occasicn it is 

ref erred to in any chapter, and in any section of Chapters 3, 7, and 

10. In a:kli tion, the systematic status of insect species have often 

been an:i.tted fran the text but are given in Appendix 4. 

Erratwn. Due to an error- in page nwnbering, 283 follCMS 281. 

However, no text has been omitted. 
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Intrcd uction 

A consida:-able amount has been publishe::l on the pheranones 

of certain insects, yet in many instances the relevant basic 

infcrmation on their sexual behaviow, an:i st:r>ucttre arrl physiology 

of the reIX"crluctive ar:'gans has rot been elucidate:1. This is the 

situation with the gpass ~ub beetle, Coste'lyn-a seatandica (White) 

(Coleoptera, Scai:'abaeidae, Melolonthinae), the majcr pastwe pest in 

New Zealard. The decision was ma:ie, tha:-efcre, to investigate some 

of these aspects in this insect. lbweve:>, the a:lults ere only 

available in any number:>s fer apiroxi.m=itely one month each year- arrl. so 

it W:tS late:> decide:l to sttrly another> econ::mically impcrtarrt insect, 

the potato tubec;,w.:rm moth, Phtho-rZmaea opercuZeUa (Zeller) 

(I.epi1opta:>a, Gelechiidae, Gn:rimoschanini) dllt'ing the ranairrla:' of 

the year>. 'This insect was chosen because ther-e we:ie s:i.nri.lar:' gaps in 

publishe::l infcrmation conce:'ning it whilst it ha:1 the a:lvant:ages of 

being rea:iily obtainable throughout the yeari arrl being easily 

cultUt'Erl in the la.1:x:,ratcry. 

c. aea'landica is widely distribute:l tlroughout New Zealarr:l 

arrl it also occws in the Chatham Islan::ls (Given, 1952). It is a 

very destructive insect, causing most of its economic losses in the 

larval stage, which eat the roots of pastwe plants (e.g. Hoy, 1963; 

Fenem:::re, 1966; Ra:lcliffe, 1970, 1971). The a:lults can also cause 

local damage to some -trees by eating the:ir foliage. Fruit -trees in 

pc3t'ticulat" can be defoliate1, although the attacks at"e, of cowse, 

restr:-icte:1 to the flight season (Apperdix 1,1). 

In contrast, P. oper(]U.1.,eZ'la has a wcrldwide distr>ibution . \ 

(Povolny, 1964), arrl the lar>vae we entirely responsible fer all the 

econ:mic losses caused by this insect. In par-ticular- they leaf-mine 

tobacco, arrl fee:l inside potato tuba:>s both in the field ani in 

stcrage, alth..>ugh they will also attack other cultivate.:i Solanaceae 

1. 
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(see Chapter> 6) . 

A s--eat deal of research has been Cal:'rie:l Gut on the sex 

pha:-anone of c. zeaZandioa culminating in its identification as phenol. 

The first suggestion that females of C. aea1,andiaa pru:luce a sex 

pha:'anone which atir acts ffi3.lo2,s uµ-,irrl tcwa['ds them, was ma:ie by 

Kelsey (1967), who made this inference from evidence gaine:i in a field 

e~iment. Henzell, LJwe, Tayler, am. Boston (1969) then demonstrate::! 

in the laboratory that the females µ,o:iuce a sex attractant; they USffi 

a"Y-choice olfactometer'' an:l foun:l that males were attractej, to Ct"ushed 

females ard atter.npted to copulate with them. Males were not attr'u.eted. 

to cr>ushed males ard females wa:ie rot attracted t0 Ct"ushed beetles of 

either sex. Henzell (1970) then reixrtErl evidence that the pheranone 

could be phenol. He foun:l that an attractive diethyl ether extract 

of fenale al:xlanens contained a substance with pt'Oper'ties consistent 

with phenolic canpourrls an:l that one cf its gas liquid chrcm:itogpaphy 

peaks ha:l a retentiun t~ identiml to that of phenol. He also 

tested sorre phenolic canpourrls in the field ard foun:i that only pwe 

phenol arrl i:henol dissolvej_ in wate:i wer>e ati:ractive to male beetles. 

fr>ior to this, Osborne arrl Hoyt (1969) foun:i that the a:lhesive 

"Plioborrl" contained a chemical attractant fer males of C. zeaZancliaa 

an:i these authcrs later identifie:i a phemlic resin as the active 

canp.:ment (Osba'ne arrl Hoyt, 1970). In a:ldition, they repcrted that 

the pheool fcrrnaldehyde resin "D1.rez 12687" was even ma'e attractive 

to males than "Pliobond", arrl that phenol arrl another:' phenolic canpound 

ar'e µ,esent in "Du:iez". They alsu fouro in a field tr-apping expa:-irrent 

that the iropar'tion of males to females caught in traps baited with 

put:'e phenol was higher than the :r;ropcrtion annngst the beetles flying 

about. These authat's theref cre suggeste::i that the sex pheranone was 

either phenol, anotha:> pherulic canpourrl, or a mixt1.re of both. 

Henzell, Tayler, an:i Lowe (1970) then developed a sirrq:>le labar>atcry 

bioassay far' the pheranone. This ccnsisted of dropping samples into 

containers with male beetles arrl obset'ving the:ir responses. The 

containers were the top halves of2.51itre jaris resting on glass 

sheets covered with filter paper. These authcrs tested frozen 

sections of female beetles in this bioassay and fourrl that the 

pheromone was locate:i dc.,--rsully within the first thr1ee c3b:lc.minal 

segments. Henzell an:l L:..,-we (19 70) also use::i this bioassey together 

with paper chr:>anatogr-aphy, thin-layer chraratoppaphy, gas-liquid 
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chr>anatogr-aphy, arrl mass spectan.eiry to isolate µienol :Iran f€1!B.l.es 

arrl identify it as the sex IX1erunone. Firstly, they s.p::,tterl 0.1, 1.0, 

arrl 10.0 µg of phenol onto par-affin blocks an:i fourrl when these were 

teste:l in the bi0assay that 80% of the males responded to each quantity 

of phenol. They then used this rootho:i to .in:iicate which fractions of 

the chemical isolation Jroce::hres were active. Each female ab:icmen 

was fourd on chemical analysis to contain be.tween O .5 an:.l 1. O µ .g of 

phenol, but no phenol was fourd in any IM.le. In addi tiun these 

authcr>s fourd that phenol in concentrations between 10 ppm and 500 ppn 

in water were attractive to males in field tests. Hoyt and Osbcrne 

(1971) subsa::i,uently found that bacteria in the "colleterial glarrls" 

of the female :ircduce the phenol. This was identified by thin-laya:> 

Cfll'.'cmatcgr:-aphy of cultur'es of bacteria that were shewn to be attractive 

by field trapping tests. Recently, Osbcrne and Bo:;d ( 19 75) , working 

with field traps baite:i with resin, phenol, and aqueous phenol 

conclu:ied that an o:iow synergi.st is also :i;resent in the resin 

"Dtrez 12687". 

HCMever, despite this resear>ch on the sex phe:>anone of 

C. zea landioa, very little detaile:i infcrmation has been published 

on the sexual behaviour:> of this insect, er about the structwe of its 

reµ, a:i ucti ve er gans. What has been publishe:i is reviewed in Chapters 

4 arrl 3 respectively. 

There is a similclt' lack of infcrrnation about the sexual 

behaviour' an::i the structui:"e of the repr-ai ucti ve CI' gans of 

P. operau lei Za but any publications on these ar-e reviewa:i in Chapteris 

8 an::l 7 respectively. HCMever , in contrast tc C. zea Zandiaa very 

little has been published on the sex pherarone of this ruth. Most of 

this infcrrna.tion is in the fcrm of a l:rief note by A:leesan, Tarnhankar', 

and Rahalkar> (1969). Th.ese authcrs first suggestoo that the females 

of P. operoul,e i Za release:l a sex pheranone after observing that males 

when cage:i with them "exhibitoo. sexual responses such as clasper 

extension, fluttei:>ing of wings, arrl spirming flight". FtrtherimCl'e, 

cage:i males shewed the same responses when filter- paper discs onto 

which the terminal segments of females ha:l been crushe:::l wa:>e intra:iuce:l 

arrongst them. Acetone, ether, arrl niethylene chlcride extracts of the 

terminal ab:iorninal segments of females were each "attractive" to 

males. These authors repcrte:::l that the pheronnne glarrl "is in the 

fcrm of a dorsal invagination of the inter-segmental. meml:rane between 



the 8th arrl 9th ab:iominal semne.nts" arrl they l:riefly descriiba::l its 

histology. The only otha:' in.fwrrnation concerning the pha:'anone of 

P. operauieiia is the field trapping stu:iies reviewe:l in Olapter 8 

which conf:irr.ns that the feniale prcx:luces a sex attractant:, arrl a 

resear>ch report by Rothschild, Bella, an:l Bar-tell (1971-19 72) notine 

that the phe:'an0ne is an acetate. 

The particular aspects selecte:l for this sttrly on both 

insects therefore inclu:ie:i firstly, the structwe of their repr>oo.uctive 

or>gans because of their intrinsic inte:'est arrl also becaust3 they 

constitute back~ourd information far> the remain:ier' of this stu:ly arrl 

all future investigations concer-ning their repr,.xluction; secon:lly, 

the:ir sexual behaviollr' because it is fun::lamental to all researich on 

their> sex pha:'anones; arrl thirdly, an attempt to :identify an:l describe 

the:ir sex phe;,oirone glarrls. The th:ird aspect involve:l the use of 

infarmation gaine:l fr.::m the investigation of the sexual behaviow of 

each insect in arxle:> to deveL.Jp a behaviowal bioassay fCl!" its sex 

pha:'anone. This aspect was chosen because, at the beginning of this 

investigation, only a pr:'eliminar'y attempt ha:i been m:rle to hl.entify 

the pheranone glan:ls in c. zeal,andioa by Henzell et ai. (1970), whilst 

the :identification of the sex pha::-anone glun:l in P. operau.ZeUa by 

Pdeesan et ai. (1969) appeare:l inaiai,uate as n:J detaile:i experiimental 

p:-oca:lllr'e or results wa-e ava.ilcilile. 

At the beginning of the µ:,esent investigation, Mri R.F. Henzell 

of Ruak:ur'a Agpiculturial Research Station, Hamilton, assurie:l me tha:t his 

male c. zeal,andiaa rea:iily exhibita:l. sexual behaviow in the laborat<ry. 

Few difficulties wer'e the:'efcre anticipata:l. s0 the decision was ma:ie 

to canmence this stuiy despite the majCZ' difficulty that the imagines 

only occtlt' in a:le.:iuate number's in the fie1:l fer app:>o:xirnately one month 

each year1. In a:idition, when this investigation was startai, no 

rnethm fer mass culturiing this insect in the laba-atcry ha:l been 

publishe::l. Howeva;,, recerrtly some infcrmation on this has becane 

available (Wightman, 1972a, 1972b, 1974a, 1974b, 1974c; arrl Wightman 

arrl Farrell,1972). Furithe:-r,aa:,e it row appears likely that mass cultwe 

metho::ls will re.:iu:ire considerable space arrl labout'. 

In corrt:t'ast, P. operau.ZeUa may easily be rear-e::l in the 

labxiatcry an:1 methxls for its mass culturie have been publisha:l by 

Finney• Flarrler-s, ani Smith (1947), arrl Platn~ an:1 Oatman (1968). 

A further a:ivarrtage is that its life cycle is sh.rt, being completa:l. 



5. 

in al::x)ut one month at roan tcrnper'atwe (Chapta:i 6). 

Since the alults of c. zea"landiaa are only available 

seasonally, the investigations on it wer:-e stat'te:i mere or less 

s.imultane...;usly. However, afteri Hoyt arrl Osborne (1971) founi that the 

female sex phet:"anone was :rrmuce:i by bactet:"ia within the "colleterial" 

gl.arrls, fut'thet' atter.npts to develop a bioassay far' detet'mining the site 

of the phe:'anone glarrl wer1e discontinuro cit the erd uf the secon:l yeari 

of stu:ly. Reseat'ch on this insect was then concerrtratro on its sexual 

behaviol.lr' an:l structure of its repr:'cx:luctive at'gans. None the less a 

description of the phe:>cmone glarrls is inclu:le::1 with the des<r iption 

of the othe:> inta:>nal re:r;rcductive crgans of the female in Chapter 3. 

In corrt:rast, the investigations on P. operau"leUa app-:'vximately 

followe:i the se:iuence given in the relevant chapter's. The design of 

each section was suggeste::i by the results of its pr-e::lecesscr ani wcrk 

could usually be initiatal befc:r'e the :i;reviuus stu:ly was canplE:.::"te1. 

Most of the liter1ature relevant to this stu::iy of c. zea1,andiaa 

arrl P. ope1•auZelLa is incltrloo. in the apprioiriate chapters ard is, 

tha:>efcre, mt reviewe:i herie. An account of the publishe:l infct"mation 

relating to the seasonal occwrence of c. zeaZandioa is, however, 

irclu::le:i below because it has a beariing on the i;revious intr>o:iuctary 

remariks ani it is mt treate::l. elsewha:>e. 

Few detaile:l accounts have been publishe:i relating to the 

seasonal occurrence of c. 2eaZandioa, a.rd it has tha:>efcre been 

necessat'y to obtain much .of the following infcrmation fran genEt"al 

ccmnents in the intraiuctions of paperis conca:>ne:l with a variety of 

other> subjects. This is also the situation frequently encounte;,erl 

with otha:> aspects of the biology of this insect. 

C. zeaLandiaa is generially cons.id.a:>e:i to be univoltine 

(Millet', 1921; Kelsey, 1951; Fenem:re, 1966; Osbct,ne arrl Hoyt, 1969; 

l:,"'l'ratum _,_ ___ _ 

Parcr.gr•~ph 4; the 1,ast sentenae should 2•ead: HPossibly a two ye-.iU::' 

life c--y-cle is more frequent in southern populations (fenemore~l.~JGG). 

(Kelsey, 1951) ari Octobe;, (Millet', 1921; Farrell, 1972) until January 

at' ear>ly Felruariy (Kelsey. 1951). The propar:'tion of .imagos fow"rl in 

the soil varies consider1ably from place to place arrl £born year to 

year>, 50% of the juveniles becoming a:lult between the 18th October> 
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other> subjects. This is also the situation frequently encountet'ed 
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Mults are generally foun:l in the soil fran Septembet' 
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the soil varies consulE!r'ably from place to place an:l from year' to 

year>, 50% of the juveniles beooming a::iult between the 18th October> 



arrl 20th November (Fenem:ire ard Perirott, 1970). There is al.so 

consida-iable var-iation in the pr:1e-erna:gence perio:i (Kelsey, 1951): 

6. 

this nay be as shcrt as a few days (Milla:>, 1921), but the usual range 

is fran 7 to 10 da.ys Gl.enzell et al., 1969). The adult lifespan is 

usually fran ~ to twee weeks but may be longer (Kelsey, 1951). 

A:lults usually begin emerging in the first few weeks of November 

although sanetiJnes they do so at the erd of October ard some still 

have not emerge:l by mid-Mar1ch (Kelsey, 1967). The dut'ation of the 

first ener'gence pericrl varies little at differ-ent sites, ranging from 

19 to 25 days for 95% of the population (Fenemare a.rd Pei:Tott, 1970). 

Most of the beetles fly between late October an:l January, 

ari possibly Febru.al:'y (Cockayne, 1920; Miller>, 1924; Helson, 1967; 

et seq.) although the majority do so dl.ll'.'ing a 3 to 4 week perio:l 

each year (Thomas, 1913; Henzell et al., 1970; Farrell am Wightman, 

1972). The lar>gest flights are centr>Ed ar>ourrl November' arrl the numbers 

decline in December:' (Moodie, 1911; Cockayne, 1911, 1920; Miller, 1921, 

1924; Connell, 1933; Kelsey, 1967; Osbat'ne &rl Hoyt, 1968, 1969). 

At souther'n locations flights may stat't up to two weeks lateri than at 

n:lr'th~n ones (Helson, 196 7) ~ There is also one reccrd of a ma.jar 

flight occutTing in the middle of January (Anon., 1927) but this may 

have been a species closely relate:i to c. zealandiaa. Ceritainly some 

of the Odontria species have been collecte1 ear>ly in the year', arrl 

bear some super'ficial resemblance to C. aealandiaa although they ar>e 

usually lar>get" (Given, 1952). 

As merrtioned. above, an impcrtant aspect of the present 

investigations of c. zeaiandioa arrl P. operaulaiia was the develoµnent 

of bioassays for each of their sex pha:>omones. An account of the 

p:-inciples un:ler>lying the development of such a bioassay arrl its 

design is ther-efore inclu:le::i ha:>e because it applies 6:lually to the 

resear:-ch on both insects. 

Since a sex pheromone is def inro in ter>ms of the behaviour' 

it elicits from othe:' irdividuals of the same species (Kar>lson arrl 

Butenan:lt, 1959; Karlson arrl Iiischer-, 1959) then it follows that an 

essential re::i, uirement of a bioassay far' a sex phE!"omone is the 

inclusion of beha.viowal responses of the insects concerned. This 

constitutes the qualitative aspect of the bioassay. Most of the 

bioassays which have been develope::1 by other> resear>ch wcrker-s do 

utilise some relevant aspect of the behaviow of the insect being 
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investigate::i; the only exception being bioassays using the specialise::i 

electrophysiological technique kmwn as an electroantennagpam. The 

majcr use of an electroantenrogpam is to assist in the chemical 

isolation of a sex pha-ianone aru to estimate concentrations of 

pheranone in air . However , the biological activity of a chemical 

still r6:luires the ult:i.rnate assessment in a behaviowal bioassay. 

A seconi fun::lamental r~uirernent far a sex pherornore 

bioassay is that the live insects usai in it clt'e in the ap:i;rop:-iate 

physiological state to react to the pher-onone. It is theref<l:'e 

necessar:-y to deta-imine the behaviow of the insect an:1 the environ­

mental corditions urderi which the behaviour occws natur'ally. 

Attention, of course, must also be pa.:id to physiological V«Jr'iables such 

as age, irevious mating hist<ry arrl c.:irca:lian rhythms. The impcrt~e 

of some of these factors has be~n demonstratoo fat' example in a 

numbEr of noctuicl moths by Shcrey an:i Gaston (1965a.)., Shcrey, 

McFar-lartl, ard Gaston Q.9683.), a.rd Shat'ey, Marin, an:i Gaston (1%8) •. 

Var'iation amongst these can, in some cases, cause as much as a 

thousard-fo]d variation in the tm'eshold response to the pher>anone. 

Once the irnpcrtance of these factcrs has been d eterimi:oo:i, 

the bioassay must be designej in such a manner that it does not 

inter>fere with the natural habits am. idiosyncrasies of the pat'ticular1 

species if meaningful results ar-e to be obtaine.:l. Fer example, the 

IOOtho:ls usa::l by Keller-, Mitchell, McKibben, arrl DavJ.ch (1964), a.rd 

Har-dee, Mitchell, Huldleston, an:l Davich (1966) to bioassay the 

pherorrone of the boll weevil Anthonomus gr'andis Bohema.n, were µ-,obably 

ina:iequate in that they did not allow the females free::lcm of flight 

t-fuen exposed to the nale pha-iom:me, an:l the females wa:ie not isolate:.l 

fran one anotha:- befcre the bioassay. Acca:xling to Haro.ee, Mitchell, 

ard Hu:.ldleston (1967), howeve;,, rrost at' all of the a:lults p:>obably do 

mt come into contact with anJthe!' boll weevil befcre their first 

mating, an:l 0:-oss arrl Mitchell (1966) had obse;,ve:l that the females 

make seva:iaJ. shcrt flights tavw:'ds the male in the fie1:1. Therefat'e, 

when Haroee et al,. (1967) designe:1 a new bioassay metha:l which took 

these factcrs into account, they obtaine:l gi:,ea.tly i.mp:,oved results 

from those of the farmeri authat's. other examples of the nee::i to 

design bioassays arourd the habits of the insect inclu::ie those given 

by Bertoza arrl Jacobson (1963), arrl Kinzer, Burns am Auclair> ( 19 70) . 
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Many factcrs Wtre taken into account when designing the 

bioassay use::l in the i;resent stuiy. Firstly, it was des:irable to make 

the bioassay as objective as possible. This p:iecluie:i those methcrls 

which deperd upon observing the sexual behavi01.1t' of the insect. It 

must be stresse:l, however', that a great deal of valuable rese3t'ch has 

been mrTie::l out by other resear>ch worker's using observational 

bioa.ssays (these ar'e liste:i, far example, in Jacobson, 1972; ani Birch, 

19 74-), but these metho:ls ar-e potentially open to consider-able 

subjective error ani bias. The conclusion reacherl was that such 

metho:is should be avoida:i if at all possible except as an a:lditional 

qualitative check. Fa'tunately, it appears that althoug.'1-i m:my sex 

pher'anones may Set've to excite resporrling insects befcre copulation 

arrl to evoke a col..lr'tship response from them, they ere often ira:luce::l 

irirnat:>ily fer the pl..lr'pose of attracting the opposite sex :fran a 

distance (Jacobson, 1972). If this holds true far the insect being 

investigata:i, arrl it Cet'tainly appeat'e:i irobable (from the litel'.'atllr'e 

cite:1 in ChaptE:!r's 4 an:l 8) that it does fer c. zeaZandiaa am 
P, ope~auZeZZa, then the sin-tplest means to achieve objectivity is to 

use attraction as the key behaviollr'al response. This can be easily 

measllr'e:i as fer example by using a trapping method. Nevet'theless, 

ca,:,e must be taken to ensure that any attl:'action so obtaine:i is not a 

response to same other o:iour, such as one emanating from a foal, er in 

the case of a female, from an oviposition site. One way to overcane 

this errcr is to test the o:iow fer attrc1ctiveness to both males arrl 

females arrl, as 3Il a:lditionaJ.. check, to use a trapping mechanism which 

does not har:'m the insects s0 that they can be subse:iuently obset've:i far 

any obvious sexual benaviow they may exhibit. 

One possible a.:l vantage of the use of a bioassay that is 

depen:ient upon obser-ving behaviol.Ir' is that the ear-liest behavioural 

step in a response se:iuence can be selecte::l as the bioassay C!."'iterion. 

This allows the detection of the pheromone at the lowest possible 

concentration. However, the attraction of an insect tavards the 

source of its phe.r-om:>ne is usually one of its first observerl responses 

arrl tha:-efcre a bioassay base::l on attraction is also likely to be 

sensitive to relatively low concentrations of pherom:me. 

A secon::l consideration in develcping a bioassay is that 

ideally it should be cap3ble of replication 3Irl give results which ar-e 

as consistent as possible. The best solution is a J..ab.:ra.tut'y bioassay 
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using lal:xratcry reare:1 insects. Only by doing this can there be any 

possibility of controlling the numerous factcrs which nay influence 

behaviour. Carie must als0 be taken to ens\r'e that the labar>atClr'y 

reare::i animals do rot differ' genetically from th.use in the fieJd (see 

Chapter 6) . It is al.s.J impcirtant that the basic firdi..rigs of such a 

bioassay be checked for relevance in the field in case sane spurious 

effect is confusing the results. The bioassay use:i in t.11.e field, 

however', nee::i only be qualitative; the use of s~ kin:i of trapping 

device is an obvious, simple, an:i objective solution. 

Consisterrt results are mere likely to be obtained fran a 

bioassay if a number of pr>ecauti:)ns arie taken. The use of sCl'.'upulously 

clean e:i, uipment fer eva:-y bioassay pt"'events the possibility of 

contamiration occurring between successive bioassays. Phe:-anones ar-e 

often per-ceived at very lcw concentrations in air (e.g. Jacobson, 

19 72; Birch, 19 74) an::l significant contamination m3.y therefore result 

fran a n::rmally irrelevant effect such as by si.rface adsorbtion. It 

also follcws that a clean air supply to the bioassay apparatus is 

necessary. The impcrta.nce of a pheromone-free air supply has been 

demonstriata:i by Shorey, Gastun, arrl Fukuto (1964) using the noctu:Ld 

moth Triahop 1,usia ni (Hubne;,). They compara:i a bioassay using clean 

air with one in which the air was recirculated tlJr,ough the bioassay 

rcom, an1 fowrl that contaminate::l air iroouce::1 mar,e variable results 

with attenuation of the males responsiveness, an::l caused a greater 

than ten.fold rieduction in the sensitivity of the bioassay. It is also 

good iractice to eliminate any extraneous o:lows fb(Jlll the air which 

are not ncrmally experience::l by the insects when they mate in their 

natural environment in case these influence the behavimr of the 

insects. 

The use of rmve subjects in a bioassay is also desirable: 

the responsiveness of some rnale l.Bpidoptera has been derronstrated to 

be inhibited after a single xiec-mt ~X-f'OSUX'e to ti1eir sex pheranane 

althoogh tl1.ey recovur before t'lie nt:xt day (Sho1:\.!y, et ai. 1968ct). It may 

thErefOr'e be necessar-y to isolate the insects from .irrlividuals of the 

opposite sex befcre they are used far bioassa.y pwposes. 

Considerable variability can also be intro::luced into a 

bioassay by failing to stan:lardise the nethod used f cr dispensing a 

pat'ticular phet'orrone sample. fa' example, keeping to a. strict timing 

sche:lule dllt'ing the preparation of the sample until its inser-tion into 
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the bioassay apparatus becanes incr:·easingly impcrtant the smaller 

the sarrq;>le because the relative loss of phe:-anone an:i consequent 

reduction in the amowrt left in the sample is mere rapid. The rate of 

change in the emission of a pheromone fran a substrate will also 

deperd en the mater:>ial used fer dispensing it. Fer example, the loss 

of pheromone fran an abscrbent arrl adsorbtive rnaterial such as filter 

paper', or from a permeable containet' such as a plastic bag will be mere 

prolonged than when dispensed fran a material such as glass where the 

pher-amne is exposed on the surface. Over a relatively short pericd of 

time the pher:iom.me will ther:>ef cre be emitted at a mere constant rate 

:Eran an absorbent at' adsorttive substrate. 

A further:> consideration is whether to make the bioassay 

quantitative. Sane estimation of the relative amount er activity of 

the phercm.)ne was consider-al. to be desirable for the p:'esent investi-

gations, because of the aidai infCK'mation that this would provide. A 

nunber> of possible situations exist wha:-e a q uanti tati ve bioassay 

would be invaluable canpare::l with a pur'ely qualitative bioassay: for 

e~le, the pheranone may be pt'o:iuced arrl stored at different 

locations in the b:dy of the insect. Alternatively, thet'e may be two 

canponents prcduced in different regions which ar'e both. unattractive 

or only slightly attractive by themselves an:i which only show their 

full activity in ccmbination, er one may be a synet>gist which is 
itself not atiracti ve. A q uanti tati ve bioassay can also give soroo 

irrlication of et'I'cx:'S in pr-oce::hre or whether a par-ticular result may 

have been influenced by cantaminents. It may be a::lded that a 

quantitative bioassay is essential fer isolating er identifying a 

phercmone because of th.e estunation it provides of any synergism at' 

losses dUt'ing pUt'ification which cou:Jn occtr. HCMever, no attempt was 

made at any chemical research in the present surly. 

One µ-er:i~ uisi te for a q uanti tati ve bioassay is that there 

should be a controlle:i air flew over;, th.e insects • The reason f<.r this 

is the i:roblems associated with. the use of still air . If the pheromone 

is added fer example into a clooe:1 container> with insects, then it 

may not adequately mix with the air. Also, if th.e pher:>om:Jne is first 

applie:l to a substrate an::i th.en intrcduca:i into such a system, 

its concentration in th.e air would change as it continua:! to evalXJ('ate. 

It also follows that the resuJ. ts fran a bioassay in still air may be 
extremely variable. 
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In S1..lmlar:'Y, the sex pher(]OC)ne bioassay should IX'eferably 

depero an a behavioural response which can be ireaswErl objectively an:l 

which will still permit detection of lav concentrations of t:neranooe. 

It should oot inccrpar:'ate facta:'s which adversely affect the sexual 

behaviour:' of the insect . Stan:laroisaticn of troce::l we should be 

effecte:i by dispensing the :i;neranone sample in such a way that it is 

slowly liba:-ate:l into the air, by using noths of the sama age an:l matErl 

state f<r each exper-immt, an:i by using an uncontaminate:l air sotrce 

arrl clean 9:1uiprrent. Fvllc.wing the same :proce:iure an:l timing sche:iule 

fer each bioassay also assists in achieving consistent results. S<ffl;! 

fann of esti.m3.tion of the relative amount of pherarone µ-esent is also 

des:irable, arrl this re:p.ri.res that therie be cantrolle:i air m::)verool'lt 

in the bioassay appar>atus. Finally, adequate controls or checks fer 

the a.rove facta'S sh . .)uld be carrie:l out er inccrpat'ate::i into the 

experi.roontal design of the bioassay. 
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CHAPTER 2 

M3.tet'ials ard reariing methals fer C. zeaZandica 

c. zea?,,andica was usually collecte:::l. on the far-ms of 

It>. N.O. Gocrlhue, Mar:1shrnea::low Roai (Collins Road), Tauwhare, Hamilton 

R.D.4 arrl M:> T.P. O'Regan, Te Rahu Road, Te Rahu, Te Awarm.itu R.D.l. 

In addition small m.nnbers wer-e also collecte::i fran the p:'Opet'ties of 

Mr A.S. Gunn, O:>aig Roa:l (Collins ROcrl), Tureka, Hamilton R.D.4 

am from the Aucklan::l Univa:>sity Lmmological Field Station, lake 

Rotoiti, Rot<rua. 

The aoZZection of pupae and third instar Za:r>vae and trie rearing of 

a.duZta 

The methcn ustrl was a maiification of that of Henzell 

et al.~ (1970). The l.ar:>vae an:l pupae wer>e collecta:l by digging in 

1970 ard by following a plough in 1971. They wEr'e 1:rrught back to 

the labcrat<ry in a thin layEr' of fine soil to p:'event desiccation 

arrl scrte:i irnme::l iately. Those damage:i wer-e d iscar'Cl e:l arrl the 

rema.in:iet' wa:>e segr-egate:i into lar-vae, male pupae,arrl female pupae. 

The sexes wer>e :identifie:l using the mcrphological char'acta:is 

describe:l in the following section. Aftet:1 having been s<rte::l the 

insects wer>e place::l irrliv:idually in small cells of rniniatwe ice cube 

trays an:l stcre:::l. in separ-ate plastic boxes fer larivae, male pupae,arri 

female pupae. They werie then kept in a constant tempet:1aturie cabinet 
0 

at 9. 5 + O. 5 C. This was considEr'e:l necesswy because Henzell et aZ. 

(1970) note:l that when pupae ar-e :r;resent an:l beetle emerigence takes 

place in the field at Ruakur>a, the ave!'age soil temperiaturie at a 

depth of 10 an ap:r;roxirnates 10°c. 

f.ach ice cube tray ha:! 90 cells with 14 rrrn s:ides. In 1970 

a laye:-i of plaster' of par' is 3 to 4 rrrn thick was pa.Ir'e:l into the 
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bottan of each cell follo:JJing the p:>oce::lllt"e of Henzell et a"l. ( 1970). 

These authcrs frurrl that this re:luce::i wing damage ani mcrtality, In 

the iresent surly, ho.-1ever, the plasta:' of par>is often becar,1e mouldy 

if the insects die::i arrl was diffiailt to remove, so in 1971 it was 

replacw with a layer' of fine soil of a s:i.milut1 depth, 

The trays were place:l in polyei.:hylenc envelopes fer stcrage. 

In axle:' to :p:>eV~'1t any of the J.ar>vae er cdults fran leaving their cells, 

they were then stackw in gprups with an e.'Tlpty tray at the top an::l 

bourrl together with stout rubber barns. Each tray containing insects 

was thus coverw by the bottan of another tray. 'Ihe plastic boxes in 

which the trays wet'e kept were :i;rovidex:l with tightly fitting l:ids arrl 

a laya:- of clean sar>.:1 wet with 3% to 4% coppet:> sulphate solution. This 

p:'o:iucw a high hurn:idity ins:irlc the boxes; the san:1 µ,eventing the 

solution :fran splashing, an:i the coppe;> sulphate keeping the water 

sta::>ile arrl re:iucing excess corrlensation. 

The insects WEre checkw eveLty one er two days; dea1 ones were 

removw together:' with the soil er plaster> of par>is, arc new pupae er 

a::lults tra"YlSfet:Te:l to the apµ:,oi:riate container's. 

The results of the reariing :i;roce::h.Ir'es ar>e given in Table 2 ,1 

arrl the currulative numbers of male an:i ferna.le beetles that ha:l hatche:1 

each day in 19 71 ai:'e shewn in Figur>e 2. 1. 

'Ihe reat:>ing µ,oce:luve resulta:l in a total of 117 males an:1 

173 females being :i;ro:iuce::l in 1970, arrl 294 males an:l 324 fenales ID 

1971. In both years the lar>gest l"'elative losses of imma.ttlr't:! stages 

occurTai in the larvae, 77,5% dying in 1970 arrl 94.0% dying in 1971. 

Only apiroximately 50% of the p.ipa.e die::l er i:ra:lucErl defcrma:l aj,ults 

ova>all but losses fran :in:iiv:idual batches var> iro fran 35. 6% to 74. 6% 

with no appar>ent difference between sexes. The lc31:'gest losses amongst 

p.ipa.e ocrurre:l soon after collection arrl duvmg .:rlult emer>ge.nce. 

It is of note that the total ma:'tality was less t11.an that 

obtainw by Henzell et ai. in 1969 arrl gpeata:> than that obtaina:l by 

H enzell et a i. in 1970. The farimer> authCJ:"s lost 70% of their insects 

whilst the latter lost 3 6% of 30,000 lar>vae kept at BOC to 10°c an:i 

33% of 5,400 J.ar>vae kept at 16°c. Defcrme:i in::liv:iduals werie includa1 

in the rn.ct'tali ty of the µ:,esent stu:iy an::1 this may explain the hig.1-i 

CNer>all losses compar-e:l with those of Henzell et aZ. ( 1970). 

~esumably these authers only collecte:i larvae, although this is not 

state:l, arrl ther>efct'e some losses resulting from han:iling pupae which 
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erratum: 

figure 2 .1 

The cumulative numbers of ma.le a.nJ re.--:1a.le 
C. zeaZandiaa inagos which hatche.:.! fran 
pupae in the la.bcratcry in 1~ 70 

Time shouJd rea.:l Date. 
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are easily danaged ·would not have been ina.irred. 

Identifiaation of the sexes of pupae 

Male and fem.ale pupae were distinguished from one another 

using the ventral structures at the posterior ends of their abdanens. 

In the male a conspicuoos medial lobe farms an elongated ridge with 

smaller lobes on each side. These are posterior to what appears to be 

the 6th visible abdaninal ste.rnurn but the last sterna are not clearly 

defined (Figure 2. 2). In the female ti"'1e corresponding area is 

flatter an:::l the.re are only two small lobes lying one on either side 

poste.riO(' to the 7th visible sternum (Figure 2.2). 

Maintaining adults reared from pupae 

After hatching the adults were transferred to small pots of 

soil in gricups of up to 10 males or 10 females per pot. Tnese were 

held in a o:>nstant temperature cabinet at 15°c un:ier a photoperia:l of 

15 hours 35 minutes light to 8 hours 25 minutes darkness. Illumination 

during the light periods was provided from a 200 W incan:lescent bulb 

controlled fran a timeswitch to switch off at 1930 hours daily in 1970 

and 2135 ha.irs daily in 1971. The insects were therefore subjected to 

an approximate average November photoperiod except that in 1971 the 

dark phase commenced two hairs later than naturally in the field. 

The soil pots were clear plastic with volumes of about 58ml 

diameters at their openings of 52rran, and heights of 38mm. Each had 

organdie netting fastened ewer it by means of a push-fit plastic lid 

with a central 2Qnrn diameter hole. Each pot was hall filled with soil 

to allCM the insects to burTCM and provided with three or four fresh 

leaves of Salix masudana Koidz (twisted will&) every two or three days 

for f ocxi. The pots weru stO('ed in lunch boxes which were priovided with a 

layer of sand wet with 3% to 496 copper sulfhate solution in the sarne 

manner as were the boxes far larvae and pupae. Mortality records were 

not kept in 1970 because of t½e change frcm using reured beetles to 

field oollected beetles for the bioassays. Ho;,1evE~r, in 1971, 16.4% of 

the males am. 10.5% of the females died within approxima.tely 5 days of 

hatching while 36.0% of the males and 23.3% of the females died within 

approximately 10 days of hatching. These results compared fa.va..irably 

with those of Henzell et al, (1970) who fam:l that 49% of all the 

adult beetles kept at 16°c died within 10 days of hatching. Mortality 
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Figur1e 2.2 

Identification of the sex of 
C. zea Zandiaa pupae 

The enbre male arrl female pui:-3-e are sho.-m 

in lateral view, an::l the.ir a.Womens are sho.,,n1 1.n 

ventral view. Note the conspicuous elongate:1 

me:iial lobe at the postericr errl of the J1Ble' s 

ab:lomen which µ1esumably re1resents part of the 

developing te~n. 
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re.cams were not kept fer beetles mare than 10 days old because they 

wer•e used when they wer>e between 10 am. 15 days okl. Using beetles of 

this age enauvoo. repra:luctive maturity since Henzell et al. (1970) states 

that "in the field ncrmally a pt:ria:l of 7 - 10 days a."' longer' elapses 

between final e::rlysis ani pr:'imar>y beetle emer>gence". They also foon.i 

that beetles reare::i at 8i:ol0° C were most likely to resporrl to ferJU.le 

extracts when they we;,e 14 days old. However', these tJer>e the oldest 

beetles teste:1 by these authcris. It was the;,efcre likely that the 

beetles rear>ed at 15°C in the iresent study reache:i sexual maturity 

bef cre they were use::1 because of the higher' tempet•ature urrler' which they 

wer> e rear e:::l • 

CoUeation of a.duZts in the fieZd and their maintenanae in the laboratory 

The beetles we;,e collected at night by knocking them off a 

he:lge of 8erbe-z>is vuZ.garisL.Cbarba:rry) onto a beating tray. They WE!r'e 

1:rought back to the la.bcratcry in la .... ge buckets with close fitting lids 

containing barbE!t'ry shoots ard left in these overnight. Next mcrning 

rrales arrl females wer-e separate:i using the :identilying characteris 

desa:'ibed in Chapter 3. They werie then place:::1 in gpoups of 100 in 

translucent white plastic boxes ap:p:>oximately 30cm X 20cm X 10cm high 

with push-fit plastic lids µ,ovhlro with air holes. These boxes WCS...L'e 

half fille:l with soil am. kept at the same temperature ard. photoperia:! 

use:1 fer' lab<ratc:r'y reare::l beetles. The boxes were opene::1 every two er 

tlree days an:l fresh shoots of twiste::l willow werie a::lda:1. Any dea::l 

beetles lying on top of the soil wer>e also remove:1. Water was si:rinkle:l 

onto the soil to dampen it when necessariy. 

In 1970, the beetles Wer'e collecte:l between 30th October and 

3rd Nov~ and added together to give a total of 300 r:iales and 200 

females. Some of these wer>e then use:i fer bioassay w<rk ap:p:>oxirnately 

5 to 8 days later> ,am. some were usa:i in labar'atcry rrating e:xper> iments 

ap:i;roxima.tely 16 to 19 days later. Their total ma'talities after 16 

to 19 days were 10. 8% far' the males ard 1.1% fer the females. 

In 1971 100 male an:l 100 ferrale beetles we:>e collecte:i on 

29th Ccti::±ierwhile 200 males an:l 100 fe.rnalcs were collecte:1 on 4th. :rover.:ibcr. 

Some of bot"ri gpoups wer>e used fer field trapping experir,,ents 2 to 3 

weeks later' ard. most of the rrales plus some of the f errales collecta:l 

on 4th NovembEr wa:>c ustd aftet' 16 days far> bioassay wcrk. Of these 
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latter, 33.3% of the rrales arrl 12.5% of the females die1 Were they 

could be use:i. 
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CHAPTER 3 

The repro:luctive organs of C. zea'landica 

Intrcduction 

No thorough study of the reprcductive orgill1S of 

C. zea'landica has yet been published and only the follc:M1.11g information 

concerning them was available at the start of the present studY.:-

Elliott (1964) described the developrrent of the gonads in the pre-adult 

stages and also the appearance of the rudi.rr--..mts of the other internal 

reprcductive organs in the larva. Given (1952) studied the external 

genitalia of the mle but he was concerned only with fE:atures of taxonomic 

importance. Kelsey (1965) gave two rretho:ls far distinguishine the sex of 

the adults from external features. More recently Fcnemore (1971) 

published scm::: data on the condition of the internal repro:luctive organs 

in relation to the known age and mated state of the beetles, and included 

som:: figures of the male and female internal reproductive organs. 

Fenemore (1971), Farrell (1973), and Wie;htrnilll and Farrell (1973) included 

Sam3 information on the fecundity of the female. Additional characters 

for distinE;Uishing the male and female beetles are given by Kain (1972). 

Duff (1970) detE:::rnri.ned that the chrornosarre number was 2n = 20 and 

investigated karyotype variation between different populations. 

Becaus~ of the paucity of information on the reproductive organs 

of c. zea'landica it seerred desirable to make a thorou8fl study of them 

especially since this might assist in the identification of the phDromone 

gland. It also enabled the estublishrrent of a consistent norrenclature 

and this proved of great value in the description of sexual behaviour. 

Metho:ls 

For dissection the beetles were anaesthetized with chlorofonn 

vapour or carbon dioxide and secured dorsal surface uppermost by 

embedding their legs in paraffin wax which lined the bottom of a small 

dish. They were then placed under a dissecting microsco:pe and zenerally 
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subner>ge:i urrleri Clar-ke' s insect saline (Hale, 1958). ThE:re we:'e two 

exceptions to this J;rOCe:iUI'e: those beetles fban which. parts wer-e 

re:p.1ire:i fer examination with the transmissic.m electron microscope were 

dissecte:i urrle:' 2. 590 glutcll'dldehydc in Millong' s phosphate buffer 

(pH 7. 2); whilst beetles which ha:l alrea:ly been fixe:i in hot Bown' s, 
as describerl below, were .inma:>se:i in tap water fa:> dissection. 

The hist;:;,logy of the inte:'nal re!X'o:iuctive crgans was 

investigate:i by making canplete transvet"se an:1 loogitudina.,,l sa:1ial 

sections of excise:i organs er entire al:dcmens. Nc:rma.l histological 

techn:iques, as given by Hurrason (1966).wer'e followe:i. To ra:luce damage 

during transfe:> fbi:::m one solution to another each. piece of tissue was 

kept in an ui:right glass tube with fine netting fixa:l to the lcwer errl. 

Zenker-' s fluid was usually usa:l f<r' fixa:tion, although Helly' s, 

Car-my' s, an:1. Bouin' s fixatives, arrl buffe:>a:l fcrmalin wa:-e also usa:l on 

occasion. l-bweve:>, Cat:'noy' s an:i Bouin' s fixatives were neva:- relie:i upon 

by themselves for giving ga:d cytoplasmic detail because of their acetic 

acid content. After" fixati<..m, the tissue was subjecte:i to the usual 

washing;· deh~ation in 50%, 70%, 95%, an:l 100% ethyl alcohol; arrl 

cleai;,ing in toluene ar benzene. When small pieces of tissue wer>e being 

pr,ocesse:i, eosin was a±ie:i to the 95% ethyl alcohol to facilitate 

crierrtation dwing subsequent embe:lding. Soft tissue was vacuun emba:ide:l 

in par>affin wax with ceresin (60°C mp) a;, Par>aplast* ( 56-ST)C mp). 

Tissue containing sclet1otise:i cuticle was double embe:lde:i in 4% cello:idin 

an:i par>affin wax with ceresin (60°c mp) acccrding to Butt's metha:l 

(Humason, 1967). The timing sch.edules which p:,crlucerl the best results 

with these pt'OCe::lur'es ar>e given in Apperrlix 3.1. Post-treatrrent fOI' 

Tne:'cur>y consisted of substituting a saturiata:l solution of icline in 70% 

ethyl alcohol f-::r the 70% ethyl alcohol dtr'ing deh~ration arrl lata:', 

when staining the sections, inclu:iing Lugol' s solution in the staining 

series. Most sections we:>e cut at 5 to 6µ, arrl all were cut between 3µ 

an:i 8µ. Egg albumen in water:1 was always usErl as an a:lhesive fer wax 

sections to ensUI"e that m cuticle floo.te:l off di.ring staining. Gelatin 

was use:i to affix double ernbe:ld.ed sections to slides . Sections were 

eithe:> stained with Delafield's, Ehr>lich's, _er Ma.yer-'s haenutoxylin 

an:i counte:>stained. with eosin, a;, Wa:'e stainErl with Mallcry-Hei:lenhain' s 

rapid triple connective tissue stain. 

*Fischer- Scientific Co. , U. S .A. 
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The external genitalia We::'e examine::i by 1issection arrl by 

naking whole mounts. These wer>e irepaNrl by the usual macEr"ation 

technique of boiling in 10% p:)tassiurn hy:iroxide follcwe::i by washing in 

wata:>, dehy:iration in ethyl alcohol, clewing in ta:>pineol, arrl nounting 

in D.P.X. er Cana:ia. Balsam (0ldroy:i, 1958). 

The muscles of the external genitalia wa:ie examined by 

dissection. Since they wa:1e snall ard almJst transparierrt, they were 

usually staine:1 with Malla:'y's phosphotungstic acid haernatoxylin. 

F:irstly, whilst still in Cl.ar>ke' s insect saline, they werie lightly 

fixe1 by dripping 4% fcrmalin onto them. Afta:1 a feM minutes the 

fixative was gently flushed away with m:re saline. The stain was then 

carefully applied by repeatedly running snal.l. amounts of it into the 

saline neal"' to the muscles an:i flushing it away with JUCI'e saline until 

the muscles WEre clearly delirninatoo.. Fixation, however, m:rle fllr'ther 

dissection difficult because the muscles Jroke easily. 'Iherefcre, the 

canplete set"ies of muscles was examined by seq,uentially 1issect:ing 

differ-ent beetles tu p:>og:iessively deeper levels befcre staining. 

Tissue was initially i;repar>ed fer examina.tion with the 

transmission electron microscope by fixing it in a 2 .5% solution of 

gluta-aldehyje in Millonig' s phosphate buffer (p-I 7 .2) fer 1 hotr arrl 

subsequently stcring it in this buffez:, far' 1 to 7 days at 4°c. All 

f\X'ther :trepat"ation was car:Tia:i out by Miss A.B. Gavey an:l 

Ir J.P. Shalcraft, Meat Resear>ch Institute, Hamilton. The tissue was 

post-fixed with 1% osmiun tetroxide f.:r l how at room temper'attre, 

deh:ydraterl in acetone washes, ard embe::lded in Epcn. Afte;, 1riimn:i.ng the 

block, the region of interest was lccated by cutting sections app:-oxi­

rnately 2.u thick with an ultramicrotane, staining them with 1% toluidine 

blue, ard examining them with the light microscope. When the region was 

fourd , thin sections were then cut at apiroximately 600 R, staina:1 with 

lX'anyl acetate am lead citrate f.:r 5 minutes each, arrl. examined with a 

Phillips E.M. 200 elec1ron microscope. 

Specizrens were i;repared fer scanning elect:rion microscopy by 

freeze drying them at -35°c an1 then fixing them to aluminiun sttrls 

with a con:iucting silver- paint. Ft.rthet' treatm=nt was can:1ie:l out by 

Mt' E.E. Wheeler, Chief Technician, Deparitment of Pathology, MErlical 

School, University of Aucklard, who coatoo. the speciroons with a thin 

film of gold un1er vacuum. They wer-e then e}0Jll;ined with a Phillips 

Stereoscan scanning electron microscope. 
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The positions occupied by the genitalia of copulating beetles 

were determined from pairs which ha:1 been collecte:l in the field by 

knocking them from hedges into a Dewar flask of liquid nitrogen. They 

were allcwe::l to warm up to -35°c in the lab:.xiatcry am. droppe:i into 

boiling Bouin' s fluid thrcugh a wide diameter reflux corrlensa:-. The 

beetles Wa:'e recovered when the Bouin' s coolerl arrl subs~umtly washw 

in running tap water f<..r half an hour' befcre being dissecte:i er sectione:i. 

It is irobable that little movement of the internal crgans 

occllr'!'ed dwing fixation.- This roothal did not, hc:Mever-, ircnuce 

entirely satisfact<ry histological p:>epariations an::i so it was used only 

fer determining the p:)Sitions of the cre;ans during copulation. 

Bacteria were cultwe:l using ncrmal aseptic techniques. 

They were obtaine:i fran beetles which had been par-tially surface 

sterilise:i by lrief dipping into 70% ethyl alcc.hol an:l then shaken dry. 

The crgans containing the bacteria were then dissecte:l, keeping the 

instruments as ster'ile as possible. The bacteria were cul twe:l an:l 

isolate:l on nutr-ient aga-- at 20°c. It is i:robable that little contam­

ination occur:Te:l using this rrethcrl of obtaining the bacteria because few 

different types were fourrl in each of the cr gans. 

All drawings were made fran speciloons using either gpaph 

paper ard a microscope 9:luippe:l with a s:iuar-erl eyepiece ~aticule, CC' a 

microscope fittoo with a cazrera lucidia. Measurements smaller than 

about 2mm Wet'e made with a ·mic:l'.'oscope fitte:i with a cal ibrate::l eyepiece 

micraneter. 

Sexual d i.Jra,phism 

The nale arrl female a:iult beetles ar-e Vel'y similar- exta:-nally 

although Kelsey C 196 5) foun::l trot the rrale could be distinsuishe::l .:fran 

the female by an examination of what he ta:"med the 6th alxlaninal stErnite. 

This, however, is the 8th stet'nun, the first alxianinal sterinum arrl par,t 

of the secon:i being either' lost or' possibly memlranous arrl theref<re 

irrlistinct (Imm.s, 1960; &iitton, 1973). In the nale the 8th ste;,num has 

a conspicuous shallcw central 1eIX"ession arrl il "sulcus" Gr' mtch each 

s.ide of the centre on its posteriicr In:lr'gin, but both of these feattres 

ar>e absent in the female (Figl.r'e 3 .l). Kain (1972) confirmed these 

~ints but fourrl them difficult to use in the fiekl urrler par iightin . . . g 
corrlitions. He also repcrta:l, that in the female the genital styli . 

(Figur:,e 3.19) can be seen when the genitul. chamber' is opene:l by lateral 





figur'e 3.1 

Sexual di.m:rphism of the al ult 
C. zealandiaa 

Lateral ard ventral views of the aWanens of 1;i..J.le dfd fe:Mle. 

Note the m:rlian dep::-ession in the 8th sternum of the IMl.e 

which is absent in the female, an:i the dif fererces in 

iropcrtion between the 7th an:i 8th ter ga ot nule am female. 





pressure on the al:x:lanen and in teneral or newly emerged beetles the 

accessory glands in the female or "colleterial glands" can be seen 
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as two dark spherical patdles, one on either side of the midline, 

through the 7th abdaninal sternum. Furtherrrore, he noted that the 

external genitalia of the male, particularly the pararreres (Figure 3.7) 

are visible through the 8th tergum and that this character, together 

with the other female characters previously rrentioned make detexmination 

of the sex easy. 

D.lring the present study it was also found that the eggs were 

occasionally visible thrcugn the ventral abdcmina.l walls in SOTOO females 

but this was of limited use in determining sex. The only other external 

differences that were found were marp"lanetric ones and these were of no 

priactical use in sexing the beetles. All the structures that were 

measured and their diJ:nensions are sumnarized in Table 3 .1. These shew 

that the a.'1tennae, maxillary palpi, all the tarsi, and various 

al:xianinal sclerites differ significantly in size between male and 

female beetles. These differences, though, were mostly too subtle to be 

recognized by looking at the insect, except far the abdominal sclerites 

which occupy different :pr:'Opat'tional areas in the abdolren of male an:l 

female. 

The internal repr>cxluctive Clr'gans of the male 

The internal repr'o::luctive organs of th-:; male c. zeaZa:ndioa 

have not been µ:,eviously described, althcugh they are figured by 

Fenemare (1971). Ho11ever, they have been studied in a number of other 

male Scarabaeoidea: BClr'das ( 1900) examined those of the melolonthinids 

Melolontha melo"lontha L., HopUa aaerul,ea Drury, HopLia brunnipes 

Bonelli, Hop Lia farinosa L., Hymenopl.ia strigosa Illig., and Anozia 

viHoaa Fabr., together with 17 other scarabaeids in the Aphcxiiinae, 

Scarabaeinae, and Cetoniinae, two lucanids, and 4 geotrupids. 

Williams (1945) describes the internal repro::luctive organs of the 

scarabaeids Pinotus aarol,inus (L.), Phy'l"lophaga sp., Popil,l,ia japonioa 

Newman, and Cotinua nitida (L.); the lucaitld Pseudol,uaanus cap:reol,us 

(L.); the geotrupid Bo'lboaeroaoma faratum (Fabr.); and the passalid 

Popi 7.ius disjunotus (Illig.). Iletailed descriptions also include these 

of the scarabaeids M. mel,o"lontha L. by Straus-Oilrckheim (1828); PhyUopertha 

hortioo'la L., and Anoma'la aenea Geer by Rittershaus (1927); AmphimaUon 

ma.jal,is (Raz01.miavaki) by Menees (1963); and PhyUophaga anzi.a (U: Cante) 
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TABLE 3.1 

Dimension of sane of the scler i tes of ma.le an:l 
female CosteZ.ytra aeatandica taken fran 15 specimens 
of both sex. 

All measurements in IIIIl. 

Key~ MALE FI.MALE Snrlent-t ppos~e 
iagr MFAN S.D. MF.AN S.D. value 

Hea.i A 1.93 0.07 1.99 0.12 1.49 
11 B 2.233 0.115 2.220 0.098 0.34 

Prothcracic tergum C 2.187 0.164 2.173 0.144 1.54 
" D 3.773 0.205 3.913 0.207 1.86 

Mesothcracic tergum E 1.500 0.085 1.48 0.077 0.68 

Elytra F 7.107 0.313 7.300 0.342 1.62 
Him wing G 10.647 0.496 10.540 0.582 0.54 

7th alxianinal tergum H 1. 733 0.159 1.833 0.172 1.66 
8th alxianinal tergum w:idth I 3.260 0.282 3.250 0.262 0.09 
4th alxianinal sternum 1 J 0.429 0.041 0.477 0.038 3.29** 
7th ab::ianinal sternum len K 0.843 0.075 1.030 0.071 7.00*** 
8th al:rlaninal stet'num len L 0.467 0.049 0.503 0.036 2.28* 
8th ab::ianinal sternum width M 3.876 0.349 4.037 0.326 1.29 

Antennal length to 
last annulus N 1.113 0.078 1.023 0.089 2.95** 
umgth of last annulus 0 o.799 0.075 0.635 0.070 6.27*** 

Maxillary palp p 0.828 0.058 0.783 0.053 2.02** 

Prothcracic f emut' Q1 1.793 0.093 1.776 0.075 0.56 
n tibia R1 1.910 0.114 1.947 0.112 0.90 
" tarsus S1 2.877 0.094 2.406 0.146 10.52*** 

Mesothcracic femur Q2 2.227 0.113 2.189 0.107 0.94 
II tibia R2 1.885 0.112 1.869 0.109 0.41 

II tarsus S2 3.029 0.142 2.519 0.264 6.61*** 

Metathcracic fanur 1 Q3 2.455 0.109 2.502 0.105 1.19 
II tibia 1 R3 2.298 0.129 2.298 0.139 o. 95 
II tarsus 1 S3 3.483 0.164 3.033 0.238 6.02*** 

Basal plate of 1 T 2.136 0.123 
te@llen w u 1.053 0.074 

Par-amere w 1.008 0.010 

8th sternite X 1.281 0.142 
arrl spicules y 1.060 0.164 

Stylus z 0.542 0.044 
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cy Berberet and Helms (1972). In addition, Rittershaus (1927), and 

Berberet and Helms (1972) give histological descriptions of the internal 

reproductive organs of P. hortiaol,a and A. aenea, and P. a:nxia 

r€spectively; and sane histology is available for· the cetrn.i.inids 

Cetonia fLoriaoZa Herbert., and Cetonia aurata L.; the geotrupid 

geotru;:ea mutator Marsham; and the luc.:inids Lucan.us aervus L., and 

Doraus paraUeZipipedus L. (Bordas, 1900). 

The ma.le i.'1.ternal reprioductive organs of C. 2eaZa:ndiaa are 

very similar to thooe of other Scaraba.eoidea. They consist of paired 

testes connected by v.:isa efferentia to a pair of vasa deferentia, two 

vesicules seminales, a ductus ejarulatorius, c1 p:ri.r of accessory glands, 

and a pair of accessory gland reservoirs ( Figure 3. 2) • This is 

basically the same cJrr'anger;)ant as in all Coleoptera (Baro.as, 1900; 

Irrms, 1960; Britton, 1973). 

The testes 

The testes of C. 2eaZandiaa each consist of 6 follicles which 

are completely separated although they lie near each other. They are 

held in place by tracheae close to the integummt of the lateral regions 

of the 6th to 8th abdominal sterna and the lateral edges of their 

corresponding terga. The follicles are usually pooi tioned so that 5 of 

the.u sur.r>wnd the 6th, althrugh sanetimes they are c.lr'J:"anged in an 

irregular circle of 6, or a circle of 5 with the 6th internal to another. 

Each follicle is an opaque white organ which is approxinately 

sph~iml in shape and has a rnuxirm.nn diaiooter of between o. 73nm and 

0.13nm (Table 3. 2). The poles are generally canprossed sarewhat; the 

apical one lying tcwards the integument and the basal one being 

attached to the vos ef ferens. In addition, the equator of the follicle 

usually has an irregular slightly scalloped outline. 

Each follicle is enclosed by a capsule of connective tissue, 

apprioxi.mately 2µ in thickness . The end of ti'-le vos ef ferens penetrates 

this and exten:ls to the centre of the follicle where it expands into a 

wine-glass shaped opening approximately 80 to 100µ in diarreter 

(Figures 3.3 A, B). Internally, the prioxirnal half to two thirds of the 

follicle is subdivided radially into 10 to 14 lobes. 'These are 

enclosed by a layer of cannecti ve tissue less than lµ thick, and small 

tracheae also run inward between the walls of adjacent lobes. No attempt 



TABLE 3. 2 

Dfa1ensions of the male intet'nal rei:raiuctive crgans of Costelytra zealandica 
taken fran ten specimens. 

All measur'ements in nm. 

MEAN S.D. RANGE 
maxJ.J11UIIl minimum 

Maximum diameta:' of testis follicle o. 942 0.115 1.13 - 0.73 

Vas effet'ens length 0.767 0.256 1.10 - 0.37 
width 0.038 0.0088 0.05 - 0.03 

Vas deffer-ens length 7.093 o. 977 8.27 - 5.33 
width 0.278 0.038 0.33 - 0.10 

Reservo:ir of accesscry glarrl max. width 0.410 0.077 0.60 - 0.33 

Seminal vesicle max. width 0.290 0.007 0.43 - 0.20 

Canbine::l accesscry glan:l reservoir 
arrl seminal vesicle length 1.460 0.210 1.77 - 1.17 

A ccesscry glan:l length 60.25 6.365 73 - 52 
width 0.169 0.032 0.23 - 0.07 

A ntet- icr part of ej aa.ilatcry duct length 2.06 0.413 2.50 - 1.17 
width 0.187 0.057 0.32 - 0.13 

Postet-icr nuscular sheath of length 1.987 0.345 2.73 - 1.80 
ejacularoty duct w.idth 0.593 0.113 0.87 - 0.47 
(ootside tegmen only) 

N 
co . 
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Fj_gupe 3.2 

The internal rei:ro:luctive crgans 
of the male C. zealandica 

Dcrsal view with the left accesscry glard 

sanewhat urra velle:1 • 

e.l'l"ata: Ductus ejaculatcrus soould real: 

d uctus ejacula.tcr ius 



g land Accessory 

Vasa 

Vos deferens 

legmen-

Ve!~~li~olis 

Ductus 

I mm I I 

ejaculatorus 
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figl.It'e 3.3 

Histological mic:::r-ographs of the male C. zeaL andiaa 
rei;rcductive at'gans. 

(All Haernatoxylin arp eosin) 

A. Longitu:linal sections t!lt'ough two testes follicles an::i a vas 

effer:'ens I arrl transverse sections through sorr-e folds of the 

vas def er:'ens . 

Note the outer:' connective tissue sheath of the follicle, an:l 

a pcrtion of the vas effer:'ens opening. The edges of the 

follicular lobes at'e difficult to follow but the clear-est can 

be trace:! in,.;,ard fran the black arr,ow. Fer fllr'ther- details of 

testis structure see text. Spermatozoa arrl cyst cells at'e 

visible within the vas deferens. 

B. A testis follicle, vas ef ferens ard aa:ieagus in longi tu:lina.l 

section, together with transverse sections through the two 

accesscry glarrl reservoirs an:i their associate::1 seminal 

vesicles. 

Note the opening of the vas efferens inside the follicle, the 

folded inter>nal sac within the muscular sheath of the 

ejaculatcry duct. The basal piece, a paramere, the rectum, arrl 

part of the 8th ter>gum are also visible. 
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was rna:ie to follow sper'matogenesis in the pr>esent sttrly but sections of 

the testes show that the ear-lier' stages consisting of Spet'matogonia an:i 

cysts of synclrorously dividing cells ar-e concentrata:l in a thick disc­

shape::1 region at the apical en:l wher-e the follicle is not sub::iivide:i: 

later- imnature cysts terrl to be concerrtrate:i near;, the outer> sut'face of 

the lobes arrl the t'emairder' of the irrte:'iat' is packe:i with cysts of 

rnatl.lr'e Spet'matozoa. These finally becane free:i from the:ir cysts when 

they reach the enlarge::l opening of the vas effer'ens (Figwe 3.3A). The 

apical en:i of th~ follicle is therefcre solid while the basal region 

is par-titione:i into lobes which ar•e ra:iially dispose:! about the errl of 

the vas efferiens. 

The testes ar-e canpose:i of 6 follicles in nost Scar'abaeidae 

(Bar'1as, 1900; Williams, 1945) as they ar-e in c. zeaZ.andiaa. Hcwever, 

each testis appear:is to conµ-ise only 2 follicles in the Passalidae 

(Williams, 1945; ~ause, 1946), an::l Bcrdas (1900) notes each has 6 to 8 

in Onthophagua punctatas Illig., 4-6 in AnisopUa agraiaoZ.a L., 10 in 

L. aervus, an::i 10 to 12 in D. paxaaz.ieiipipedus. Williams (1945) also 

repcrts that each testis µ:,obably only has 4 follicles in P. aaxaoz.inus, 
am. 12 in P. oapreoius an:i C. nitida, while Rittet"shaus (1927) 

similar' ly rotes 12 follicles in each testis of A. aenea. 

Usually the testis follicles ar>e canpletely separ>ate::i from 

ea.ch other' in Scat'abae.idae an::l the only exception that was fourd dut'ing 

the i;reserrt literatut'e sear'ch was the s-car>abaeinid Sisyphus sohaffe:ri (L.) 

in which the follicles of each testis ar>e Canpt'esse::l together> an::l 

stlr'rourde::l by a comnon rnem]:l['ane accaroing to Virrki (1957). It is 

inter>esting to note, however, that the follicles of P. an,..,-la d~velop 

within an epithelial sheath which is later lost in the pupa (Berbet"et 

arrl Helms, 1972), so possibly similar' sheaths enclose the follicles in 

other' Scac-abaeoidea whilst they at:'e developing, a.n:1 these c:l!:'e late:' lost 

as they ma:bre in all except S. s ohafferi. 

The structtre of the testis follicle inc. zeaZandiaa 

ccrresporrls closely to the septate follicles descr'ibe::I. by v'irrki (1957). 

These occur in the plewostict Scar-abaeidea an:l Geotrupidae, whereas 

the laprostict Scar'abaeidae have nonseptate follicles. The follicles of 

plei.rostict Scat'abaeidae, however, conm::mly have an apical invagination 

arrl a zone of degenet'ative cells immediately apical to the funnels of 

the:ir vasa efferentia, but both of these are not visible in c. aeaZandiaa. 
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These are also not described in the follicles of the r.(l.elolonthinid 

P. an.,.,-ia by Ber>ba..,et an:l Helms (1972). It is inte:'esting to oote that 

usually a large apical cell, er Verson' s cell, occws in each follicle 

of an insect testis a..c; it develops but these can oo longer' be foun:i in 

c. zealandica, or' in other- adult Scaroabaeidae acc<rding to Vir"rJ.--.i (1957). 

The exterinal appearance of the testis follicle varies 

considerably between different families, subfamilies, an:l species of 

Scarabaeo:idea. Bcrdas (1900) bases his arrangement of families arrl 

subfamilies largely on the follicular m:rphology of the species tl1ey 

contain, arrl V:irrki (1957) gpoups the testis follicles into thr>ee 

different mcrphological types which show p:'Ogpessively mere speciali­

zation fran grioup I to gpoup III. The follicles of grioups II an::i III 

have intet'ral "septa", but those of gpoup II are spher>ical whereas those 

of gr-oup III are 0 mushr>oan shaped". Apparently, the Melolonthinae can 

have follicles of either type because Virrki (1957) gives Me'lol,,ontha 

hippooaatani Fabr. as~ group II exar~ple and.Arnphimaiion aoistitialis L. 

c.s one of gr,oup III. Tri~ follicles of c. zealandica, hcwev.ar, m:ie 

intermediate between the two. 

V.irrki (1957) conclu:les that the shape of the follicle is 

µ:,esumc:.bly due in part to the syncllt'onous gr-owth of rn.nna;,ous sper-mato­

cytes which cause the basal region to swell in the direction of the 

ra::iius and the septa have developed to assist in supplying nutrient arrl 

oxygen to the intericr of these otherwise solid organs where they ar'e 

req_uired fer meiotic activity an:l Spet'rniogenesis. Arrlerson (1950a) 

also repcrts a similar testis follicle structur>e in P. japoniaa to that 

in c. sealandiaa, but he refers to each follicle as a testis, arrl each 

follicle lobe as a follicle~ He also ncrtes that gpoups of spermatocyt:es 

µ,a:l uca:l in the gennarium rove outwat'd arrl datmward passing along the 

outer> wall of the follicle as they develop, an:i gr-oups. of spermatids 

usually lie at the inner- arrl lcwer' en:ls of t'!-ie follicles. Ha'e spermio­

genesis occ1.lr's, arrl t"J,.e pclCkets of sper>matozoa, each still enclose::l 

within two cyst cells, rove upward an:l into the region of the vas 

ef ferens funnel where the gametes are release::l • 



The vasa efferentia 

The vasa efferentia connect the testis follicles with the 

errls of the vasa deferentia (Figure 3.2). They ar>e thin transpar-ent 

tubes with diameters of 0.05nm er less ard lengths which wry frcm 
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about 0.4rrm to over l.Omn (Table 3.2). These rreasi.rements arie, however, 

very appt"oxirnate because the organs at'e exttiernely elastic making it 

difficult to decide what thejr mt'mal resting positions ar-e. 

Each vas efferens is lined with an epithelial layer, of 

cuboid al to columnar cells which var> y from about 4 to 10µ in height 

(Figur'e 3 .4A). These rest on a thick outer' basement roornlrane, arrl 

have a smooth well define:i bcrder with the lumen. Their intet"cellular> 

memlranes are distinct only if examined by phase contrast arrl their 

cytoplasm is densely but fairly evenly basophilic. Also the:ir nuclei 

at'e rounie:l ard situate::l. basally close by the cell walls. 

Surrourrling the vas ef ferens is a thin layer of muscle fil:res 

which fcrm a reticulum although they are µ,e:iominantly orientate:i in a 

longitu:linal to oblique direction. 

The lll!Ilf:m of the vas ef fer>ens is nal'.'rc:M, less than 40µ across, 

an:i free spermatozoa arie usually visible within it £loo.ting in a clear­

substance. 

The histology of the vasa effer1entia of C. zeaLa:ndica resembles 
t1at d~scribed for C. fl,oricoia and C. <W'ata by Boroas (1900), P. hortiao'la 

a."'1d A. aenea by R:ittershaus (1927), and P. a:n.xia by Berberet and Helms 

(1972). In all these s-car-abaeids they at'e canpose::l of a flatterarl to 

oolUililar' epithelium which rests on an outer:' basement rremlrane. The 

nuclei of the epithelial cells can, however, be cerrtral as in the 

cetoniinids arrl rutelinids, at' they can be basal as in P. an:x:ia am 
c. 2eaZandica.. c. au:rata also differs from the others in that the 

cytoplasm of its cells is mere gr-anul~, am. their inner:' sllt"'faces ere 

:irregular- arrl slightly irrlistinct. In a:ldi tion, the vasa efferentia of 

the two rutelinids lack muscles er only have well separ>ata:l muscle 

fil:res, whereas they ar-e swrounie::i by a thin ITD.lScular- layer:' in the 

cetoniinhl s, a "muscular is" in P. an:r:ia, artl a reticultm1 of muscle 

filres in C. zeaZandica. 





Figur'e 3.4 

Histology of the male interra.l rei,rcrluctive 
crgans of C. zeatandica 

A. I..ongituiiral section of a vas effer-ens 

B. Longituiina.l section of a vas def erens 

C. 'Iransvecse section of an accesscry glarrl 

D. 'Iransva.-'se section of an accesscry glard reservo.ir 

E. 'Iransvec se section of the ant er icr region of the 

ductus ejaculatcriius. 
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The vasa deferentia a:nd vesiaulae aeminales 

The distal errl of each vas deferens is located rrm.ially to 

the cluster of 6 testis follicles to which it is connecte::l by the 
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vasa effer-entia. From this position the vas deferens twists an:l coils 

:irregular>ly towards the midline until it comes close to the vas deferens 

of the opposite side (Figur:-e 3.2). At this point both dilate into 

seminal vesicles which run par>allel to each other without touching arrl 

then join the errl of the ejac;ulatcry duct. Each seminal vesicle is 

also bourd by a carm::,n connective tissue sheath to an accesscry glarrl 

resa:>vo.:ir which lies par>allel am. dorsal to it, but the vasa deferentia 

lie free within the haerrocoel, being attached only to tracheae. 

The vasa deferentia ard seminal vesicles are usually op:que 

white due to the seC!'etion arrl spermatozoa within them but sometirres 

small tr'anslucent white regions occur • where the.:ir contents ar>e 

less densely c.ol0tre:i. 

In length, the vasa deferentia very between a. 3mm arrl 5. 3nm, 

arrl the.:ir aVE!!'age diameter is O .28rnm (Table 3 .2). The seminal vesicles 

have maximum diameters of 0.2 to 0.4mm arrl the.:ir mean length is 1.46nm 

(Table 3.2). Their diameter, howeva:>, varies with the quantity of their 

contents arrl this depenis lar>gely on whether the-:.b~etlcs have copulated 

recently: immediately after copulation they usually cannot be 

distinguished from the vasa deferentia, whereas those of unrrate:i beetles 

at' beetles which have not rnate:i fcri some tine ar>e distinctly swollen. 

Fer example when 5 field collected male beetles were kept fer two 

weeks without fenales their> seminal vesicles hai a mean diameter of 

0.3Qmn (S.D. = 0.071nm) am. this was significantly lar>ger> (P<0.01) 

than those in beetles which hcd just been collected (Table 3.2). 

Histologi.cally, the vasa deferentia an:i seminal vesicles ar>e 

very similar to each other . Both are lined with an epi thelilllll of 

flattened to colunmar cells which vary in height fran 6 to 25µ 

deperrling on how much they become flattened by the volume of sect'etion 

ard spermatozoa inside the crgans (Figur,e 3.4B). The epithelium of the 

seminal vesicles also beccmes tllr'am into longitudinal folds when they 

ar>e nearily empty (Figllt'e 3.5A). Most of these fo]ds occw laterally 

ard ventrally, an:l few fOt'm dcrsally where the accesscry glan:l 

reservoirs are attached. The epithelial cells rest on an outer' baserrent 

mernb:>ane, have well defined rourrled cri bulging inner walls (Figut'e 3.5B), 
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Figur:e 3.5 

Histological microgr-aphs of male 
C. zea laru:iica reµ'o:i ucti ve er gans 

(All haema.toxylin and eosin) 

A. 'Iransverse section thr'ough a seminal vesicle ard accesscry 

glarrl reservoir sha,.ring the longitu::iinally folded epitheliLIIl 

of the accesscry glarrl reser"°ir (black arTCMs), a.rd cyst 

cells sl.lt'I"ourrling spermatozoa. Pcrtions of the other seminal 

vesicle an:l accesscry glan:i reservoir ar'e also visible tc,../al'US 

the lc:Mer e:ige of the f ieJd arrl parts of the basal piece, a 

penis sclerite, an:i the internal sac ar'e visible in longitu­

dinal section to the right. 

B. l.ongitu:iinal section of a vas deferens shc:Ming the spermatozoa, 

cyst cells, an::l the rourrled apical Sut' faces of the vas 

deferens epithelilllll pr-ojecting into the lumen of the crgan. 

The colout' re:i;:rcduction is not acctrate arrl the cytoplasm of 

the vas deferens epithelial cells, am. the ciranatin of the 
cyst nuclei should be deep blue. 
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arrl in:listinct intercelluJ.ari membr>anes. Their cytoplasm is as 

basophilic as that of the epithelium lining the vasa efferentia, but it 

differs from this in staining unevenly as darker 1:ranching ard 

anastomozing stra.n:ls whic.l-i riun through a lighter staining rrau:,ix. No 

distinct vacuoles are visible within these cells but the su:,an:ls becane 

longer a.--n sparaar' towards the apical surface of the cells. 

The vasa deferientia are slll:'roun:led by a sparse layer· of 

circular to oblique muscle fibres but no longituiirial filres arie visible. 

This circular muscle incr'eases in t11ick:ness arourrl the vesiculae 

semirales until it is composed of at least i:llt'ee layers. Scatter>ed 

longi tu:linal muscle fibres also appear in the connective tissue sheath 

which bin:ls the seminal vesicles to the accessory gla.rd reservoirs. 

In section, the lumens of the vasa deferentia arrl vesiculae 

seminales are packed with a tangla:1 mass of sper>matozoa which lie 

separ'ata:i from each other and suspenia:1 within a non staining material 

( Figuce 3 • Sb) . .Aroun:l the outside of the sperimatozoa is a scattered 

laye:- of large roun:iat cells which vary fr>om about 20 to 30µ in 

diameter-. These are completely separ-ated from each other an:l occtn:' 

par-ticularly fr>Equently in the seminal vesicles. Their roun:led nuclai 

are lar-ge, ap!X'oxinately 8 to 10µ in diamete'.' , an:i stain lightly, 

while their cytoplasm is eosinophilic. Presumu.bly these arie o]d cyst 

cells which have criginated from the testes because there are 

apparently no cells in the walls of the vasa deferentia ard vesiculae 

sem:i.nales from which they could have been derivat. Similar' cyst cells 

have also been repcrted in the vasa deferentia of the rutclinid 

P. japonica by Ardel:'.'son (1950a). Acccrding to him they fcrm envelopes 

about gpoups of developing sper:rratozoa, ani when the rratut'e sperrratozoa 

ar-e released. the cyst cells rioun:i off an:i dege:ner'ati ve changes are 

initiated in them. They also pass do.,m the rep:icrluctive tract of the 

rrale P. japonica with the sper-rratozoa cIYl finally disintegpate in the 

ferna.le tract. Since they ar>e rich in glycogen, .An:lerson ( 1950a) 

suggested that they supply nutrient when they break dam for the 

Spet'matozoa stored in the "seminal receptacle". 

Generally the vasa deferentia of Scarabaeoidea arie long tubes 

which increase in diaireter p:-ioximally befarie they join the ductus 

ejaculatariius. 'This expansion is often quite markat arrl fcr'ms a 

seminal vesicle as in C. zeaZandica. Similar structur>es also occw fari 
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example in i'.1. Me"loZ.Ontha acc<r'ding to Straus-DUl:'ckheim (1828); rrost of 

the Scar-abaeoidea examina:l by Baro.as (1900); am. in B. far>ctwn., 

PhyZlophaga sp, P. japonioa, ani C. nitida as rep::rte::i by Willimns 

(1945). In a:idition, Siraus-Durckheim (1828), &.-.1."<iuS (1900), a.rd 

RittEr'shaus (1927) repcrt that the vas deferens of tl-ie ScFabaBOid:'"le 

desct"ibe:i by them ar>e also complexly folded ani coilai with the ab::lorrens 

of the beetles . The l.:i.tter authot' refers to the coiled regions as 

"Der Nebenhcden" er Epididymus, but this is distinct from the "Ep:ididymus" 

as used by Williams (1945) which refer-is to a swelling of the distal 

region of the va.s defer'ens in the l ucanid P. oapx-eo7:u.s. 

Toe histology of the vasa defer>entia ard vesiculae serr.in:Ues 

of C. aealandica resembles that of the other' ScarubuBC>id:1t:~ which have 

D3en investigate:i. The vasa deferentia of r. mu:f;;ator, c. fto-riiaoZa., 

C. au:rata, L. oewus arrl D •. pa.raZZe7,ipipedus, acccrding to Bordas (1900), 

a:-e composed of a cuboidcl1 er collllilJl.Jr' epithelium which rests on u. very 

thin basement meml:rane a.rd is stlr'rourde::l by a thin layec of circul.:Jr 

muscle . The epithelial cells h<1ve mere or less smooth apical sw faces, 

large sphecical nuclei, mrl 3.11 even granular cytoplasm which diffet's 

from that of c. zeaZandica in being vacuolated apically. TI1e seminal 

vesicles of these species also have s:i.Lri.lat' histological str'ucu.Ir'es to 

their respective vasa efferentia, an:i therefore rep:>esent dilations of 

them, but the epithelium of the seminal vesicles of D. pa.raZl-eUpipedua 

differs from the others in being flattened.. RittEr'shaus (1927) also 

repcrts that the vas ef feriens, "Nebenhcden", ani vas deferens of 

P. horticoZa an:l A. aanea cannot be differ>entiate:i histologically 

because they show only minat" differences. TI1e "Nebenhcxien", howeveri, 

like the vasa effererrtia, lacks muscles or only h.J.S in:iividual sepiJI'ated 

filres, whereas the 11vas defer'ens" is Sur'r'Ourrled by an inct"easingly 

thick layer of circular muscle. Possibly the muscles surToun:ling the 

vas deiet'ens of c. zeal,and,iaa are sinilar to those in P. an:cia, but 

Berberet an:l Helms (1972) only describe them as a ''muscular'is". 

The accessory g7.ands and aaoessory gland reservoix-s 

The accessory glan:ls fcrm a pair of long thin i.niegular-ly 

coiled tubes which ar-e expan:ied .:r;roxinully into two shat't reservoirs 

befar'e they join the ejaculatcry duct (Figtrt? 3.2).. Both pairs of 

er gans at"'e never as densely coloure:l a.s ure the v.:isa defer-entic1 er 



39. 

vesiculae serninales: the accessory gLm:ls are usually transparent at:' 

sometirres a light ir ans lucent white because of their contents , whilst 

their reservoirs are a denser trilllslucent white due to t..1.eir contents 

an:l to their increased di.::i.rreters. 

The accessory glan:is lie :free within the haerrocoel except for 

their tracheal supply, ard they f<rm a tangla:l rruss oC'ourrl the othe.r 

cr gans in the postericr half of the al:xiaren. Wnen dissecte:l out they 

have a mean diameter of 0.17mm am. V&'Y in length from 52 to 73nm 

(Table 3. 2) • Their reservoirs are slightly curve:l ventrally i.r1to 

banana-like shapes: they run parallel to each other touching medially, 

an::l ventrally each is a.tta.ched. to a seminal vesicle as alre.."'rly 

describe:1 (Figur'e 3.5A). 

Both pairs of organs are locata:l roo::iiu.lly or towcr<ls the right 

han:l side of the beetles ah:iomen ani urrlerneath the rectum in the 5th 

to 6th visible segments. Here they lie at an angle with their ante.riOC' 

errls directed. anterio-venirally am. their junction with the ejaculatory 

duct p:>sterio-dorsally. 

The diameter .an::l length of the reservoirs depen:ls on the time 

since copulation: those of 5 beetles measwro :i.rrurediately after 

oopulation ha:l a mean di~teri of O. 68mm ( S .D. = 0. 05mn) urn a n:~an 

length of 1.96mm (S.D. = 0.11mm), whereas those of 5 beetles which 

ha:l been kept sepal'.'ately in the labcratcry fa;, two Ws:!liks o.ft~r cupulatinz 

we::ie smalleri, having a mean diameter of 0.37mm (S .D. = 0.21nm), arrl a 

mean length of 1. 60nm ( S .D. = O. 30rnn) • 

In cross-section the accesscry gld.n:ls at'e roun:l to oval:., 

they ar-e linErl with an epithelium of columnar' cells which vary in 

height fran about 10.5 to 90µ u.lthough they are genet'ally within the 

range of 65 to 80µ (Figwe 3.4-c). These cells rest on an outer basement 

mernlrane ard are ar>range:l app:'oximately ra:iially about the 11.Uren of the 

glan:l which var-ies in cross-section from rounied. er oval to flattene::l. 

Often it also has up to 3 er> 5 shcrt extensions which incompletely 

dime the epithelium into longitu:linal ridges. The apical walls of 

the cells are smooth, their intercellular membranes ar-e in:listinct, arrl 

then> cytoplasm is densely arrl evenly basophilic with only occasional 

small vacuoles. The nuclei are central, have diameter's of about 10µ, 

an:l arie packe:i densely with granulw chr>orratin. No muscles are visible 

stlr'r'ourding the accesscry glarrls. 



40. 

The histological structur:'e of the accessc:ry glard reserovoirs 

(Figut'e 3 .4D) is in total contrast to that of the accessc:ry glarrls. The 

epithelial cells vary fran flattena:i to colUIT!llilr' am from i.lbout 4. 5 to 

12µ in height depeniing largely on the amount of secretion the 

reser>voirs contain. Wnen relatively empty th.is epithelium also becomes 

fo]ded longitu:iinally in a similar fashion to the seminal vesicles. 

However>• t.l-ie fokls now occur> µ-a:iominantly in the dcrsal and lateroal 

walls of the crgan. The epithelial cells rest on a basement rnernlrane, 

their intercellular> membranes at:"e in:iistinct unless examine:i urrlero 

phase contrast, an:i their apical wc1J.ls ar>e also sometimes difficult to 

distinguish fi"'Om the secr:'etion. In aili.ition, the cytoplasm of these 

cells is eosinophilic, while their nuclei are usually oval with 

maxi.-rnum diameteros of 7 to 10µ, an:i al'.'e centrally situated. Closely 

enveloping the reservoirs arie from 1·· to 5 er rrore layers of circular er 

slightly oblique muscle, an:l outside this they at'e each enclose::i by a 

connective tissue sheath containing scattera:i longi tu::linal muscle fibres 

which birds the reservoirs to the semindl vesicles as µ--eviously 

descr:'ibe:i. 

Male Scarabaeoidea generally possess one pa:ir of accessc:ry 

glan:is although there <ll'.'e exceptions; fer example C. nitida an:i the 

genus Cetcmia have 3 pairs, ani P. disjunatus has 2 pairs accar'Ciing to 

Willia.'118 ( 1945), an:i Bordas (1900). The glarrls arie also usually thin 

coiled tubes, which are much longer, than the beetles bo:iy, an:i which 

also dilate into reser>voirs near the:ir junctions with the ejaculatc:ry 

ducts . These reservoirs, however', can s.ome.t.irres be hardly mticeable 

expansions as they are in P. hortiaoZa L. (Rittershaus, 1927) arrl 

P. anria (Le Conte) (Berberet arri Helms, 1972), or there can be me.re 

than one to each accesscry glarrl as in L. aewus L. (Bcrdas, 1900) arrl 

A. aenea Geer (Rittershaus, 1927). 

Toe star'age fuT"lction of the accessory glan::i reservoirs in 

c. aealand,iaa has been investigate::l :i;reviously by Fenem::lr'e (1971). He 

fourrl. that unrrate:l pr-imar'y emerged m.:tl.es, in almost all cases have 

fully disterrled reservoirs, and that the.ii, contents becarre mar'kedly 

depleted inma:liately following copulation. However, they slowly 

recover afterwards to a fully disterrled corrli tion in 20 to 30 days. 

It seems fairly certain that Fenemcre (1971) is in fact descr:'ib.ing 

the accesscry glarrl reservoir•s al though he refers to them as seminal 
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vesicles because he clearly labels the accesscry gla.rd rcse.rvoll' s as 

seminal vesicles in his figur,es. In the p:iesent stu:ly, these structU'es 

have been derronstrated histologically to be accesscry glan:l reser-'-Oirs 

althoug)l. seminal vesicles Jo exist as desCl'.'ibe:i above., but they are of 

smaller diarretei." an::i ar-e bourrl to the ventral sur'fo.ces of the 

accesscry gland reset'voirs. It is thet'efcre also possible that 

Fenemaie ( 1971) is referr-ing to both accesscry glan:l reservoirs ard. 

seminal vesicles as the "semine.l vesicles". Certainly both have been 

fourrl in the iresent stu:ly to show ccr'r'es:p:m:ling changes in size ID 

relation to copulation. 

The a.ccessa>y glarrls end reser:-voirs of C. zealan.diaa shav 

histological sirnilariities with those of other Scar>abaeoidea. They 

resemble, most closely, those of a...'1other melolonthiniJ. P. cr:nzia 
described by Ber'ber'et c..m.:l. HeJ.LlS (1972). In this insect the epithelium 

of the accesscry glards is composa:l of columnar' cells with large basal 

nuclei. The cells also rest on a basement m?...mlrane, ar:d only the 

reservoirs ar:>e swroun:le:l by a "muscular is". 

The most detdle::i stl.dy of sear>abaeo.id accessaiy glarrls was 

by Am.ex.0son (1950b) who investigate::l them in the rutt::!linid P. japonica. 

He repcrted that they ar>e dividErl histologic..:1.lly into 4 regions~ 

region I is apical and here the glan::i is almost a solid cylirr:ler> of 

colurrnar cells arTanga:i rahally ,Y'ourrl a small irregular lumen. They 

rest on a very thin basement rrernl:rane an::i their nuclei are boSal.. In 

region II the glan:ls inCl'.'ease in diarreter but the cells remain the sane 

size; the lumen only expan:lin3. fi..n:'ther do.-m, in region III, the cells 

increase in size an:.i pro:luce an apocrine seCl'.'etion by apicaJ.ly bu:iding 

off globules of secretion packE...'Cl cytoplasm. In the lc:Mer' reeion IV, 

the lumen increases in diarneteri, an:i the epithelial cells decrease in 

height to s:p..ta.rrous er cuboi::lal. They show practically no secretcry 

activity. Regions III an:i IV ar>e also surrourtle::i by an inner circular­

sheet of muscle an:l an outer> layer of separ-ate:i longitu:linal muscle 

filres. Acccrding to Ar:derson (1950b) the cells in regions I, II, ar:d 

III have perinucleat' basophilic regions from which run basophilic 

stranis to the apices of the cells. The upper> levels of the glarrl 

p:>o::luce .J. mucus-like µ-,otein-polysaccharide [J'Oun:i substance an::l many 

smaller droplets of lipid; full apcxrine cells in the middle region 

secrete mucus globules, and the lower levels appat'ently do not 



contribute to the sea:'etion but serve as expmrle:1. reservoirs fat' it. 

He finally conclwes that 2. "secretion praiuct consisti.r1g of these 

comp:n.m:is r.uy be cons:i.dere:l. as a:irn:i.rably alapte::1 to its several 

functions of lul:rication, sperm-suspension, cm:l spermatopha. .... e 

fcrmation". It appears that the accessar'y gla.rd reservoirs of 

C. zeaZandiaa are ther>efore very similar histologically to region IV 
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in P. ja:ponica, but the accessacy glarrls differ 1-11 that they cannot be 

sub:ii vidm. into three regions histologically. Hcwever, these regions 

in P. japoniaa sha,..1 only very slight differences ani it is theriefcre 

still quite poosible that the accessa:1y glarrls of C. zeaiandiaa ar>e 

sulxiivi:iro ftmctionally but this re::iuires a histochemical demonsiration. 

It is also of note that the accesscry glarrls of Rutelinae may not 

always be sul:xiivide:l because Rittersha.us (1927) rna.1<es no mention of this 

in P. hortiaola arrl A. aenea, although similar subdivisions rray occl..ll'.' 

which he cons:idere:l were not sufficiently marke::i to rrention. He 

repcrts tha.t their accessar>y 3larrls ar>e circular or:' nearly so in crioss 

section, their epithelial cells contain gr1anular irotoplasm an:l ax:1e 

columnar , ill"rl their lumens are constrictm into :irregular clefts. In 

ad:ii tion, there ar>e occasional :i;rotoplasmic irojections er "protoplas­

matishe Fartsatze" fr1 the lumens which at'ise from the cells an:::l he 

considers that they are iniicative of s1rong sec.:r>etory activity. The 

accesscry glarrls of these rutelinids ar>e sur:>roun::led by a few muscle 

fibres but these thicken ar'oun::i the reser:'voirs ani form a distinct 

inner circular layer arrl an outer layer' containing separata:l 

longi tu:::iiI1c.-i.l muscle fibres . He notes also that the reservo:irs ar'e 

lina:1 by flattena:l epithelial cells. 

Finally, the histology of the accesscry glan:::ls of two 

lucanid genera, Luaanus an::l Doraus, have been describe:l by Ba"Clas (1900) 

am they also shew some similarities to those of the above Scara.baeidle. 

He repcrts that they ar>e canposa:1 of a se<retcry epithelium containing 

elongate, cylin:lrical cells, an:::l that the priotoplasm of these cells is 

granular basally an:.1 compact arrl fibrillar1 apically. These cells ax:1e 

described as liberating their secr'etion by ruptwe, an::l globules of 

this prcduct are frequently seen to be attachm to the cells by a 

poo.icel. In their secretcry activity these cells therefcre show same 

resemblances to the cc.riresporrling cells in the rutelinids cons.ideried 

:i;reviously. 
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The ductus ejaauiatorius 

The ejaculatClr'y duct fcrms a long tube to the internal sac of 

the external genitalia (Figtre 3.2). It is divide::1. into an anterior 

first region arrl postE:Ticr seoorrl region: the first region varies from 

1.17 to 2 .5Qnm long, an:l is unifar'Jlll.y thin fer most of this length with 

a mean diameter of 0.19mm (Table 3.2), although it expards slightly at 

its anterior em where it is joine:i by the seminal vesicles an:1 

accessary glan:ls. The secon:l region is ccmpletely enclosw by a 

muscular sheath (Figwe 3 .6A) which will be describe::1. in m:re detail in 

the section dealing with the muscles of the male exterinal e;enitalia. 

'oo large tracheae (Figwe 3.6A;tr) pass beneath the musculut' sheath 

da,so-laterally at its anter-ia:' en:1 ani run back on either side of the 

ejaculatcry duct supplying the tissues within the sheath;their entries r.lclr'k 

the junction between first and s.econd regior1s. Postci:iorly, a third or so 

of the secon:1 reb'"ion arrl its muscular sheath also enter- the arrtericr err:l 

of a cylirder fcrme:i by the basal piece of the tegmen an:i its ventral 

i.rrt:r>insic muscles. The muscular sheath an::i secorrl region of the 

eja.culatcry duct is only slightly thicker' anter'iat"ly than the first 

region, but poster-iarly it inct>eases in diameter until it enters the 

basal piece an:l her>e it h:l.s a mean maximum diameter of 0.59rnn. The free 

p::rtion, which lies outside the basal piece, also has a length Vut'ying 

from 1. 8 to 2 • 7 mm ( Table 3 . 2 ) • 

Most of the ejaculatcry duct arrl its muscular> sheath is 

calowe::i an opaque white although it is less intense than that of the 

vesiculae serninales ani the Vu.Su. defe:'entia. The poster'ia"' ventral 

sut'face of the muscular' she.J.th, howeve:', usually has sane 1:rcwn arrl 

yellav-briown ar:-eas wher-e the respective colows of the outer- a.rrl inner 

walls of the inner sac show thr'ough. 

The ejaculatcry duct n:rmally lies chut'acteristically 

twiste:i am. coile::l within the ab::lomen when the external genitalia arie 

withirawn, but it untwists arrl sirai.ghtens out when the exterina.l 

genitalia ar>e exterrle::l. for copulation ard then the ejaculatcry duct shows 

its true relationship to the rest of the beetles body. Ther>efa,e, in 

<2"'der' to avoid confusion, the paire:i terms antet'ia:'-pOSte:'icr, arrl 

ventral-dorsal ar-e applim t::) this crgan in the follaving account as if 

it is straightena:i out dwing copulation. 
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Figure 3.6 

Histological microgt1aphs of r:.a.le 
C. zealandiaa rei:ro::iuctive CX'gans 

A. Section t:trough the anteric:r region of the ejacula.tcry duct 

arrl the poster-icr region wher-e it is st.rrourrle:::l by the 

muscular' sheath. 

Note the longitu::iinal ,nuscle fit:res ar'ourrl the postericr errl 

of the ejacul.atcry duct. Tracheae st.rrourrle::i by fat txxiy a.rd 

a pcrtion of a seminal vesicle ar'e also visible. 

(Ma.llcrys 1r iple connective tissue stain) . 

B. Section tlrough the internal sac sl"x::>wing its inner wall, outa­

wall with flap-like cu.ticular i:rojections (their eJ<Ocuticle is 

yellow), an:i muscular plexus of the internal sac. 
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When in the with::lrawn position, the anter1icr en:i of the 

ejaculatcry duct initially runs postet'icrly from its junction with the 

.J.Ccesscry glan:ls am. seminal vesicles, then it berds to the beetle's 

left tflt'ough a cur'Vc of 80° to 120'=!. Neur the eni of this CU('Ve it als<.) 

star-ts to ben:i ventrally arrl at about this point it joins the secon:i 

region. This ventral beni is continue::l until the cjaculatcry 1uct is 

d:ir;;::cte:1 poster'icrly once again, except tha.t n:JW it lies ventrer­

later'ally to the left in the beetle's al:rlanen. The ejaculatcry duct 

als,) becanes twistoo whilst it is being bent, so that its dcrsal 

SUt"face is rotate:!. thr'ough about 90° to the beetle's rieht befcre the 

Ct" gan errter:'s the b-3.Sal piece. The latttr is also rotated the same 

amount as descr>ibe:1 below in the section on the male exter>nal 

genitalia. 

The entire ejaculata>y duct is line:i with an epithelium of 

cuboidal to columnar' cells which rest on an outer:' basanent rreml:rane, 

have distinct inte:-cellular meJrJ:ranes, arrl secr>ete a thin intima 

(Figut'e 3.4E). This epithelium is thl:'CMn into longitu:linal folds by 

the strroun:ling muscle layers (Figur,e 3 .6A) s-::> that the cells ar:'e 

frequently corrqressed or stretche::l out of shape, but where they are not 

distcrte:i they vary from 5 to 12 .5µ in height. Also when the cells ar-e 

comi;resse:i the basement memlr>ane often beccmes secorrlarily folde:i 

longitu:iina.lly into small Wl:'inkles which ere up to a.bout 3µ in height 

ard 3 to 5µ apart, ard the inter-cellular rne.rnl:ranes often assume canplex 

patte:>ns. Within the epithelial cells, the nuclei at"e basal ani the 

cytoplasm appear-s to be secr>etcry being basophilic ani stuining in 

dar-ker stran:l s like that in the cells of the vesicula.e semi.nales u.n:i 

vasa deferentia. It also contains m.uner-ous dist.ll vacuoles which 

ar-e occasionally enlarge:! to cccupy irost of the space within the cell 

(Figur;,e 3.4E). 

Clusely strroun:iing the epithelial lining in the f:irst region 

of the ejaculatcry duct is a single layer> of scattet"e:l longittrlinal 

muscle fitres enclose:i within an outer thick layer- of circular muscle 

(Figure 3.6A). At the antet"iar' errl of the ejaculatariy duct where it 

expan:ls slightly, the layeris of circular" muscle thicken arrl exteni .:i. 

short distance over the pcsteric.r errls of the seminal vesicles arrl 

accesscry glani reser:'vo.irs to form a. sphincter whic.}i regulates the 

passage of fluids into the ejaculat<.ry duct. In the secon:l region of 
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the ejaculatcry duct, the layers of longitu:iinal arrl circular muscle at"e 

separate::i fran ea.ch other by a fluid filled space ( Figur-e 3. 6A) • The 

longitu:iinal muscle also stays closely applied to the epithelium whilst 

the Cll'cul.ar' muscle becanes thickenErl to f crm the muscular: sheath. 

Within this space the ejaculat<X'y duct is free to irove about, but the 

fluid is entll'ely separated fucm the bloa:i by the muscular sheath. 

The flu:i:i within the space is probably used to assist in everting the 

inne:> sac dl.lr'ing copulation as desa:'i.ba:i below in the section dealing 

with the mechanics of copulation. 

The ejaculati:.ry ,juct is shClI't in nost Scat'abaeidae but it is 

comparatively long in C. :wal,andiaa am. M. meioiontha L. CStr-..:-1.uss-IXirdj1,"}i.rn, 

1828). Also its mar'phological appeat'ance is relatively simple in 

Scar>abaeidae being a tubular at' gan of ei th.er> unif crm diameter' GI' 

increasing in diameter posterior' ly. Det:rile:i infOCTIL:J.tion is, however, 

only available f<r M. mel-owntha L. (Siraus-Dwc'l<l"Diln, 1828); 

L. aervus L. an:l D. paz,al, Ze Upipedu.B L. (Bordas, 1900) ; P. hortioo Z,a L. 

(Rittershaus, 1927); an:l P. an:da (Le Conte) (Ber,beret arrl Helms, 1972). 

Fran these descriptions, it appear:>s that the anatomical siructure of 

the ejaculatcry duct of C. zeaZa:ndiaa ccrresporrls closely with those af 

the melolonthinids M. me"lolontha and P. an.ia. In ti1ese Gp~cies it also 

consists of an antericr tubular' region arrl a posterior' region enclose:l 

within a muscular sheath but separated. fucm it by a fluid filled cavity. 

This sheath is termed "le constricteur du canal ejaculato:ire" by Siraus­

Durckheim (1828) arrl "the er>~ction fluid pump" by &:!rber>et ard Helms 

(1972). The anatomical similarity with C. zeal,andica is pariticular>ly 

close f cr' M. me 7,,c Lan tfha, exterrling even to the m:inner' in which the 

ejaculatory duct is foJde::i within the muscular sheath. In contrast, 

the ejaculatcry duct of the r.utelinid P. hortiaoia has no part whiei""l 

corresporrls with the first region in C. zeaZandiaa, an::l. insteai the 

entire crgan is enclose::l within a musculur sheath, terme::i a 

"Muskelmantel" by Ri ttershaus ( 19 2 7) • This is also separ:> ated fr an the 

ejaculatcry duct by a fluid filled space so that it resembles the 

secon:l region of C. zeal.andiaa. The canparative siructllr'e arr:l function 

of the muscular:> sheath in the above Scar'abaeids is discusse::i in the 

sections on the muscles of the rrale external genitalia and the 

mechanics of copulation. 
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Str>aus-Th.D::'ckheim (1828) gives no histological infcrmation on 

the ejaculat<ry duct of M. mew"lontha but some is given fer P. hortiaoia 

by Ritta--shaus (1927), arrl P. an:da by I3er'bet°'et arrl Helms (1972). These 

latte:' joint author's, howevet", rote only that the first region of the 

ejaculatcry duct of P. anwia is "compose::l of epithelium, a chitirous 

intima. an:1 an outer- muscular'is which consists primar:-ily of circularo 

muscles". Ritta:>shaus (1927), on the other- hard, gives a full 

description fet:" P. hortiaoZa~ she repc:rts that ther-e are three par:>ts to 

the ejaculatcry duct, but the third is the inner' wall of the inter'nal 

sac arrl is mt consi.dere:i hei:'e. The first par>t which lies outside the 

tegmen is line:i with an epithelium of culx>idal cells ani is foldo::l 

inside a layer of longitu:iinal muscle. The secorrl part lies inside the 

"copulatar>y appar>atus"; its epithelial lining is also folde:i arrl is 

apparently secretory. Ritte'.'shaus (1927) notes that this region is 

line:i with cuticle which is mostly thin but reaches a conside:>able 

thickness in places an:l is penetrate:l by fine canals; she does not 

mention a cuticul.ar lining in the first part of the duct. Outside the 

epithelium of the secorrl par>t thet'e is also an irma:- layer- of longi tu:iiral 

muscle an:l an oute;i layer of drcular muscle, ard it ther>efore differis 

in the latter respect £ban that of c. zeaZ,andiaa. 

The ejaculatory ducts of the Lucanid.s L. acrvus arrl 

D. pa:raUeZipipedus differ- a lot fran those of the Scar'abaeidae 

mentionei above. MCX"phologically that of L. cervus is thickena:i 

antericrly a.n:1 nai:Tows posta:'iat"ly, whilst that of D. paraUeUpipedus 

is thin both anteria:'ly an:i poster,iorly but it has a thickena:i middle 

region. In both insects the thickenings of the ducts are due to an 

increase in the thickness of the muscular• layeris only. Histologically, 

the ejaculatcry duct of L. aervuo is canposoo of the follcwing layeris, 

in crderi from the outside iward: a wry thin "peritoneale" membrane; 

a thick "rnanchon" of muscle corrq;rising exterinal circular' f ibries, 

severial middle oblique fibres, an::l 4 to 5 irmeri layer's of longitu:linal 

muscle; a veriy thin basement membrane; a columnar> epithelium with very 

large central nuclei arrl cytoplasm which is gr1anular> basally arrl 

fibrous apically; arrl an irrlistinct chitinous inti.nu. The ejaculatory 

duct of D. paraUeZipipedUB is very similar to this except that the 

m..iscular:- layers are thinne:> where the duct inter's the tegmen artl the 

thin irrt:i.ma is prcrluced into numerous bt:'istles. The nru.scle layers of 
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both 1 ucanids are ther~fcre ar'ranged in the smne m'd.er as those of the 

s car-aba.eids but differ from them in rot having the c:ircul.ar muscles 

in the poster-iar:' part of the duct dev~lopa:l into a muscular sheath 

separ-ate:i by a space frvm th1:: un:iEr lying longi tu::iinal muscles . 

The histological structur'e of the ejaculatat'y duct of 

C. zeaZandioa ther'efcre shows similarities with those of othEr 

r:fcar-abae.:ids, an:l differs frun 1 ucanids in the development of a posteriut:' 

muscular:' sheath. Alwngst the Scar-abueidae, however , the most notable 

differences are with P. hortiool-a which lack an intima in the anttriar 

region, an:l have a circulot' layer of muscle outside the longitu:hnal 

muscle an:l within the muscul.r:It- she,;1.t"'1. 

Considere:i ovet'all the ana.tany arri histology of the intet'nal 

reproductive er g<ll1.S of nale Scarabaeidae are similar' an:l only shew mira> 

Vat'iations. The a:-gans ar-e mCX'pholog:i.cally simple except fer the 

ejaculatcry duct an:i this shows slight differences in the details of 

its association with the muscular sheath in the species investigatoo. 

However, the ejaculatory duct of C. aeal-andiaa is almost identical 

anatomica.lly with that of M. me lo Z-ontha making the resemblance between 

the repro:i ucti ve orgcJ.I1S of these !11elolonthinids particular- ly close. 

As far as the histology is coocerne::l, the differences between the species 

are also only slight, the most inpcrtant being var- ia.tions in muscle 

layers, the developnent of a connective tissue sheath arouni each 

seminal vesicle an:l accessory glard reservoir in C. zeal-andiaa, 

am. the apparent lack of a cuticular- lining in the first part of the 

ejaculatxy duct of P. hortiaoia. 

The male extet"na.l genitalia 

Ther-e ar> e no elements of the genital complex of male 

Coleoptera that can be referred directly to the gonopcds an:l the 

genitalia ther-efcre consist of so called phallic s1ructuries only 

(Snoogr,ass, 1935; Lirdroth and Palme.n, 1970). 

In the male C. zeaZandiaa all. the cuticulari structut'es which 

originate embr'yologically posteriat' to the 8th ab:lominal segment lie 

hidden in the a:i u1 t within a genital chamber, except when in use dut'ing 

copulation. This genital chamber is invaginata1 between the 8th tet1gum 

ard steronurn which normally lie close to ec:r....h othet' boun::ling the 

posterior en::l. of the al::x:kmen. The genital chamber- can therefcre only be 



49. 

seen if these scleriites ar:'e µiise:i apart. it is tten visible 2.S ill1 oval 

depr>essi0n in the central thhxl of the transparent al:'ticular:- memlrane 

which stretches between the 8th ter>gum. arrl ste:inum. 

The tE.Y1minology of Liroroth CJd Palrnen (1970) has been 

followe:i in this account, but in crder to avow. confusion the terms used 

by Sncdgriass (1935) rave also been inclu:ie::l because these huve been in 

wide use. Al3•:)t the terms usai by otri.et:' authors whose W<rks have a 

bear'ing .::in this stuiy have been mto:1 wher1e these differ' from th0se of 

Lirdroth ard Palmen (1970), arri Snodgrass (1935). 

The genital chamber' t.ikes the shape of a shallow ov.:i.l pit 

with a transverse mourn centrally l0cate::l on its anter>ior swfo.ce. A 

fllr'ther sac-like invaginati-:m of the genital chamber' arises frcm the 

mid-<icrsal S1.lt"fu.Ce of the central nourd an:i the anus opens into the 

genital cha.rnber' mid-du-sally. 

The 9th sternite (Figllr'e 3. 7 A, B) suppar'tS the central moun:l 

in the genital chamber; it lies with its flat swface roughly parallel 

tc the frontal plane of the insect arrl it fat'ms a cl.Ir:'ving ba., which 

passes transversely thr•ough the central ruurd. Shcrt bristles arise 

fran the posterior region of the ventral Sllr'face of this sternite an:1 

pr>oj ect poste:> iar ly towards the opening of the genital chamber' 

(Figur'e 3. 7 A). 

The antericr L:i.ter>al e::lges of the genital chamber are 

suppcr>te:l by the postet'ior ems of the spicules (figur'e 3. 7 A,B). These 

en:ls ar>e dorso-ventrally crientated C-shape::l rcrls which lie on eith6:' 

side of the 9th sterni te an:l cwve ar>our.:i its lateral tips. The 

anterior parts of the spicules exteni inwar'd anteric.rly from the ventral 

pat:>ts of the C-shape:i ro::ls an:l they eventually cwve towaro.s each other 

arrl join anteriurly. Slightly thickena:i cuticle is stretche::l across 

between the anterior parts of the spicules from both the:ir dcrsal arrl 

ventral e:lges to fcr'm a thin flat pouch-like invagination of the 

genital chamber. The flat dcrsal an:l. ventral walls, ha-1ever, lie close 

to each other so that the opening is represented only by a fine slit 

which is situate:l ventr;,c:u. to the 9th ste:>nite. The whole structure 

t'1E!t' ef ere f crm.s a flat a.fX):ierre with thinner dorsal arrl. ventral sw faces. 

It has a mean maximum width of l.06mn arrl a mean length of 1.28mm 

(Table 3 .1). This canplete structure is termoo the "spiculun gastrale" 

by Sncrlgpass (1935) an:l the "laterial ventr'al plate" an:i "inna'.' ventral 
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fi.gur:'e 3. 7 

The external genitalia of the male C. zeaZa:ndica 

A. 8th ste:>rum a.ni scler-ites of the exter-nal genitalia 

separate::! from one an:>ther'. 

Ventral view of 8th ster-:rum 

Dcrsal view of 9th sternite arrl spicules 

Der sal ard lateral view of te~en 

Dcrso-lcrter-al view of penis scle:-ites with 

the inte:'ral sac ranove:i. 

B. v.hole mount of the external genitalia an1 

8th sta:-n.m1 after maceration with potassium 

hy:iroxide. Sane foJds of the inter-nal sac 

ani ejaculatcry duct anitte::l fer clar-ity, 

Ventral view. 
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plate" by Given (1952). It appears to occur in all male f3.car'ubu.eid 

beetles; its anttTiat' pcrtion can either be tongue-shaped as in all the 

New Zealarrl Mclolvnth:i.n.JB (Given, 1952), er :i;rcduce:i into a thin ra.i 

as fa' example in M. meioiontha L. (Straus-Dilrckheim, 1828) am. 
A. 77'k:J.jaUs (Rwzoum.Jwsk:i) (Butt, 1944). 

In C. :aeaiandiaa the posteriicr darisal Sur'face of the apo::leioo 

which incarpcrates the spicules is itself invaginate::l again to fCl"'ra a 

thin walled flattened sac which taperis to a point anter:iorly at its 

distal en:i. It lies par1allel to the apcdeme with the spicules an:l its 

dcrsal wall eventually exten:l.s poster:iorly to unite with the anterior 

edge of the 9th sterni te ( Figure 3. 7 A) . A similar' invagination can be 

seen in Figwe 5, plate 5 of Given' s mono@:'aph on the New Zea.lard 

Melolonthinae (Given, 1952) but he does not nam: it. 

The sac-like invagination of the genital chamber which opens 

dal'.'sal to the 9th sterni te exterrls inwar-d arrl terminates where it 

joins the tegmen antericr ly ( Figures 3. 9, 3 .10 A) • The tegnen fcrm.s the 

functional copulatcry crgan an:j consists of tlree sclerites; a basal 

piece ard two p:Tamet'eS ( Figur'e 3 . 7 A) . The basal piece is the 

largest scler-i te an:l is shaped like an invErtoo shoe horn. Sno:igi:>ass 

(1935) terms it t"l-ie 11 phallobase" ard. Given (1952) the "basal shield". 

The paramff'es, which are terimed by Given (1952) the "genitu.l claspers11 

ure two curve:.i prongs which are ap:i;roxima.tely mirrcr images of each 

other anJ articulate with the poste.r>ior lateral ccrne:t's of the basal 

piece. 
The tegmen encloses the penis, the errl of the ejaculata>y 

duct an:l the inner sac which are describe::l belav. Hav;,ever, the term 

aedeagus is applied to the ccmbined teemen, penis am inner sac, a.rd 

n::,r,mally, when at rest, it lies twisted. to its left an:l rotated. onto 

its right side (Figures 3.10 A, B). During copulation, hCMever, it 

becanes rotatei arrl untwistej until it occupies a. p::isi tion where it 

shows its u."'ue mcrphological relationship with the rest of the beetle's 

body. Also it is exterrled su that about a third of it irojects 

PJSteriorly out cf the alxlomen (Figur'eS 3.8 A, 3.10 C). In the 

following account, theref:::re, the terms dorsal arrl ventral, anter-ior 

arri posterior, and left .::uu right are a.pplied to the ae::ieagus as if 

it werie in use arr:1 directional changes due to twisting an:i rotation 

are igncr o::i • 





Fi.gut'e 3.8 

The mcrphology of the male external 
genitalia of C. zea'landica 

A. A scanning electron micrograph of the ventral 

sut'face of a ma.le with fully exterrla:l teg;nen 

ard intet-ral sac, The male was quick frozen 

with liq u:id nitrogen in copuZ.a, ard the f enale 

was dissecta:l away lat et>. 

B. A higha"> magnification scanning electron 

microgpaph of the area of the internal sac 

inlicate:i J:y the black s::iuat"'e in Figur>e 3. 8 A. 

This photogt>aph shows the postericrly directa:l 

cuticulat:' flaps which invest the ooter v-SJ.l of 

the int a:- nal sac. 
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Figure 3. ~ 

Intrinsic pha.llic muscles of C. zealandica 

Upper; Aerleagus viewerl fran the left, with left side of t~en 

renova:l. The right ventral flexcr of the par-am-=re ard 

the right dcrsal extenscr of the pat'arn£re have been 

anittai fcr clar>ity. 

l.Dwer: Sa.gittal section of the te~n viewerl £rem the left, 

with the eja.cul.a.tcry duct, penis, ard associatei 

structur>es ranove:i. The right retractcr of the penis 

has also been renova:l rut ncrmally it lies ma:1.ially to 

the right ventral flexcr of the pcl["amere. 
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figut'e 3.10 

Extrinsic phallic muscles an:1 
anal muscles of C. 2ealandica 

(All muscles ar-e label loo in italics, dirl the 
al:x:laminal muscles are also sha,.m by dotted 
irrlicatcr lines.) 

A. Retracte::.i external genitalia in situ with ter-gun 8 

rerrove::.i. View fran posteri~crsal with sternum 

VIII anitted fer clarity. 

B. Ventral view of retracted extet'nal genitalia in situ 

with stet:'num VIII rem:::>ved . 

C. Ventral view of exter-nal genitalia in the position 

occupied dwing copulation. Sternum VI has been 

rerrove::l artl the inter-n.al sac has also been omitted 

fer clar-ity (c.f. Figllr'e 3.BA). 
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Twisting a.'Li rotation of the with:iravm ae::leagus occlll'.'s .,. 
comnonly amongst the Coleopte;,a acca."'CliJ18 to Liniroth arrl Palrnen (1970) 

wh) ter>m this movement "tcrsion". In C. zea'landioo it appeu!'s to form 

a means whereby the ae::1eagus cnn be packe::1 compu.ctly into the errl of the 

ab::ianen withvut interfer-ing with other- inttrna.l ar'gans. 

The basal piece avE!'.'ages 2 .13mm in length iJJrl 1.05 in width 

(Table 3 .1). Ix:r-sal.ly it is joine:l to the wall of the H,;enital chamber 

invagination at a point approxinately twu th:irtls along from its .:mtet'ia> 

en:i, wher'eas ventrally the wall of the invagination is folde::1 posteriat"ly 

to join the late:-al e:iges of the basal piece am some of the ante:>ior 

s1.Ir'faces of the pa!'.'ameries thus fcrrnins a tube with the basal piE.-ce. 

The posta-iar th:ird vf the te@llen ther>efore is containw within the 

invagina.tL.m sif the geni ta.l chamber> an:l the anteri..:r twv thirds :[r'oject 

into the bc.dy cavity. 

The pa!'.'amer>es aver>a3e 1.0 mm in length (T.:ilile 3 .1). They 

ar-ticulate by con::l~es with the poster'icr later>a.l tips of the basal 

piece from which the ~e.:iter parit of them :i;roject ventrally. Ixrsal to 

the corrlyles they [?-Ve 0ff extensions which follow the cross-sectional 

shape of the basal piece :url abut against each other' dcrsally in the 

mid-line. These extensions fcrm levErs tc which attach the muscles 

responsible fer exten:ling the pat'ama:'es posteriorly as descriibe::l in the 

section on the mechanics of copulation. 

All gaps between the par1ama:-es an:l the basal piece are 

:tridge:1 by thin ar>ticul<F membr>ane similar' t:J that which fcrJ:lS the walls 

of the geni ta.l chamber> . In a:idi tion, the geni tcl chambl!r' rnemlrane 

folds arouni at the p..:;st(.:(lior en::l 0f the te§llen wherie it is attache::l to 

the dar'sal extensions of the p<Far.ia'.'OS an:l bec0mes invaginate:i within 

the te2)11en fer a shar't distance befxe wri.ting with the penis an:l. its 

internal sac. This invc1~inatiun correspon:is to the "first connectinz 

memlrcll'1e" of Lirdroth an::l Palme'n (1970) an::l the "errlop,.'1allic chamber-" 

of Menees (1963). 
The penis in C. zeaZandiaa is repr:-esenta:l by two long thin 

sclerites (Fig--ur'e 3 .7 A) which lie alongside each other : .. m the d1--rsul 

s1.Ir'face of the rnusculal..., she.:1.th sur-roun:ling the ejaculatcry duct. These 

sclerites exten:i :)nly as far a.s the anter1icr errl of the bc:lSu.l piece 

arrl then continue anteri(.ll'.' ly ua two thin str'aps of flexible cuticle to 

the anter-ior errl of tl-le muscular' sheath. Posteriillr'ly, the penis is 
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broa:lly joined by thin cuticle to the internal sac which n.irnally lies 

fol::l e::l within the musculav sheath. 

The internal sac f crm.s the fuoctional introrni ttant er p;an of 

the nale an:l dl.lr'ing copulation it fills the bUr'Su copulatrix of the 

fenale. It is IIDst easily describe::i when it is exten:le::l_; it then fcrms 

a globularo double walled ar'gan with the opening directe::i poster'iot'ly an:l 

slightly ventrally so that it roughly resembles a wine goblet 

(Figires 3. 7 B, 3. 8 A). The entire outa:' swface of the inter1nal sac 

is covet'e::l by small triangular- scale-like flaps of slightly stiffene:J 

cuticle which are usually directe::i with t~eir shar'p tips pointing 

postE:riorly. The cuticular wall of the inta:-nal sac is f0Jde::i in at the 

e:iges of the opening tu £-.rm the irrter'nal wall whid:1 has no scalsc:-1.ike 

ornamentatic.m. The inner wall fullows the shape of the outer' wall arrl 

tet"minates anteriorly where it meets the p::ista:'icr eni of the ejaculatar'y 

duct at what ccrresporrls to the anatomical gonopcre. vi.lhen withdrawn 

the internal sac collapses an:l is fo11e:::1 m::;stly within the postericr 

ventral part of the muscular- sheath. Sanetimes it also pr:'Ojects a snail 

distance poster>iar'ly past the penis am. even out of the tegmen. The 

folds are complex an:l variable but thet"e are always a number' of 

µ'ominerrt anter>icr-poster-iar> pleats arrl the anatomically poster>iar:' an:l 

verrtral regions of the organ terrl to lie antet"ior to the rernainier. 

The penis is ter>me::l the "ae::leagus" by Sn::x:lgt>ass (1935) an.1 the 

intet"nal sac the "erdophallic chamber'" a:' "vesica". As aJready mte:i, 

however, the term ameagus is used by Lirdroth am. Palmen (1970) to 

inclu::le both the teE:]Ilen am. penis. 

In Scarabaeidae the penis is always raiuce::l (Britton, 1973) 

but the tegrnen, which is well develope::i, varies considerably in shape 

arrl this has been shown to be of taxonomic imfOI"tance (e.g. Given, 1952). 

The externa.l r.:enital:i,:~ of C. zeatandica, however, arie relatively simple 
0 

canpat'e:::1 with some of the val'.'iations which occllr' in other' Scarabaeidae 

as descr>ibed, for example by Sharp ani Muir (1912). 

The musculattre of the exter-nal genitalia of the ma.le 

In this section only the strucD..ll'.'e of the musculatwe is 

des<Tibe:::1 because functional consideriations ar-e ireatErl in the final 

section of this chapter • 
The musculatur'e of the anus an:l rectum was examine:::1 as well 



as that of the exta-nal genetalla, _since they were closely associate:i 

together an:l this enable:l a canpat'ati ve app:'oach. 
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The genital muscles of the ma.le may oonveniently be div:ide:l 

into extrinsic muscles which lie outs:ide the tefJD!ID, arrl intrinsic 

llU.lS<;les which lie ent:irely within it. The extrinsic muscles cl'e 

attache1 to the basal piece of the tegren, the strface of the genital 

ch~, the spicules• arrl the 8th sternite, whilst t--ie intrinsic 

muscles c:l['e attache1 to the basal piece, the par:-arra-es, the surface of 

the genital chamber • the penis, ard the internal sac. 

The first desct'iption of the genital musculattre of a 

scat'abae.hl was by Straus-Dirckheim who publishe:1 the anatany of 

Melolontha me1,oZontha L. in 1828, Since then the canplete genital 

musculatur'e has been described fer only two otrur nale Secrabaeidae, 

the melolonthinid Arrphi.imUon majaUa(Razoum:::wskil (Menees, 1963) an:l 

the ueotrupid Geowupes stel'oorosus Scriba (Hieke, 1966), although 

Rittet'shaus (1927) described the intrinsic musculat\re of Phyl:topsnha 

horticoZa L. ard Anorrr:itia aenea Geer togetheri with the extrinsic muscles 

which ai.,e attachai to the teguen. 

Straus-Dur:-ckheim namad the muscles accatling to the scler-i tes 

they insa:-t upon, but the nomenclature of these has since changai. 

Later \a"'ker:-s use:l the terminology of Sno:igrass (1935). In the 

IX'esent wcrk the term:i.oology of L:irrlroth ard Palmen (1970) has been 

usoo. 1 although this has necissitate:i a fwthet' change in the naming of 

the muscles. At the same t:une oonenclatlre aocoo:ling to supposed 

function has been aiopta:l as far as possible. 

Intrinsic rnusotes of the phaZtus 

Dcrsal extenscrs of the pa;:ama:-es (Figut"e 3.9). 

These two fan shapa:l muscles criginate on the ne:iial dcrso­

latet"al. tips of the par-ameres an:i run inside the basal piece to inset't 

on its inner poster-icr-dcrsal ani latet'lal swfaces. 

Ventral flexcrs of the P:=!£amer>es (Figur-es 3.9, 3,10 A, C). 

These cl:"e two lar-ge muscles which ~e attached to the inner:­

anter-io-later-al swface of the basal piece ard join the mem1:ranous 

wall of the genital invagination at its nost anteriicr latet"'al 

connection with the basal piece. 'Ihese muscles are visible as the JWSt 

ventral ones in the basal piece running on either side of the 
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ejaculatcry duct sheath. 

Protract er s of the penis ( Figure 3 . 9) . 

This pair of t'rin flat muscles originates ante:iio-latet:'ally 

on the penis scleri tes arrl is inserted on the lateral edges of the 

basal piece a.bout midway along it. 

Reiractcr s of the penis ( Figurie 3 . 9 ) . 

From their origins ventro-laterally on the first connecting 

membrane where it joins the muscular' sheath of the ejaculatcry duct 

these paired muscles insert anteriat'ly in the basal piece medially to 

the ventral fle'XO'.'s of the paraner>es. They run. as flat slightly 

tapering sheets dcrsally to the ventral flexet's of the pat'am2l'es. They 

can usually be seen running at'Ourri both sides of the ejaculatcry duct 

without having to dissect the basal piece, but ar>e par>tially obscured 

by the ventral flexcrs of the ·paramares. 

Muscular> sheath of the ejaculatcry duct (Figures 3.2; 3.9; 3.10 A, B, C). 

This canplex sheath of ci.rculat' a:' diagonal muscles f crrns a 

tube arourd the posterior par>t of the ejaculatcry duct. HQT...,ever, it 

is only attached to it antericrly arrl joins the penis dcrsally, ani the 

internal sac posteriorly. Two :priominent muscles incluia:l het>e with 

the muscular sheath ar>e a thickening of circular' fi.l:res at the le\lel of 

the anterior en::ls of the penis scleri tes, arr1 a pair of muscles which 

ar'iginate from the anterior tips of the penis sclerites arrl run. 

:posterior' ly arrl obliquely over the outer surface of the muscular sheath, 

inserting near its antericr en:l • The first of these muscles forms a 

sphincter, the last COJIIIX'esses the ejaculatcry duct. 

Retractor' of the internal sac (not figwe:.i) 

Tnis comµ'ises a large diffuse series of muscle fil:res which 

originates on the dat:'sa.l sur-face of the internal wall of the internal 

sac arrl inserts dar'sally within the muscular sheath on the nntericr 

internal walls of the penis sclerites, an:l also on the postericr par-t 

of the ejaculatOt'y duct where it fo]ds back upon itself. 

Muscular lining of the internal sac (Figwes 3.3 B; 3.6 B). 

This is a thin dense plexus of muscle filres which covers 

the internal s~fuces of the inner ard outer walls of the internal sac. 

These fi.lJr,o2s fcrm a reticulum .::i.lthough near' the junction with the 

ejaculatcry duct they ten::l to be circularly arrange:.i µ'Oxi.nal.ly to the 



cuticle, am. longi tu::iinally <r ientate:J distally. 

Ext"f'insia muscles of the phaUus 

Protractors of the te@Ilen ( Figuries 3 .10 A, B, C) • 

These two muscles Or:'ig:i.na.te on the antericr e:lge of the basal 

piece slightly tcwal'.'ds its right hard side an:l run close together 

aPourd. the right side of the ejaculatcry duct to insert on the ante.r-io­

lateral sides of the triangular' apa:ieme ar-ising d<rsally to the 

spicules. 

Retractcrs of the tep;nen (Figures 3.10 A, B, C). 

From their ar>igins on the walls of the mvagination of the 

genital chamber posterio-1.a.terally to its junction with t'"le tegpien, 

these two muscles run to jom the spicules anteriOr:'ly along their dcrso­

lateral edges . 

Obl.ique rotatcrs of the tegrren (Figupes 3.10 A, B, C). 

Tid.s pa.ir of muscles a,igmates d<rso-laterally on the walls 

of the invagina"tion of the genital chamber am. close to its junction 

with the tegmen, ard mserits dcrso-laterally on the anterior erds of 

the spicules anteriorly to the retractOr:'s of the tegrren. 

Iorsal ab:iuctcrs of the spicules (Figut'es 3.10 A, B, C). 

These canµ:>ise a large bilaterally synmetrical pair of 

muscles which criginates on the postericr dar:1so-lateral Edges of the 

spicules ard radiates posterio-d<rsally to posterio-laterally, 

inserting on the 8t>i tergun.. 

Oblique lateral al:x:iuctors of the spicules ( Figwes 3 .10 B, C) 

Each of these bilaterally syrrmetrical pa.:ir of muscles 

originates laterally on a poster>io-ventral side of a spicule arrl joins 

the 8th sternum near its attachment with the genital chamber 

memlr ane • 

Dcrsal e::otractcrs of the spicules (Figwe 3 .10 A) 

These COIII.Jrise a very fine shO!'t pair of muscles each of 

which criginates dorsally an:l posterio-laterally on the dorsal arms of 

the spicules and inser-ts on the 8th tergum whet'e it joins the 

genital chamber-. 



Ventral ;e::otractc:rs of the genital chamber (Figwes 3 .10 B .C). 

OC'iginating on the genital chamba:i between the poster-icr 

ventral tips of the spicules this srrall bilaterally symmetrical pair 

GO. 

of muscles runs to insert on t."le 8th stE:!r'num necr its a.ttachrrent with 

the genital chamba-- rnernlrnne, rro:iially to the insertions of the 

p:'Otractcrs of the spicules. 

Anal. musaZ.es of the rociZ.e 

la.tEr>al fle:xacs of the rectum (Figure 3 .10 A). 

These paire::1 muscles OC'iginate on the postericr later-al tips 

of tl1.e spicules arrl run anteriOC'ly to inser-t laterially on the rectum. 

D<rsal flexar's of the rectu'Il. (Figur,e 3 .10 A). 

Each of this pair of muscles originates on the nnter:1icr tips 

of the two sclerotised remnarrts of the 10th tel' gum, ani passes 

antericr ly to insert on the poster-icr dcrso-lateral SUl'.'face of the 

rectum. 

Elevatcrs of the genital chamber (Figure 3.10 A). 

These canp:iise lar:-ge pa:ire::i muscles which criginate on the 

antericr tips of the two remnants of the 10th tergum postericrly to the 

dcrsal flexc:rs of the rectlll11, arrl inser-t on the 8th ta:>gum. 

fursal µ-,otractat'S of the genital chamber (Figire 3.10 A). 

These small paira:i muscles criginate anteriiorly on the 

remnants of the 10th ter>gurn but poster-icrly to the elevatcrs of the 

genital chamber>, ard insert on the 8th terigurn where it joins the 

genital chamber. 

B::>otractcr s of the anus ( Figuce 3 .10 A) • 

Each of these two muscles is very fine an:i they criginate 

close together on the genital chamber dOC'sal to the anus • They then 

pass obliquely to insert on the 8th ta:1gun rna:lially to the point wherie 

the :p:>oiractc:rs of th1;; genital chamber inserit on it. 

'!he muscles of the exta:>nal genitalia am. anus of the nale 

c. zeaZandica an:l. other Scarabaeoidea ar>e cornpar>e::i in Table 3 .3. 

Honologous muscles, er those which ar'e attacha:i to the same sclerites 

er ariea of cuticular> m.eml:lr'ane in these s ccJr>abaeoids are sha;,m opposi tc 

each otha:> in Table 3 .3, wha;,eas muscles which ere :i;robably horrologous 



Table 3.3 

The muscles of the external genitalia of varicus i:.iale Scarabaeoidea. 

S,iecies Co•t•lrtra ual.artd~12 (-.tUte} 
{!.n.ily;subf.n.Uy} ('."°rA:"a.~e11-1e; ~.elo~onthir~1e) 

11'1ldi:m.tha "WIWl.cnO·.a L, 
(Scarc:l.bd.t!h!ae; t~~lolonthir~) 

~1n:1"1alto11 ,,ujnli• Raro.r.o..-sld 
CSca.rah.i<'!id~; MelolonthiMc:) 

hrtl-a-

u 

I 

5t:r'c1us-[).r.:,.1\Cir.l (lEC'e) 

r.crsal extcn.scrs o! U-.c p,trr"a.-;~l%"e6 L' Ultensci: de la piri:e 

VcntrU nexcrs o! the pcrr-amcres L,e ncchi,seir de la pirce 14-ntral flcxi:r o[ the pl-.a..llob.lsr: 

Pr-ot;racts::ri. of tt-.e penis L'Dctractccr de la Y,?I"'gf! f'rott-actcrs of the al!de.a.u:; an:1 
e.rd0r,hd.llic ch.nl:cr· 

ktra=tcr o( tne pe . .is L':.ntro1.cte1.r 1e lA vtrgc PJrtractcr or tr.e .sede4t,"'US ard 
e.rdo;.-1'\.ulic: c:har..l..er 

P.ctrac::c:r o!' the in':err.n.l s.ac 

HJ.:.cul..-r lin.:'..~ of tr.e i.nttt"n.tl 
BC 

K.sc..Ll.?' s~.~-<".th of the 
e):1-CUl.dtcry c!uct: 

Protra=tc:ra o(· the te~ 

~a, o! the ta.;r.,n 

La Huscl'! ej-1culateur-

((U!I C:Jr.stric-:;ei..r du CAN.l 
e,)l-"1Lat ;;;; i:--~)) 

0:>nstrictcr ot aa1H,r,.:,t 
UU etnsopha.ll ic c~r..:xr 

L'Cxtr.ctetr de l'•tuidr La verge . flt-..otrclc."tcr of the ap;::rlene ot tho 
phal tow.se am g~ t.tl charnb«' 

((Le Pro:tra.c.1•1.r' ~o I.a 11a.irw: da 
lA wr&e» 

Ohliqu~ rotJtar of tho v.n.ital 

"",,,,... 
Oblil,UI!! rot•tors Q( ti-. te~ Le F'retract1nr do la ga.ini: ..!• RctrActcrs cf t~ ~n.iu.l ci'\&Uber 

la \l'S"Ke 

Otu.i.iue Laterti.l alrluctcrs of the ((L'tle:vatl?'.X' di!: l• p.ieco ana.l• O:,lL.p.Jt\ l.at-cr-AJ. at:duct cn1 ot the 
a;,icuhs infe,:•ieire)) :r;>iCI.J!un r,,1..:.tra1e 

D:r !1.J.1 ~uct crs o C the 
s~ic:u.les 

~ictcrs of the itni.t.&l. 
~ 

Da-s.al ~tractcrs of the. apic­
ules 

Lateral ne:io:rs or the roctLl'II 

Da.·Ml rl<!.'11'.X'3 of tho rectu:i 

Clev.Hc:rS o( the ~enit'-1 
ch=W' 

F'nltr4CtorS ot th.a &•nit.al 
~ 

ProtrclC"tor.l c! tlw ~ 

((L'Ab.!ir.~ct.:r de 1A pie::e .u-..tle Obl ii,ue rrotractor of -,.,-:niu.l 
inferie,,.r~ H c.n.."t'l\l::ier 
((Lo ~tt·actetr nfl.tn· ieu:· e d~ !A 
piece at'J.l• infc~ i~..rl!) 

C(l.A 'r't-answrse du cloa.t•.H:)) Con~tri.ctor-s of tJ)I] eel'UU.l 
ch.,mbc,, 

l.9 ~tracteu- pct.t•'1l·ie1.r <!e 1A Da--~l ,,b::hv:t~ .:if the 
a.'lolle i.n!erir.u'l!I ttpicul.t.r.\ ba:;tra.le 

l.9 Ratrac"tel.r de la g.Une d• 
La verge 

Le nechi-,se-..r lat«ra.l du 
rect\n 

L'Cle•tdtCur du clo.qUli! OU de 
l'~e s~...,_,,-,~e1re 

I.A Retrc1Cte1.1r du cl(ld,;iU8 

((Le Dil.aut~\r de l'~)) 

Oo:~sscr of rcctu"2 

Ck.ri:.al flcxcrs of ti~ re,:t'...m 

((l:loi\ldtcr ot recnn)) 

l'h~il°t'•rt~ h<"rticot.a L. df&! 

AJ1C11nal.a u~a Cceer 
(Sca:-abaeidu; 8.utelin.le) 

Ri.tta-SNus (l927)' 

Die sweite Husk.el dtt vcntN.l 
pL&tte 
((De:- /\ttra>ct.or der Vcntr&l 
pla.ttc)) 

Dia f'r'otr.ak:tcre.n des •p(!.l\is" 

Die Retraktcren des Kedi.!l,""1 Lobe 

Die Retra.\cta-en du In,-.er:-~ 
Socbs 

~ !Constrik't.cr des Rute.r~ 
(er "Ri.ri.gt1rJc~lsc:hicht") 

Prot:-~tcrffl. der Rut~l 

ft-otr.akt~n der Rutenk.t.psel 

6L 

Caotrw;,•• •t•~--.:•u. i-Y•~ .. 
(G«rt:r.ipi.dae; ~,;:,:.Nel 

Kid.a (1%5; 

H. P"4-1 l.o?:ias:),1?(11~ 
M,llotus!..:~'I :; ... -:c:-:.-:r 

H, p,,'w.llobdsoo:l;xx1e::o -;,r"":. : ':L..i:. 
.ti.JJ.ls 
"· ""1 ~on>-;,-.illc<-~ 
inhria-

((H. ~lo-..:11.ct.ali.s)) 

"• erdopwllic1.» 

"· '1w.].lob.uo.l~~?"..tllc.t.;,c, · 
tu;,cc-icr 

H. p'ldllob.J.so,s.,X:Ca=->j:i"..illera.jXl!• 
U\ferfor 

"• ti'w,llcba.soa;:c:d~P-,..\.l.lM;xt!• 
bu.u.u 

"· ph,,.llobdso-;>"'llicus 

"· ph,,.l lob&.-.Qd\><X!.r..ili5 

H. ~lob.lsiCU5 extCTIUS 

'10 ph,a.ilct-.asiCll.5 i.ntt!n11& 

M. -:c:·&o.:ipa!,c,ro­
~lot;,.c.o,1;:,o.!~ c-.a..1Wis 

"· t11r&Oi8.~~?,..._Ll..1~ 
,apa:e:::i..u.iJs lAtc-a..:..i.s 

No V'ltl!COIStc,--..lr,':~O::,S~ 
\rcroti.a _Lster&l.i.s 

N. 1.t0tu-ao-st~ M:tc-icr 

11. antecosU-an"t~ al.u 
~terni 

H. p.'ldllo-r-e~-41-:.S 

"•l.k'OnO't~t.to::6td.l.i.s 

H.1.t-at.ergo-c-ect.a.lis 

Rltter&haun (1911) describo!d only the intrinsic ~c ~-=~ Md thoSe i.hich,:~~;;;7~V-:~i.n Bl...&tik. sp,ac-es 
~ppoolte tho other- .n....:sclea thcr'efcre do oot neces5,rily IU.ll"'-lfY th,U ~• are 
P. horti.o"ta a.rd A, aenaa:. 
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with ones in C. zeal-andica are in:licate:l by double lrackets. The 

latter- arie either those whose positions ar-e mt per-fectly clear from 

their desCY'iptions but which appear to ccrrespon::1 to the ones they ere 

tabulate:i with, .:.r else they have insertions close to the muscles they 

possibly carresporrl to, an:i they a:-e theriefcr'e possibly der>ived :Eran 

them. 

The names of the muscles as given by the er iginal aut:hcrs 

have been retainoo in Table 3.3. Apart from Hieke (1966), who names 

them ace.rd ing to their attachments, all the other authcr s use a 

similar- terminology to th3.t followed in the iresent stuiy. Dif feriences 

in t'le names given to homologous muscles by these authcr's Cilll be 

attributcrl to the terminology of the phallic siructwes which they used, 

to differences in the propcrtions of the phallic strucD..ll'.'es, arrl to the 

fact that the exact points of attachment of homologous muscles can wry 

in different insects. They can therefcre occupy differ>ent positions 

relative to other siructwes a.rd consG:}_uently have differ>ent functions. 

Ritter1shaus (1927) is the only author who has listed any 

homologous muscles in the Scar-abaeidae. She notes tlhlt the following 

muscles in the two r.utelinids desCY'ibed as "Die Proiraktar'en des Penis", 

"Die Retraktoren des t1edi.:m lobe", "Der> Konsiriliat1 des Rutenkanals", 

ard. "Die Retr•akt<ren des Innes S.:i.ckes" coriresporri to the muscles 

describerl by Siraus-Dwckheim (1828) in M. mel,ol,ontha as in:licated in 

Table 3 . 3 . Tiris is ther>efcr'e in a_g('.eernent with the conclusions 

reachro in the iresent surly. Rittershaus (1927), however-, does not 

attempt to horrDlogise "Der> pcJ.aI'ige Atiraktor der- Ventr>al platte" arrl 

"Der zweite Muskel der Ventral plc:1.tte" with any muscles in M. Mefol-ontha 

because this insect does not p.:)Ssess ventr>al plates in its tegrren. A 

possible h8mology p:iop.Jsed. here, is that both muscles in the 

rutelinids correspord with the ventral flexa:'s of the paru:mer>es in 

c. 2eaZandica an:1 their hornologues in ttE other tnelolonthinids. This can 

be expla.inro if it is allowro that the single gr-oup of muscle fi.lres 

which comprises each ventr>al. flexor of the pariu.mere has become split 

into anter>ior an:i p:.:)Ster'ior gr,oups by the rroverrent apart of their p'Jints 

of attacrurent tu the basal piece. This seen1S reasonable because the 

points of attachments of the muscles can thern,sel ves be movro relative 

to their homologues in other beetles . The converse to this, whei'e two 

muscle pairs fuse into a single pair may of cowse have occurTed 



Erratum 
63. 

The first sentence should read: 

Nevertheless, the two pairs of muscles in the rutelinids, which 
are possibly hc:mologa,1s with the ventral flexors of the pa1..,a;;,sre3 
in c. zea"lan.d1.:aa, are associated with the possession of ventrul 
plates in the rutelinids, and this may represent sane functional 
refinement f01.-. the moving of their genitalia • 

.As can be expecte:i , Table 3. 3 shows that the number of 

:ed cJ.S 

muscles shar:ie:l by any two of the beetles deperrls on how closely relata:l 

they ar'e. Considering firstly the intrinsic muscles; those of the 5 

SCar'abaei.dae are the same except fer the ventral muscles of the tegmen 

dealt with aJ:x:)Ve an:l the muscles of the intern:.--u. sac which in 

A. majalis are differ-Emt from the other Melalonthinae u.n::l Rutelinae. 

This latter difference can be CCll'.'.r'elate:i with the different mechanism 

employoo. in A. majalis f<r> everting the internal sac am this is 

consi.da:>ed below urrler the section dealing with the mechanics of 

copulation. The musculature of the inta:>nal sac of G<P steraorosus is 

also difficult to hom:Jlogise with that of the Scar-abaeidae, but other­

wise this ~eotrupid possesses the same intrinsic muscles arrl 6 er 7 

a:idi tional pairs. It theriefcre shows a @='eater degr:,ee of difference 

with the Scar'abaei.dae than the 5 reiresentatives of this family do 

between themselves. 'Iwo of the intrinsic muscles of G. steraorosus 

the ''M. phallobasoapcdemo-phallobasicus ma:lialis" an:i ''M. :i;:hallobaso­

a!X)derro-phallobasicus inferiicr~ arie possibly both hom::>logous with the 

ventral flexcr>s of the parameres in C. zealandiaa, being per:'haps 

related tlrough a similar intermediate fcrm as shown by the Rutelinae 

with their two horrologues. 

Rittershaus (1927) descr>ibes only a single pair of extrinsic 

muscles in the rutelinids, the "!Totraktcren der Rutenkapsel". These 

ar'e, however, the only extrinsic muscles attache::l to the tegrnen an:l 

they tha:>efcre represent ooth the "µ-,otract<rs of the tegmen" ani 

''retractcrs of the tegmen" in c. zeala:ndiaa, am. their hornologues. This 

tha:>efcre a:lds supp:rt to the previous view that muscles can either 

split er that two can combine. The muscles of the other Scar-abaeoidea 

ar'e easily homalogise::l with one exception: G. steraoroaus possesses an 

extra pair of muscles, the ''M. phallo-rectalis". The extrinsic muslces 

are attache:i to the spicules which ar:ie consider•e::l to be der1ive:i from 

par>t of the 9th sternum by Menees (1963) in A. majaUa, or deriive:l from 

the 9th segment arrl not necessarily from its sternum alone by Hieke 

(1966) a.n:i Lirrlroth arrl Pal.men (1970), an::1 it is µ,obably this shar:ioo. 
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deperding on which of these repr>esents the m.rc p:-imi.tive state. 

Never:'theless, the split ventral flexar's of the pc:lt:'aIIa'es re:i;resented. cJ.S 

two pairs of muscles in the rutelin:i.ds rray perihaps be the result of a 

ftmctional refinement associated with possession of ventral plates. 

As can be expecte:i , Table 3. 3 shows that the number of 

muscles sharierl by any two of the beetles deperds on how closely relate::l 

they ar-e. Cons:i.der:'ing firstly the intrinsic muscles; those of the 5 

SCar:'abaeidae are the same except fa:' the ventral nruscles of the tegmen 

dealt with above a.rd the muscles of the internal sac which in 

A. majalis are differ>ent friom the other Melalonthinae illl:i Rutelinae. 

This latter difference can be carTelate:i with the different mechanism 

eqiloya:i in A. ma.Ja'lis fa'.' everting the internal sac an:i this is 

conside:'ed below urder- the section dealing with the mechanics of 

copulation. The musculature of the internal sac of G. stePcorosus is 

also difficult to horrologise with that of the Scar-abaeidae, but other>­

wise this 3eotrupid p::,ssesses the same intrinsic muscles arrl 6 er 7 

a:lditional pairs. It theriefcre shows a ~eater degr-ee of difference 

with the Scaroabaeidae than the 5 re:r;resentatives of this family do 

between themselves. Two of the intrinsic muscles of G. steroorosus 

the "M. phallobasoapo:ierno-phallobasicus ma:iialis" arrl ''M. :phallobaso­

a.pod.erro-phallobasicus inferi<X'~ arie JX)SSibly both homlogous with the 

ventral fleXO'."s of the pal:"ameres in C. zea'landiaa, being perhaps 

related tlrough a similar intermediate fcrm as shown by the Rutelin3.e 

with their two hoIIOloEll6S• 
Rittershaus (1927) desct"'ibes only a single pair of extrinsic 

muscles in the rutelinids, the "ITotraktc.ren deri Rutenkapsel". These 

ar>e, however, the only extrinsic muscles attac:he:i to the te~n an::l 

they thErefa'e repr-esent both the "µ>otractcrs of the tegrnen" ani 

''retractcrs of the tegmen" in c. zea'landica, am their homologues. This 

ther'efcre crlds suppcrt to the pr>evious view that muscles can either>_ 

split cri that tw'o can combine. The muscles of the other> Scar-abaeoidea 

ar-e easily homalogised with one exception: G. steroorosus possesses an 

extra pair of muscles, the ''M. phallo-rectalis". The extrinsic muslces 

are attache::l to the spicules which are consider:•e::i to be det'.'ive::l from 

parit of the 9th stE!r'num by Menees (1963) in A. ma,Ja'lis, or derive::l from 

the 9th segment arrl not necessarily from its sternum alone by Hieke 

(1966) am Lirrlroth an:i Palmen (1970), an:l it is µ,obably this s:har-e:l 
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crigin which i3 r~fL2cta.l in the similarity of th~ extrinsic rrusclcs cf 
Sci31'." abaeoid e:i.. 

The anal muscles of the Jil.elolonthini.ds ccrresporrl with each 

Other' reasonably closely, the tllr'ee insects sharing 5 Cir' possibly 6 

pairs of muscles, an:!. lvt. meZoZontha an:i c. zeal,andioa sharine a fwther 

two pairs • These latter muscles arie very small am. lie close to the 

internal swface of tl-ie genital chamber so that Menees (1963) rray have 

considered tl-iern to be part of the muscular- layers which surrourrl the 

rectum. The r:utelinid G. steraorosus, however, again shows the 

gr-ea test dif ferience between any of the Sc.::irclbaeoidea sharing only two 

pairs of muscles in its anal region with those of the Scarabaeidae ard 

havine; a fwther one which is difficult to homologise at all because of 

the well develope:i 9th tet"gum Jf G. steraorosus. 

The priesent investigation concerning the musculaD.Ir'e of the 

external genitalia of C. zea"landica a:ids not11ing tc:Marxis what is alrea:iy 

krDwn a.bout the relationship between the phallic siructures of male 

Scarabaeidae arrl the embryonic segmentation of tl-ieir a:t:danens. The 

most jetaile::l publication relating to this is that of Menees (1963) 

who sttrlie:i the mcrphology, musculatur'e, emlryology, an:i p:;sternlryonic 

developnent of the phallic crgans, ge:nita.J. chamber, an:i spicules of 

A. m::i.jaZis. He concllrled that the phallic crgans arrl spicules are 

entirely develope:l from the 9th sternum. Hieke (1966), am. Lirrlroth 

am. Palmen (1970) also regar'd the spicules as being der'ivEd from the 

9th segment but not necess.::irily from the 9th sternum alone. HcweveP, 

L:i..n:lroth an:l Palmen (1970) note that, apar't fran the spicules, no 

fwther elements belonging to alxiominal segments seem to be inCCX'pat'ated 

in the aooeagus of Coleoptera. Hieke (1966) fran his stu:ly of the 

musculatu1:•e of the ae::leagus of G. steraorosus found that it was 

impossible to tell from this alone what the relationship was between 

the copulat<ry appar-atus an:i the 9th an::l 10th al:::dominal se§Ilel1tS, arrl 

the sane conclusion al.s0 applies to the iresent sttrly of C. zeaZandioa, 

Whether er not the c.vigin of the phallic str'uctures in C, zeaZandica 

differs fran those of A. majaZis could only be dete.rmine:l when a 

compar'able investigation to that of Menees (1963) is c.co:Tie:l out, but 

it seems reasonable, in the meantime, to follow Menees' (1963) 

interiretations of them because both insects are Melolonthinae. The 

extrinsic muscles which run between the spicules arrl the 8th segment 
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can tller-efcre be considcr>ed as der-ivatives of t'lc 8th unJ 9th intd'­

segmental muscles while the other- extrinsic muscles, together with the 

in1rinsic muscles, can bE= consider>e::i as derived from the 9th sternal 

muscles. 

The internal repro:iuctive ar>gans of the female 

The inter-nal rei;rcductive urgans of the female C. zeaZandiaa 

h3.ve not been previously descr'ibe::l although they are figure::l by 

fenem::ir'e (1971). They have, however, been dE.:3Ct"ibe:l fer a rn..unber of 

other Scarabaeoidea: Williams ( 19 45) repar>te::l their rna:'phology in 

Pinotus carolinus (L.), Bo'lbocerosoma farctum (Fa.1::n:'.), Euca:nthus 

Zazax-us (Fal:r.), PhyZZaphaga sp., PapiZZia japonica Newman , Ligyrus 

gibbosus (De G.), Dyna,stes tityus (L.), Cotinus nitida L. , and 

Popi Zius diajunat;us (Illig.). Other' detailed deset'iptions inclu:ie those 

of MeZoZontha meZoZontha L. by Straus-Dur>ckheim (1828); Aphodius 

fimetariu.s L. by Stein (1847); PhyUopertha hortiaoZa L. ani AnomaZa 

aenea Geer by Ritte::>shaus (1927); Scarabaeus sacer L. a.rrl Saarabaeus 

semipunotataB Fa.Jr. by Heymons (1930); HaZioaapT'is :.giga.s Falr. by 

Dattar> Gupta ard l<iJmat" (1963 ); AmphimaUon majaUs(Raza,,7mows]ci) by 

Menees (1963); a.rd PhyU,ophaga an:cia (Le Conte) by Ber>ba:>et ard HeJms 

(1972). &me histology is also avail..lble fer S. saoer an:l 

s. semipunotatus (Heymons, 1930), H. gigas (Dattar- Gupta an:l ~, 

1963), anl A. rrri,jaZis CT1enees, 1963), while RittErshaus (1927) gives 

goo:l histologic.;;L.1 descr'iptions fe£' P. hortiao'la an:i A. aenea. 

The inta=-nal reµ:-aiuctive crgans of the fanale c. zea'landiaa 

consist of paira:i ovar>ies am. late:>al oviducts, a meiian ov:iduct, 

vagina, }:ur>sa copulatr>ix, spe:-matheca, spet"rnathecal glard, ani two pa:irs 

of accessOl:'y glanis (Figul::>e 3 .11). 

The ovaries 

The ovat'ies each consist of G telotx>ophic ovar:'ioles which 

at-e translucent white in colow fer most of the:ir length. Ibweva;i, 

within each ovar-iole a sec-ies of oocytes can be seen which in:rea.se in 

diameta> posteriia:.,ly a.rd becane prog('essively white:' ard mere op~ue as 

they ma.tur>e. 
Each ovar-iole canµ:,ises a ta:-rninal filament, ga=imat:'ium., 

vitell.a'ium, ard pa:iicel. Each ta:-minal filament fuses with those of 

the other> 5 ovcr ioles to f crm a cc:mnon ta:minal filament fer the 
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UppEr 

f,¥l1"e 3,11 

The inte:>nal r>e:EX'aiuctive crgans 
of the £aria.le C. zealandiaa 

Verrt:r'al view of the ent.ire crgans with te:>mina.J. 

filaments of the ovar>ies separ-ate:l £ran each othEr. 

Detail of spa:'matheca ard spe:>mathecal gla.n:l. 



Ovariole 

Lateral oviduct 

Median oviduct 

,------ Lateral accessory gland 

Vagina 

I-
1 mm 

Stylus 

Position of hemisternite 

Spermathecal gland 

Spermatheca 

Spermathecal muscles 

Duct of spermathecal gland / 

1 mm 
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ovary• This runs dcr-sally ard me::lially within the cl:da:.1e11 am. it 

eventually joins with the erd. of the othet> te:>m:i.na.l f ilooi.errt: from the 

opposite ovary in a sna.11 dilation. The te:>minal filaments th~efcre 

fc:rm a thin transve:'se bmrl of tissue tlrough tl1e a.b::lanen which runs 

over the rectum u.rrl is apparently att..i.che:l only to the ova>ies ani 

tr'acheae. Posterict'ly, the te:>rnira.l filament of each ovcll'."'iole inCC'eases 

gr>a:iua.lly in width ani joins the ge:>:rnat'ium at a slight swelling. This 

junction is, however- , best dist ine;uishe:l histologically. The 

vitellar>ium follows the ge:>mai'iui:a ard fCt'IIls the l.:Ir'g;est pat't of the 

ovariiole. As alre.:rly note::i oocytes can be seen within it which incr'eu.se 

in size as they move down it, but its anta:-iori eni canrot be easily 

distineuishe:i fran the ge.rinJ.ar>ium except fer a slight conso. ... iction ani 

usually 2 to 4 small oocytes can be seen which are followed by one CX' 

two ve:oy much lacga;, :pt"oxi.rJal. ones. The pe:licel connects the ovaciole 

to the calyx of a lateral. oviduct am. it eitha:1 fcrras a shar't 

const:r>icte:i tube behini the last oocyte er else it becanes distenie:i 

with matur>e ova if the later-al oviducts cJI'e al.so fille:i. Finally, the 

6 ovar'ioles of each ovary <Jre cften erclosei within a thin conmon 

connective tissue sheath 1 but this sanet:imes ruptur>es so that the 

ovar-ioles lie free within the abianen except fa:' their connections with 

the terminal filaments an:l pe:iicels. 

The ovaries vary consider-ably in size deperd.ing on the degr-ee 

of d evelopnent of the oocytes. \!hen these are all :iJiun.:i.tut'e the ov.::iries 

occupy ventral positions within the 5th to 7th abia..ri.:rcl semnents, an:l. 

each ovari iole togetha:> with its ta:imin:u f ilanent c.::m be as sna.11 as 

2. 7mm long am. 0.3mm in 1"-iaximum w:idth (Table 3.4). A single ovcJry can, 

however, contcii.n 12 or' more mature ova, an:l then it occupies most of the 

verrt:r'al ard later'aJ.. space within the al:domen between see;nents 2 a.rd. 7, 

with each ovar1iole an:1. its ter>mi.nal filament reaching up to 4. 7rrm in 

length ard l .3rm1 in width (Table 3. 4). 

A full histological investigation of the ovaries was not 

attanpte:l in this investie;ation but the following ubsa:-vations WE!C'e ma:le: 

the tt:rminal filament of ec1ch ovaciole consists of ..i centr.:ll ccre 

surTourrle::l by a connective tissue sheath. The ccre is rounie:i in cr:'oss­

sa::!tion arrl has a dianeter- of 6 to 7µ fer most of its length except 

whe;>e it expa.n:is to 12 to 15µ neari the gerna'ium. It consists of a 

stra.rd of eosinophilic cytoplasm with a distinct cute:> cell menlrane» 

a.rd a central row of rouni closely packa:i nuclei 3 to 5µ in dianeter'. 



TABLE 3.4 

D:imension of the female internal rei;:rcrluctive crgans of Coatel-ytra zealandia 
taken from ten specimens. 

All rneastlr'ements in mm. 

HEAN S.D. Pt.r,1r~1--: .......... --
maxJJrD..Uil minimun 

Ovar-iole arrl ter:-minal filement length 3.387 o. 609 4.67 - 2.67 
max. width 0.603 0.295 1.33 - 0.33 

latet"al oviduct length 0.780 0.209 1.13 - 0.47 
max. width 0.413 0.093 0.60 - 0.27 

Median oviduct length 1.847 0.388 2.47 - 1.33 
max. width 0.370 0.029 0.40 - 0.33 

Bl.It'sa copula tr ix length 2.353 0.495 3 .2() - 1.60 
max. width 0.910 0.144 0.60 - 0.37 

Duct of spermatheca length o. 717 0.069 0.83 - 0.60 
max. width 0.165 0.021 0.20 - 0.13 

Spermatheca length 0.637 0.090 o. 77 - o.so 
max. width 0.427 0.056 0.53 - 0.37 

ruct of sper-rnathecal glarrl length 0.590 0.089 0.43 - 0.70 
max. width 0.123 0.027 0.17 - 0.10 

Spermathecal glarrl length 0.910 0.146 1.23 - 0.70 
max. width 0.485 0.069 0.40 - 0.57 

Median accesscry glarrl max.d iamete:t' 0.600 0.085 0.77 - a.so 

lati!'!"al accesscry glan::l max.diameter' 0.287 0.059 0.40 - 0.20 

O'l 
co . 
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However, no basment menlrane er intErcellul.ar:' \•:.alls ar-e visible. 

The connective tissue sheath which encloses the ta:>mi.ral 

filament is contiruous with the out~ sheath of the ovat:>iole, an:i both 

have the sa.'1le structur'e. It consists of a thin laya:> of connective 

tissue with occasioral nuclei a.rd. tracheae. closely applie:i to it, ard 

an out a:- reticulum of widely space:i muscle f ilres which at>e pre:iorninantly 

a:'ientate::l circula>ly. This sheath also fcrms a transver-se septw 

between the ta-minal filainent a."11 the ~er>riiac•ilJm, canpletely separatine 

them. In mdition:; the 6 ta::imin:il filaments of an ovwy ar'e also 

enclose:i within the canrnon oonnective tissue sheath of the ovary which 

has the sarne structi.re as the cuter sheath arourrl each ovariole. It 

constr>icts past the erds of the geri!Ilal:'ia so that it gather's the 

ta-imina.l filaments of the ova;r,ioles to3etha:> into a canpact l:un:lle 

fcrming the ccrnmon te-rninal filament of the ovary. 

The ger>mariium is a dense mass of cells approximately 800 to 

950µ loru by 100 to 150µ in diameter> which taper>s ard :i:>ounis ',Jff 

ante:'ior>ly, a.rd constricts slightly befr:re joining the vitellar>ium 

posteriiorily. Histoloeically it is div.hle::l into distir:ct anter>icr ani 

poster>icr regions both of which are enclose::! within an outer> t:asenent 

merurane apµ'o:x.im.ately O .sµ in thickness a.n:l an outer- connective tissue 

sheath wourd the ovariole. 

The arrt:er'iar' resion is 700 to 850µ lone an:i constitutes the 

larigest pa't of the ~ecr.aar' ium. Histolozically, it has a fa.:ir ly unifcrm 

str\JCtt.Jr'e, being occupie:1 la!'.'3ely by trophic cells, with occasioml 

inte-stitial cells between then. The trophic cells ar1e mostly packe::l 

closely to5ethe:i so that their walls appear octagonal in section, but 

poste:iior'ly arrl toWJro.s the centre of the anter>ior region they becane 

mere loosely packe:i an:i sanewhat rourde:1 even though they do rot becon.e 

entirely separat~ fra:1. each other. The nuclei of these trophic cells 

are rourd er slightly e,;val, have diameter's of 6 to Bµ, ard 1-iave 

i;raninent nucleoli. They also occupy most of the cells except f 1%' 

thin outE:r' regiQns of slightly rosophilic cytopla.sn. At the extra-.i.e 

apical tip of the ger>r:erium, 4 to 6 cells ar1e also fcun:l which are 

similar' to trophic cells except trat their nuclei stain mu::h deeper • 

Possibly these are trophic cells in early µ'oph:'lse but aput't from this, 

ro mitotic activity was seen in the trophic cells in any of the ovar>ioles 

exaninerl dl.l('ing this stuly. The inta:-stiti.:u cells of the anta:>iar' 
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region have oval er' distcrta:l nuclei with diamete:>s of 2 to 3p., ard they 

stain deepe:- than the trophic nuclei. The cytoplasm of these cells 

also stains less deeply l::asophilic than that of the trophic cells. 

The inter'stitial cells OCcut' most fre:i.uerrtly next to the l::asanent 

memlrane, arrl it is possible that her-e tha;ie is a very thin epithelium 

tut the cell bowrlari ies ca.rinJt be followe:l . 

The post a:i icr region of the ger-rnar> ium is only 50 to 10O;-i 

in length (figtll:'e 3.12), arrl the histological change between it ard the 

anter-icr region is quite alrupt. Lar>ge nunbe:>s of p:>efollicular cells 

appear> anongst the inte:-stitial cells ac>CJt.uri the pe:>iphet'y of the 

poste:'icr region. These p:>efollicular' cells resemble inte:-stitial cells 

except that the:ir nuclei ar>e lar-ge;, ard have diamete:>s of 5 to 9µ. In 

a:kl.ition, the priefollicular' cells move inwaro.s poste:>i<r'ly towarus the 

centre of the ge:'mar>iurn until they almost completely pack its posta>icr 

erd. They also becane pr-ogr>essively flattene:l in the transva-se plane 

of the crgan. TI1e cenb:'al pcr'tion ante::>icr to this consists largely of 

loosely packed cytoplasn, a confusion of cell manlra.."les, ard a 

relatively lar>ge number' of inte:'stitial nuclei canpera:l with the ar.tmicr 

region. Amongst this ar>e scatta-e::l cells resembling trophic cells 

except that their nuclei &>e less densely stainiP.g, together> with yowig 

oocytes 'Which have ver>y :irregulw shapes, dense basophilic cytoplasn, 

a.rd lal:1ga:· nuclei. These nuclei eventually enlat'ge into ga:>minill 

vesicles contain.ins glol:ules of eosinophilic rnata-ial as the oocytes 

w:'ow, ani the oocyte cytoplasn becanes densely packe:i with basophilic 

gr-anules. When the oocytes :i:;,each 14 to 19,.i in diametet' they also 

acquire a nutritive ccrd which connects then with the trophic tissue. 

This appear-s as an anterior- extension of the oocyte which is 4 to 7µ in 

width near' the oocyte tut it tapet's, becanes less densely staining, a.n::l 

haroet' to follow w-rt:il it disappear-s afta:> 10 to 15µ. As the oocytes 

contirue to g:-ow, they pass down into the vitellar-ium wha:1e they becor.o.e 

51...ll'.'rourda:l by a sinsle laya:1 of follicul.ar' cells, but they retain their 

rutritive ccrd connection with the vitell.rium fo;, sane time. 

The vitel.lar'ium is towrle:l by an outer;, basement manJ:r>ane 

continuous with that of the get>raai;,ium, an:1 it is also enclose::l within 

the out€(' connective tissue sheath of the ovar-iole. A very thin 

epithelial laye:> of extrenely flattened cells pc>obably rests on the 

inna:- swface of the basenent meml:rane but it is rot visible at the 
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magnification available. It is, howevEt", irdiccrte:i by occasioml small 

rue lei which lie aea.inst the basenent menl:rane. The f ollicu.J.ar> 

epithelium lies within this ard f crms a single laye:' of cells aro\.l.rd 

the oocytes am. sol:id intecfolliculai:> plu3s between eac.11 of then. 

As the oocytes pass into the vitellar-ium they rouni off ard 

gpow in size. They also lose their nutritive cords when they attain a 

dianeta-- sa.n.ewhe:-e between 100 arrl. 200µ. The rutritive cords resenble 

th;ise of yow-ig oocytes in the g~ium except that they arie much 

lo~e:- ard usually only 3 to 4p. thick. They are also ext:renely 

difficult to fellow after- 10 to 20].i because their cytoplasn stains 

i:rogressively less intensely until it resenbles trat of the follicular> 

cells. The farthest a nutritive cord was followed i.r.'"l the priesent stu:iy 

was about 80µ, an:l this criginate:i fuan an oocyte 35 to sop. in 

diamete:- which \'BS just passing into the vitellar>ium. Orce the 

nutritive ccrd is lost the cytoplasm of the oocyte retains its unifcz,mly 

basophilic ard densely gpa.ru.l.ar' appearan::e until it reaches ap:i;rox:ima.tely 

250µ in dianeta--. An eosinophilic layer' then appear-s next to the 

f olliculat1 epithelium ard eosinophilic ~lol:ules, app;>ox:i.mately 1 to 

10µ in diameter', subsEquently fcrm th'oughout the cytopla.sn. The 

gernu.nal vesicle also mi~.:ttes to-wanis the pa:,ipha:,y of the oocyte 

halfway alol")8 ard eventually the eosinoph.ilic glol::ules pack the 

cytoplasn by the t:ime the chx'ion is being secreted 

The follicular' epithelium varies in appear-arce with the size 

of the oocytes it en::loses. k'oun:1 oocytes 50 to 80µ in diarnetec> it 

is canpose:i of col~ cells 10 to 14µ in height with oval ruclei 

appr>oximately 7µ long by 5µ in diameter- which at'e perperdicular' to the 

ovun. Sane follicle cells also div:ide ar>ourd small oocytes but cell 

division ceases as the oocytes ppow~ The follicle cells also flatten 

out while their nuclei enlar-ge until by the stage when the chot:'ion is 

being sect'ete:i the follicle cells ai::'e flattene:i to al:out 5µ in height 

ani they at'e al.most completely fille:i by their nuclei which arie 

app:-ox:imately 4µ high arrl. 12 to 15µ in diameta:,. In the inter-follicular> 

plugs the follicle cells arie fre:iuerrtly elongate:! er distc:rte:i J::ut in 

all other respects they are :identical to those arourd ova. The cells 

in the cent:r>e of a plug may also have less densely staining cytoplasn 

arourd ruclei than elsewhere. 
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The follicular' epithelium also fcrms an ovaviole plug behird 

the µ'oxirna.l follicle. The structur'e of this vat>ies, however>~ deperding 

on whether OI"' rot any ovulation has ocCIZ'r'e:i. In ovar>ioles :frcm which 

eggs lave mt been libe:'ate:i the folliculac epithelium far'HlS a single 

laye:' of cells arourd the last ovun. The epithelial lining of the 

pe:iicel also follows this inwaro ard joins the ba.senent menl:r'ane of the 

vitellariium leaving a snall area arout 30µ in dia.'Ileta: wha:-e the 

follicle cells ~e appar-ently open tu the lumen of the pe:iicel. In 

ovar>ioles which have ovulate:i anl which have near>ly matur'e ova in their 

la.st follicles, the folliculat' epithelium fcrms a solid plug of tissue 

apfroxima.tely 2 5µ lo~ by 30µ in diameta: . T'nis has the same appearance 

as an inter>follicular:' plug except that it joins the info]da:l paiicel 

epithelium postEricrly. Most of the follicle cells the:>efOC'e degenevate 

ard 1::ecane rescrbe:i after> ovulation, but the ccrpus luteum was mt 

investie;ata:i dl.lr'ing the IZ1esent stt.d.y. 

The pe:licel fcvms a tub.llar extension of the calyx of a 

lateral oviduct a.rd its histological str'uctwe is :identical to tl1at of the 

later>al ovi:lucts described bela·.1. 
The only investigations by other authors which have any 

bear>ing on the ovaries C •. zeal,andiaa ar>e those relating to egg 

p:ioouction: Fenema:'e (1971) fourd that out of a total of 153 virgin 

insects kept in the lalxrata,y none laid eggs although small number>s of 

fully developed eggs wa:1e fourrl in the rei:raluctive systems of 22 of 

them. The developnent of fully fcrrna:i eggs µ:,ocee:::le:::l m::re rapidly after 

mating but the highest mean number> fourrl in tlree gpoups of beetles 

collecte::i from diffa1ent localities was 6 .9, arrl the maximum number' 

within any one female was 25. In a:idition, the maximum mean numbe:> of 

eggs laid by mate:::l beetles after- 30 days was 10.0, arrl the highest 

number' laid by a single in:li vid ual was 2 4. H&ever- , Kain in a 

per>sonal comnunication (Raicliffe ard Payne, 1969) repcrta:l that 

c. zealandiaa couJd lay between 4 ard 32 eggs dwing the first ovi­

p:>sition, arrl 2 to 16 duriing the secord. Fenem:re (1971) also fourrl 

that females containe::l an avecage of between 9.1 an:i 25.6 fully fcrma:i 

eggs without outa~ envelopes in the ovar-ies with a maximum nl.llTiber' in 

any one female of 42. This suggests that the ovar>ioles gener>ally 

contain 1 CJ'.' 2 lat' ge ova al though on occasion they can contain 4 er 

m:::re. 
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The ovar-ies of c. zeauxndiaa show no unusual feanres when 

canpar'e::i with other Scar;,abaeoidea. Accaxling to Rober>tson (1961) the 

ovat'ies of irost Scarabaeoidea inch.ding the Melolonthinae are conq;x:>se:i 

of . G ovar>ioles, the exceptions being the Bolbocertini (Geotrupidae) 

with only 1 er 2 ovar-ioles, the Passalidae with 2, the Trogidae arrl 

Hoplini with 5, the Rutelinae with 5 er 6, A. fimetariua (Aphcxiiinae) 

with 7, arrl the Lucanidae with 12. In ad:lition Heym:ms (1929, 1930) 

I'X)tes that the Scaraba.eini are exceptional in having only a single ovary 

oonsisting of one ovariole. 

In Scaraba.e:idae, the ovat"ies show min:r variations in the 

points of attachment of the ter>minal filarrents an:l the p:>esence er 

absence of an outer connective tissue sheath of the ovary. The ta:iminal 

filaments in P. anzia as desct'ibErl by Berba:iet arrl Helms (1972) 

appear' to resemble those describerl above in c. zeaZandica. They loop 

dorsally over;, the rn.idgut, to join together> an:l no mention of any otha:­

attachment is ma:le. This contrasts with the ter'minal filaroonts of 

A. ma;jaZia which ar;,e attached medially to the venter of the 2n:l 

ab:kmina.l ter-gurn (Menees, 1963). No mention is also rna:le by othel'.' 

authcrs of an outer connective tissue sheath enclosing each owry as is 

frequently pr:-esent in c. zeaZan.diaa, although each ovary of P. an:cia 

develops within an outer:' connective tissue sheath in the larvae but the 

sheath is later lost before the adult e.rner'ges (Berber-et arrl Helms, 

1972). 

Histologically the ovar-ioles of c. zeaZandiaa ar;,e similar' to 

those of other> Coleoptera-Polyphaga as repa'ta:l by Schlattoan and 

Bonhag (1956) except that the mrse cells do not consist of elongaterl 

cysts of polynuclea:te::i masses. The nutritive ccrds of Scar>abaeoidea, 

however, ar'e either difficult to observe er else do not occtr. Those in 

c. sea'Landica appeat' to be similar- to those in Pasoal-WJ cornutus Fabr. as 
rei--orted by Krawe( 1946) ~ -In this passal.id ti11ey are only found w5:th smaller 

developing oocytes, an:l they cannot be followa:l very far- into the 

ger>IM?:'ium. Similar' nutritive caro.s .:lt"e also repcrte:l to occtr in 
P. hortiooZa an:i A. aenea by Ritter>shaus (1927). In oontrast Dattar­

Gupta arrl Kumar' (19-63) make no mention of nutritive ccrds in H. gigaJJ, 

an:l Ba;,beret ani Helms (1972) state that ther-e are oone in P. an:x:ia 

although the trophic cells still remain in the germar>ium. 





Figu;::e 3.12 

l.Dngitulinal section thr'ough an ovar'iole 

wher'e the posterior region of the ger>rnar'ium 

joins the anterior' errl of the vitellar'ium. 

erratwn: 11Gaint nucleus 11 should read 

"Trophic nucleus" 
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The lateral ov1.:duats 

The later-al oviducts in C. zealandica fcrm two short flattened 

ducts which are ir'ill1Slucent white an:l run fran the ovaries me::iially ani 

obliquely p::>ster>iorly to the ma:iian ov:iduct. Each forms a ·wide calyx 

wher>e the ovarioles join, whereas it usually narTows before reaching the 

me:iian oviduct (Figwe 3.11). The entire organ can, however-, be ver>y 

disterrled by rnatl.Ir'e ova which are store:i in it pria:' to onposition so 

that it is very Var'iable in size. Its length ranges from 0.5 to l.Jmm 

and its width fran O. 3 to O .61w.1 (Table 3.4). 

The lateral oviducts are histologically identical to the 

pe:iicels of the ovariioles, an:i all have a unifcrm structl.Ir'e. They are 

lined by an epithelium of cuboidal to flattenerl cells which vary between 

3 an:i 8µ in height ( Figt.n:'e 3 .13 A). These cells rest ori an outer' 

ba.seirent meml:rane, have in:iistinct intercellulari mernlranes, an:i srrooth 

apical walls • 

Their cytoplasra is gr'anulari an:i lightly basophilic, arrl t"'1eir 

nuclei are oval with maximum diameters of up to about 10µ. The 

epithelit.nn is also folded in a p;iaiarninantly longitu:iinal direction 

with the walls of each fold being closely cornpressa:l so that the 

basement memlrane comes into contact with itself in the cen"tre of the 

fold. Within the lumen of the lateral oviducts an:l ovariole pe::licels, 

there is a larige quantity of seCt:'etion which appears in sections as a 

strongly eosinophilic hcmogenous a, can.pact finely granulat' mass which 

encloses occasional larige non-staining spaces (Figur,e 3 .14 A). This 

secretion probably ar'iginates from the epithelial cells of the lateral 

oviducts arrl pe::licels although they shew no obvious signs of secreta:'y 

activity such as vacuoles or br'ush battlers. 

The epithelium of the lateral oviducts is surrounjoo by two 

layer>s of muscle fil:res. The outer circular' layer is continuous with 

the outer sheath of the ovary, arrl when this occasionally ruptur>es it 

becomes retracte:l. along the lateral oviduct so that it no longer 

encloses the upper part . The inner muscle layer is often up to thr'ee 

a:' fow muscle fil:res in thickness an:l these are Clr'ientatoo far' the rrost 

part longi tui inally. 
The lateral oviducts of C. zeaiandioa are histologically 

similar' to those of othE!t' Scariabaeidae. Ri ttershaus ( 192 7) repcrts that 
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figut'e 3.13 

Histology of the ferrale internal 
rei:rcrluctive crgans of C. zealandiaa 

A. longitu:linal section of the calyx of a lateral oviduct 

B. transverse section of JX)Stericr region of the mtrlian 
ovidu:::t neat' its antericr errl 

C. transverse section tlrough the anter'icr of the bLrsa 
copulatrix 

D. transva-se section of the duct of the bllt'sa copulatrix 

E. transverse section of a lateral accessory glarrl 
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Figwe 3.14 

Histological micrograph of female 
c. zealandiaa reirmuctive crgans 

(All haematoxylin arrl eosin) 

A. A section through the lower' par-t of the reprmuctive crgans at la-, 

magnification. Part of the two ovaries, the calyxes an:i later>al 

oviducts, an::i upper region of the median oviduct are visible in 

longituiina.l to oblique section, while the lo.-1er region of the ma:lian 

oviduct, a merlian arrl a later>al accesscry glard, the duct of the 

but"sa copulatrix, an:i the spermathecal duct appear in transver>se 

section. In a::ldition, this section also passes through the e::lge of 

the Sper'mathecal glan:i but not tlr ough its lumen. The spermathecal 

glarrl is shown at higher rnagnificatioD in Figur-e 3 .18, whilst the 

accesscry glarrls, median oviduct, an:i the ducts of the bur'se copula­

trix arrl sperrna.theca are also sham in Figur'e 3.15. 

B. LDngitlrlinal section tllt'ough the s:perma.theca an:i par't of its duct 

shewing the compresscr muscle an:i the spermatozoa arTange::l with their 

hea::ls pointing towaro.s the centre of the lumen arrl their tails ta,.,iards 

the walls of the crgan. The layer of cells which covers the convex 

Sut"f ace of the spermatheca is also visible between the black arT(MIS. 

Also apparent in this field are oblique sections through the junction 

between upper an:i lcwer regions of the median oviduct, parit of the 

wall of the bwsa copulatrix, ard a part of a spermatophare. 
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the lateral oviduct or "Eileitet::'" of P. horticol,a ard A. aenea is 

COIIIfX>sej of a folded epithelium of flattene:i cells which are elongated 

longi tuiinally, have smooth apical S1..lr:' faces, ard characteristically the 

aroc,unt of cytoplasm in them is smaller' than the volume of the:ir nuclei. 

In this latter repcrt, however, the lateral oviducts of these rutelinids 

differ from those of c. 2eal,and,ica, which have cells containing two to 

thr>ee times as much cytoplasm as nucleus. In P. anxia, Ber beret ard 

Helms (1972) note:i that the epithelium is highly fo]de::i ard compose:i of 

cuboid al cells. It also has a very similar appearance in section to 

that of C. 2ealandica (Fig1..lr:'e 44; Berbet::'et arrl Helms, 1972). 

The muscle layers which surToun:::i the lateral oviducts in 

different Scaraba.eidae appear to be quite variable. Rittershaus (1927) 

descr'ibes well developed inner> circular arrl outer longituiinal muscle 

layer>s :in P. hortiaoZa, ard. A. aenea; Dattar Gupta arrl Kumar' (1963) 

rep:rt an inner longi tuiinal, middle circular, ar.d outer longi tuiinal 

layers in H. gigas; ard Ber>beret ar.d Helms (1972) note only a layer> of 

circular' muscles in P. a:nria. 

The median oviduat 

The me:iian oviduct runs ventrally from the union of the 

later>al oviducts in the 7th segment to the vagina. in the 8th segment. 

It terds to be JIIO.':'e roun:ied in a:'oss-section than the lateral oviducts 

ard its internal walls <Fe folde:1 longituiinally. In a:.idition, it is a 

deeper white than the lateral oviducts fer most of its length except 

fer the middle region which is a light lrown. The length of the rrroian 

oviduct averages 1.85mm ard its w:idth varies between 0.33 to 0.40mm 

(Table 3.4). 
Histologically, the me:lian oviduct consists of two distinct 

regions, the first of which occupies the anter>ic:r' third or' so of the 

cr>gan. This is line::l with an epithelium which is compactly foJde:i 

longitu:linally so that it occlu:les the lumen (Figures 3.14 A, B). No 

cuticular' lining is present her>e, arrl. the epithelial cells are cuboidal, 

have heights of 20 to 30µ, rest on a thin basement merril:rane, have 

irrlistinct inter>cellular- walls, arrl have srrooth apical sw faces 

(Figur'e 3.13 B). They contain a slightly basophilic cytoplasm 

which is granular' an:i corc·en1rate::1 in the basal half to third of the 

cells whilst their apical regions arie packe::l with larige irrre&,:rulat:' spaces 
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containing a non-staining clear> material. The nuclei ere rourde::i to 

oval with maximum diameters of 7 to 8µ ard they ar'e also basal. This 

epithelium is surTourded by two layers of muscles anteriiorly, which ar'e 

continuous with those ar'Ourd the laterial oviducts an:l. consist of an 

inner' longitlrlinal layer ard an outer- c:ircular' layer'. Poster1iarly, 

however, these muscle layers merge into a complex thick reticulum of 

muscle f ilres which run pre::iominantly circular' ly arrl act as a spl1incte:i 

to regulate the passage of ma.tuce ova ard se<retion down the median 

oviduct. 

The J?OSteriiat" two thirds of the me:iian oviduct is lined with 

an epithelium. i-mich is loosely folded longitudinally to give a complex 

cr>umple::l cross-sectional patterin, arrl trie lumen of the duct is not 

occlu:l.e::l (Figuries 3.14 A, 3.15 A). The epithelial cells se<rete a 

cuticw.al'.' intima. apµ:,oxi.ma.tely lµ thick, rest on a basement rnern1Z'ane 

which is often difficult to distinguish because of the foJding, arrl have 

ir:distinct inter-cellular' m.emlranes. Their cytoplasm is eosinophilic 

arrl occupies apµ:,ox:i.r.nately the same volume in each cell as the nucleus, 

M'lich is flattened an:i has a maximum diameter of up to 10}-l. Two well 

developed layers of muscle Sl..JtT!'oun:l the epithelium; the inneri is 

longitu:l.inal an:i reaches 60µ in thickness in places whilst the outer' is 

circular' arrl has a max:i.rm .. Im thickness of about 50µ. Scattel'.'ed. 

longinrlinal muscle filres also run between the circular muscles arrl 

give the appearance of a widely spaced longitu:linal layer outside the 

circular' layer>, while other muscle fil:res l:::.lt'anch off to the bwsa 

copulatrix arrl sperma.thecal duct. 

The histology of the median oviduct of Scarabaeidae appears to 

be variable although the only otheri detailed descr>iptions are those far 

P. hortiaola arrl A. aenea by Rittershaus (1927). She repa:>ts that their 

me:iian oviduct er "Eier gung" consists of two regions both of which have 

a longi twinally folded epithelial lining arrl a chitinous int:ima. The 

relatively large cells in the antet>iCl'.' region also have large roun:le::l 

nuclei but they secrete a thin intima.. This is iroo uced into m.unec•ous 

fine hairs which :i;roject posteriar:>ly in A. aenea, wher-eas these hairs 

ar>e scar>ce in P. h,ortiaoZc,. In contrast to this the inti.ma of the 

posterior- region is smooth a.rrl becomes thicker> posteriorly while the 

cells which secrete it ar-e poor in cytoplasm arrl have snall flattened 

nuclei. The entire ma:iian oviduct is sllr'I"ourded by a thick layer of 
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Figur>e 3 .15 

Histological photcmicr:'ogr:-aphs of. the fenale 
c. zealandica inte:-rw re,IL'a:iuct.i.ve cr6ans• 

A. 'Iransve:>se section tlrough the poste:-icr region of the me:iian 

ov.iduct ard the duct of the lx.Jt'sa copulatrix antericr to the 

junction of the spa:-ma.theca.l. duct. Note the muscle fil:res 

runni}l?; between the malian oviduct ani duct of the :t:ur-sa 

copulatrix, an:l the fdt b:xly surrourding tracheae. 

(Haanatoxylin ard eosin) 

B. 'Iran.sve:>se section trrough a lateral accesscry gla.rrl an:l 

ma:lial accesscry glani, showing the deeply staining intima 

of the lateral glani, ani the lristles ani bacteria. in 

both glan:ls. 

(Mallcrys triple connective tissue stain an:l fast gi:-een) 
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circular a.rd oblique muscle fi.lJr>es san:iwiched between inner an:::l outer> 

layer's of irdividual longitu:iinal muscle fitres which also incr'ease in 

number' :r;x:>Stet:'iarly. The anteriiar regions of the med.ian oviducts of 

these rutelinids ther:'ef<re differ considerably from the anteriat' region 

in C. 2ea7,a.ndioa, but the posteriat' regions are reJrarkably similar. 

The me:iian oviduct of P. anzia also appearis to differ from 

that of c. zea?,andioa. Acca:>ding to Berber>et a.rrl Helrrs (1972) it is 

"corrpose::i of a highly fo1:la:i layer of cuboidal epithelial cells which 

is investe:i by a layer of circular muscles". It is also lined with a 

chitinous intirna which increases in thickness poster-iat'ly. Pl:'esumably 

the entire duct is therefcre line::l with cuticle in contrast to that of 

C. aeaZandiaa. 

The only other infcrmation concerning the me:lian oviduct of 

Scar>abae:i.dae is a description of the muscles which swrotni it in 

H. gigas by Da.ttar Gupta an:i Kumar' ( 1963). These authors report that 

they consist of inne'.' longitlrlinal, middle circular, an:l outer> 

longitu:iinal layers whic.1-i t7.eriefcre show some similarity to those 

arourrl the ITJEdian oviduct of the rutelinids describe::1 by Ri tta:>shaus 

(1927). These muscle layers in H. gigas arrl the rutelinids are 

therefore similar in some respects to those in C. zealand.iaa except 

that the outer- longituiinal fil:res are vecy widely space::1 in C. zealandica 

arrl appear to be part of the c:ircular muscle layer' • 

The ?)agina 

The vagina fClr'ms a tecminal sac-like dilation of the 

rep;'o::l ucti ve tract which lies close to the 7th arrl 8th sterna an:l is 

sanewhat flattened arrterio-poster'icrly (Figuces 3.ll, 3 .20). It opens 

posteriorly bBtween the styli into the genital chamber• an:l its latecal 

edges are strengthened by hemister'ni tes as describe:i in the following 

section dealing with the external genitalia of the female. In addition, 

the vagina is joined anter:>iorly by the b1.rsa copulatrix, anterio­

ventrally by the median oviduct, arrl later'o-ventrally by the two pairs 

of accessccy glarrls. 
Except fer the hernistel'.'nites arr:l styli, the vagina is lined 

with unsclerotised cuticle which vcr ies fran 2 to 20µ in thickness, 

being thinnest l~terally arrl thickest dar'sally. This cuticle is also 

distinctly layered. T'ne epithelium which secretes it is :identical to 
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that which forms the nmian oviduct, consisting of flattened cells, 

resting on a basement memlrane, with no visible inter>cellular' memlranes, 

relatively little eosinophilic cytoplasm, an::1 oval to flatteno::l nuclei 

with IIEX.imum dianieter>s of 6 to 8p. The various nuscles which overlie 

the epithelium are desa::1ibe.1 in the section on the muscles of the 

exterinal genitalia of the fernale. 

In other> Scarabaeidae the histology of the vagina is 

gener-ally similar to that in C. zea'land,iaa. Berberet am. Helms (1972) 

ter>m the vagina the "genital chambe'."' 11 in P. anxia an:1 desa::1ibe it as 

being "a large cavity with walls that at:'e canposed of a thick muscularis 

µ-,i.rnarily of circuldt" muscles which invest the epiti'"l.elium an:l V,!J.:'y 

thick intima11 • Ritter>shaus (1927) also reports that in P. hortiaol,a 

arrl A. aenea it has a Vet:'Y thick smooth intima arrl strongly developed 

muscles. The vaginas of these rutelinids, however>, possess remarkable 

unicellular glards with canals that penetrate the intir.ia. These ar'e 

particular, ly rn.nnerous between the "Vaginalpalpen", but ther>e is no 

evidence at all of sirnilar gla:us inc. zeal,a;ndioa. 

The bursa aopuZatri :r and spermatophore 

The bllr'Sa copulatrix is an elongate sac which narirows 

posteriorly into a duct with inter>nal walls folde:l in a longitu:linal 

direction (figut'e 3 .11). This duct lea:ls to the vagina mnne::liately 

dcrsal to its junction i:.vith the me:.iian oviduct. The coloi.r arrl size of 

the bur'sa copulatrix deperds on whether' it contains a sperrnatophat:'e or' 

rot. When empty it is translucent white, somewhat flattene:l, ani as 

small as 1.6mm in total length an:1 0.37mrn in maximum width, but when it 

contains a freshly deposite:::l. sper>rnatophat:'e it is dense white ard its 

distal region becomes disterrle:l, reaching a ma,"'{l.1111.lffi total length of 

3.2mn ard a diameter of 0.60nm (Table 3.4). The spermatophor>e, however, 

gpa:iually changes colollr' arrl sllr'inks: afta:i one to two d~ys it starts 

slrivelling an:l turning slightly yellow ar brown, an:i eventually it 

becanes a small hard lenticular' or thimble-shapa:i mass which is a deep 

yellow-1:rown an:l occupies the ext::rane distal errl of the bl.lr'sa copulatrix. 

Afditional spe:"rnatophct'es ar>e also fra:iuently deposita:i pr-ox:i.rnally to 

the olda:' ones so that the bursa copulatrix may have a var>iety of 

colotr3 between white and deep yellw-brcwn. 
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The distal region of the bwsa copulatrix is line:l with an 

epithelium which is thr'own into canplex folds when thet'e is only a small 

anount of sperrnatoph:re rnata:'1.al within the crgan. The epithelial cells 

ar>e flattene::l with heights of between 1 arrl 7µ, they rest on a thin 

basement menlrane, have irrlistinct irrter:'cellular manlranes, an:l se<rete 

a cuticular lining of 0,5 to lµ thick (Figwes 3,13 C, 3.14 B). Their 

nuclei ar>e oval to flattene:l arrl reach a maximum diameter> of about 10µ 

an:l they have relatively little eosirophilic cytoplasm. Tw:> layer:'s of 

muscle swrouro. the epithelium a.n:l these at'e ar:irange:l in inner:' longitlrlinal 

arrl outer- circular' layer>s, but they become pr'Ogt'essively oblique anter-icrly 

although the muscle fil:res in the tvx, layer>s always crioss at an angle. 

The pr'Oximal region of the bur:>sa copulatrix, which far'ms the 

duct to the vagina, is line:i with an epithelium which is thr'oon into 

about 10 lar>ge longitu:iinal folds (Figut'es 3 .13 A, 3 .15 A). Dcx>sally an:l 

lata:-ally this epithelium is cornpose:l of colUilI'lat" cells which variy in 

height from 15 to over 22µ (Figu:-e 3.13 D). They rest on a thin outer 

basement m.eml::lt"'ane an:l seet"'ete a cuticular> intima. which is appr'oxima.tely 

2µ thick along 100st of the duct but becomes thiI111e:' antet"icrly arrl thicker:> 

poster>iar'ly. The cytoplasm of these cells is eosinophilic arrl stains 

ma.inly in long stran:is which run vertically to the intima an:1 at>e easily 

confusa:l with the inter'cellulari merribr'anes. Also, the nuclei ar>e roun:le:l 

or' slightly oval, have diameter's of 5 to 8µ an:l lie close to the basal 

walls of the cells. In contrast the epithelium along the vel1i:t'al side of 

the i:roxirna.l region of the bwsa copulatrix is histologically .identical to 

that lining the distal region, being cornposoo of flattene:i cells, 1 to Sµ 

thick with small amounts of eosinophilic cytoplasm arrl oval to flattene:i 

nuclei. 
The entire pr-oximal region of the bwsa copulatrix is, howeva:>, 

surTowrle:i by two muscle layers which becane thinna:' ventrally. They 

consist of an inna:> layer, of longi tu::linal muscle which reaches up to 50µ 

in thickness an::l an outer- circular la yet" up to 30µ thick. Oblique muscle 

fil:res are also scattE!t'e:i irregular'ly thr>ough both these layer's, arrl 

ventrally some muscle f iJJr,es also 1:ranch from both layer,s to join the 

me:iian ovhluct er sper'mathecal duct. 
As alrea:iy note:i, the size ard. consistency of the spe:-matophcre 

deperrls on the length of time it ru:is been in the bur'sa copulatrix. When 

nEWly fcrma:l it is a soft white mass which a::lopts the shape of the 
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available space within the bursa copulairix, but 1.t gr:•a:lu-J.lly shr'inks, 

hardens, arr:l changes colour to yellow or br'own. In histological section a 

freshly rnaic sperrnatophore consists of a mn-stairang gr:iourrl substance 

within which ar:>e suspen:ie:i small irregular eosirophilic gr:ianules an:i 

spermatozoa. Both ar'e IIlOr'e or less scatteried evenly throughout the 

spermatophore except nec:lr' the bounlaries of large swirls of groun::i 

substance arr:l here they become rrn'e concentr>ate::i . Most of the sper-matozoa 

are also separ>ate but occasionally bunlles of them are visible near the 

e::iges of swirls. Sperimatozoa which rave twne:l yellow or brown have no 

eosinophilic material vii thin them. In sections they consist of numerous 

lar>ge globules of clear TIEteriial bourde:i by a material wluch stains 

grey in haernatoxylin ard eosin, arrl which has clusters of small deeply 

staining basophilic lxxlies suspen:ie::i within it. 

In Scarabaeoidea a sac-like bursa copulatrix si.rni.lar> to that in 

C. zedlandiaa is commonly pt"'esent, although Williams (1945) rotes that 

one is rot fourrl in P. aa:roZ. in1A.8~ E. -Z.aza.rus arrl possibly B. faratum. 

Ritter>shaus (1927) also repcrts that two a:lditional small sac-like 

structures, or "Ausstulpungen", arise fran the base of the bursa 

copulatrix of A. aenea. 

Histologica.lly, the bwsa copulatrix of C. zeaZ.ar.diaa closely 

resembles those of P. lvrtiaoZ.a arrl A. aenea as repar'te:i by Rittershaus 

(1927). However, she di.vi.des them each into thr>ee regions but the 

:i;roximal one nearest the vagina has the same histological structure as the 

vagina arrl is therefore an extension of 1. t. This :i;roxi.rnal region is 

followe::l by a thick duct er neck piece which lea::ls into a distal sac. 

Both have distensible, highly folde1 walls consisting of secr'etClr:'y 

epithelial cells with lightly staining cytoplasm arrl. large chrana.tin 

pocr nuclei. The intima is thin in the distal sac but becanes thicker> 

in the duct where it also has widely space:! bt'istles pointing towards 

the vagina. The duct is Sur'r'ourde::i by both longittrlinal an:i circular 

muscle f itres, the circular ones being especially numerous, arrl. both 

deCr'ease to a thin layet> ar'ourd the sac-like distal region. The pairoo 

evaginations or "Ausstulpungen" of A. aenea have walls wlu.ch are folde::i 

proximally arrl become progr,essively smoother distally where the 

epithelium is secrefcry. These organs are line:i with a thick intirna arrl 

mJmer>ous l:ristles which become shorter arrl sparser nearer the bursa 

copulatrix, arrl it is sllt'rourrle::i by a thick layer' of muscle. 
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Berberet ard Helms (1972) note only that the bllt'sa copula1rix 

of P. an :ria is a dOI"sal invagination of the vagina wlu.c..'1 has a thinner' 

"muscularis" an:i int:i.rna than the vagina. Accartling to Heym::ms (1930), 

the bursa copulatrix of S. sacer arrl s. serrripunc~atus is reduce:.i to a 

shallow bag with folded walls . Two of these folds which are lateral 

shield a ventral forked gr:>oove which lea:is to the mouth of the 

spennathecal duct ( "Canal.is copulatrix") ard possibly also ser-ve as 

anchat'ing points fer the rrale' s teg;nen during copulation. These folds 

are possibly hanologous with those in the duct of the bl.lr'sa copulatrix 

of C. zed andica but in this insect they do not cane into contact with 

the tegrnen d wing copulation. 

The spermatophares of Scariabaeidae are gene.rally similar to 

that in C. ;seaZandiaa with the exception that ins. semipunatatus 

accar'ding to Heyrnon ( 19 30) the spermatophore farms a long briownish 

tubular s1ruct1.n:'e which lies coilm up within other> fluid seCl'.'etions of 

the male organs in the bwsa copulatrix of the female. 

The histological appearance of the sper-ma.tophcre of C. 2eal,.andioa 

closely resembles that of M. meZ,oZontha as reported by Larda (1960). 

Accaroing to this author it originates by the si.rrple mixing of the 

contents of the "genital duct" ard three components from the accesscry 

glarrls of the male. These eventually become d1.ff erentiated into 

islanis of hyaline ani gt:'anular substance. At this stage the sper;,matozoa 

separ>ate from their burrlles an:l become active until t"l-iey have :rretabolised 

all the hyaline substance about 24 hows later'. 

Fenem::re (1971) is the only authcr who has publisha:l any 

inf<rma.tion on the bursa copulatrix of C. :uzal,a;ndica. He reporte:l 

similar colow changes in the spermatophar'e to those describe:i in the 

];resent investigation an:l observed distension of the bwsa copulatrix 

following copulation arrl slC»J shrinkage afteriwards. However-, he oota:l 

that in "most instances the bucsa never rett.ll'.'ned to its fcrmer virgin 

size even up to 20 - 30 days after mating • • . but in some in:li victuals 

it did retwn to a corrlition iniistinguishable from that of unmated 

females by that age". This suggests that some digestion ard absar'btion 

of the sper-ma.tophcre takes place very slowly. In this respect it is 

intet:'esting to note that Larda ( 1960) repa:ited that the sper-matophcre of 

M. melo lo ntha 1.s digested within 5 days of copulation. The epithelium 

of the bl..lr'sa copulatL.,ix of both these melolonthinids must theriefar'e be 
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se<retcry arri absorptive, am. the('e must also be pcres through the 

inti.ma to allow the passage of liquids tlrough it. It is also likely 

that the spermatophores of these insects are compose:i of materials 

which have a high nutritive value since Arrle.rson (1950b) reporte:l 

that the access<ry glarrls of the male P. japonioa :pr:icxiuce lipid, 

a mucus, arrl a mucus-like p:'Otein-polysaccharJ.de, so that the:ir 

digestion arri absarption may p:iovuie an important source of nutrients 

far the female dl.lr'ing the prialuction of eggs. A similari function has 

also been attributed to the spennatozoa arrl serru.nal fluid received by 

female insects that a:ce fet'tJ.lisEd by h2.emocoelic insemination (Hinton, 

1963). 

The spermatheca and spermatheaaZ. eZa:nd 

The spermatheca arrl its glarrl lie between ard slightly to the 

left of the bl.lr'sa copulatrix an:i me::han oviduct, with the glan:i anterior 

to the spermatheca. Muscle filres fran the bwsa copulatrix ard median 

oviduct arr:l tracheae hold the posteriar errl of the sper>rna.thecal duct in 

position, but the otha:' par'ts of these argans arie held in place by 

tracheae only. 

The spenna.theca is a transparent elongated sac which is f ille:l 

after> copulation with an opcque white fluid containing sper>rna.tozoa 

(Figurie 3 .11). Two priominent muscles lie on either side of it arrl 

stretch from one errl to the other berrling it into a C-shape:l cl.lr've. 

These µ--ol:ably form a pump fa::> sucking up sperni.atozoa ar expelling them 

from the sper-rnatheca. One errl of the sperma.theca is also joinErl by a 

transparent duct which leads to the darsal sllr'face of the duct of the 

J:ur>sa copul.:i:trix near the vagim. This sper-mathecal duct is filla:l with 

an opcque white fluid like that in the sper:-matheca. It is also twiste:l 

once ar twice alrrost into a helix close to the spet'l!latheca but it runs 

m:re ar less straight for the remain::ler of its length. The total len.:,oth 

of the spe:'rnatheca avet"ages O. 64mm, whilst its maximum width, inclu:ling 

the muscles, aver>ages 0.43mn, arrl the spermathecu.1 duct averages O. 72mm 

in length an::l 0.17mn in diarnetet' (Table 3.4). 

The sper-II12.thecal glan:i is cll1 elongate completely tr>ansparierrt 

sac which averages O. 9lrllm in length arrl O. 49mm in rnaxiroum width 

(Table 3.4). One errl drains into a thin transparient duct which join.s 

the concave side of the sper'matheca close to its junction with the 
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Sper>mathecal duct (Figur>e 3 .11). The duct to the sper'matheccl glan::l 

aver'ages 0.6nm in length an:l 0.1211n .m width(Table 3.4) but it terrls to 

get slightly thicker: just before joining the spermathem. 

The spermatheca is fc:t'mErl by an epithelium of colur.mar: cells 

which variy between 8 an:l 22,i in height (Figur1es 3 .14 B, 3 .16 C). The 

tallest cells occur' on the concave Sllt'face of the argun wher-e they <Jre 

~ uashe:i together' sideways arrl becane elongate:i. All the cells rest on 

an outer' basement memlrune, have distinct inter'cellular' walls, an:l 

sea:'ete an int:irru which is 3 to 4µ thick.. In a::idition, the:ir C:'.)rtoplasm 

is eosioophilic, arrl their nuclei which arie basal, vot:"y from rourrle:l to 

oval, arrl have diameters of 6 to 8p. On the convex m..tr'face an:l smes 

of the sper'matheca this epithelium is swrounie:l by an:::ither' outer' laya:' 

of cells which closely resemble those of the fat bcdy, whilst the 

rana.irrler- is either> rot covere:i or attache:l to the com:i;ressc:t' muscles. 

The outer cells are for the m::)St par-t ar>range::l in a single layer but 

they can be tw::, to twee cells thick in some places . They vary from 

almost cuboidal to irregular:' , have lar>ge central nuclei about 15µ in 

diameter, ani their cytoplasm is densely pack.Erl, gr-anular, an:l slightly 

basophilic. Occasional small vacuoles appr'oxinutely 2 to 3)-l in diameter­

arie also scatter>e:l thr'ough their cytoplasm. Serre of these vacuoles arie 

fille1 with an eosioophilic substance whilst other>s enclose a space 

wher>e fat c:ri oil has possibly been removai dwing the embe::lding proce:hre. 

In a:idition, some of the cells ar>oun:i the e:lges of this outer' layer ar>e 

enclose:i by a thin sheet of connective tissue but this does not exterrl 

over the majority of them. 

The lumen of the sperma.theca, afteri copulation, becomes fille::l 

with sperirnatozoa. Initially these arie discrgunise:l but eventually they 

arrange the.rnselves with their heads side by side, pointing inwards ar-oun:l 

a central clear:' space arrl. with their tails towat'ds the walls of the 

c:rigan (fi8ur'e 3.14 B). Generally, the fluid in which the spernutozoa 

arie susperrle:l does not stain itrith haematoxylin cJJrl eosin., but there is 

sometimes a rurrow layer' of horrogeneous material between the sper-ma.tozoa 

ard the int.J.ID3. which stains a very light raidish blue. 'This possibly 

originates in the sper1mat11ecal glan:1 since it stains the same as its 

secr:'etion. 
The sperima.thecal duct is fcrma::l by an epithelium the cells of 

which ere iderrtical to those that fcrm the sperrnatheca, except that their 
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Figur:e 3.16 

Histology of the sperlllcltheca ani sper-lllclthecal 
glani of the female C. zealandica 

A. 'Iransver'se section of the sperrnathecal glarrl 

B. Longitlrlina.l section of the sper>rnathecal glard duct 

C. L.:>ngitu:iinal section of the convex sllr'face of the 

Spet'lllcltheca 

D. 'Iransver'se section of the Spet'I!ldthecal duct about 

halfway along its length. 
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apical cytoplc3.Sr;1 often appear>s as fine strarrls whl.ch run ver-ticcl.1.ly to 

the cell Sllr'face (Figlll'.'es 3.15 A, 3 .16 D). These cells al.so have m:it'e 

rourde:l basal sur1filCes than those of the sper1matheca ard their heights 

ar>e m::r'e uneven. The cuticular> lining of the duct varies u. lot in 

thickness: it is thick.est where the duct is twiste:i close to the 

Spet'matheca ard here it variies ar-ourd. the diameter' of the duct from 2 

to 8]-1• Wha:ie it is thickest it also has a distinctly lumellar str>ucntr'e 

but no exocuticle is appcirent. The inti.ma. becomes gr-admlly thinneri 

poster'icrly an:l fClr' the most pert it vvries ar1ourd. the duct from 1 to 

4µ thick. Aroun::l the outs:ide of the antericr pc:!r't of the sperrmthecal 

duct irregular> clusters of the same type of cell which sUCToun:ls the 

spa:imatheca also adher>e to its basement membrane. HCMever, these 

cluster's biecome scar-cer postet:'iorly until there ar>e oone aroun:l the lill>t 

half of the duct. No muscle sur>rourds the anteriicr region of the duct, 

but a few w:idely spaced muscle fibres appear over- the poster:>iat' half 

which run in all directions u.rrl increase in number tCMar'ds the duct of 

the bursa copulatrix. Some of these muscles also run across to the 

rn,ajian oviduct am to the bwsa copulairix. 

The duct of the sperrmthecal gl.:m:i is line::l by an epithelium 

cornpose:i of the same type of cell as that of the spernutheca (Figut"e 

3 .16 B). However, the intirna is thinner, being less than 0.5)-1 thick, 

arrl the epithelium is thram into lat'ge longitu:linal folds by an outer 

layer of circulat:' muscle. This muscle is appro:xinutely 12µ thick over 

most of the length of the duct but it increases to about 20µ in thickness 

neat' the sper>matheca where it fot'rns a sphincter which compresses the 

epithelial folds arrl co~letely blocks the lumen. This sphincter 

controls the flow of l:i.qw.d from the spermathecal glarrl. 

The Sper'rnathecal glan:l has u11 entirely dif ferient histological 

structure to its own duct, the spermatheca, er' the spermathecal duct. 

It is line:1 with cJ. cuticular int:ura approximately O. 5]-1 thick an:l this 

is surroun:ie::i in tl.Ir'n by an innet" epi theliurn. arrl an a:idi tioncll outer 

layer of glard cells (Fig\L'e 3.16 A, 3.17). The inner cells ar-e 

flattena:1 arrl wry from appr-oximately 5µ to less than lµ in height. 

They rest on an outer:i basement membrane, the:ir intercellular walls 

cannot be distinguished, arrl they have a relatively srrall quantity of 

slightly basophilic cytoplasm. 
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Figu.r-:e 3.17 

Histological micrograph of the spennathecal 

gland of C. zealandiaa 

A portion of the sperrrathecal gland is sho.-m in cr'03S sectim 

with the lum:m tc.wards the left lc.wer region of the field. Uote the 

small tubule (indicated by a black arru...;) in one of the outer cells, 

and the small nuclei (n) between the outer cells. 

Lum lUJien of gland 

n nucleus 
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Their nuclei, however, ar'e rounia:l to flattene:l 2!rl occupy a 

large :priopartion of the space within the cells even though they cJr'e small 

an:l have maximum diameters of al:x)ut 6µ. 

The outer' layer> of cells 3"0urrl the spGr'mathecal glard v,Fies 

from appr>ox.imately 30 to 70µ 1.n thickness. It consists of columnar glarrl 

cells which p:'Obubly far'm a single layer, but they are usually distar'te:1 

sideways instead of being arTange:i vertically to the epitheliurr. below 

them, so that they almost always give the appeat'ance in sections of being 

two to three cells thick. The walls of these cells cre very distinct 

an:i their nuclei are usually basal, rourde:l, a.n::l large, having diameters 

of 13 to 16µ. Their cytoplasm is fari the most part basophilic an:l 

gpanular • This is densely packe::1 basally, but 1. t often encloses 

irregular clear spaces apically, ard in some cells a srrall cyli.ror>ical 

eosinophilic region can be distinguishe:i, usually close to the nucleus 

arrl apical to it (Figut:'e 3.17). Each of these regions is about 5µ in 

diameter> an::l appearis to be bent into a U-shape with &'ms about 5µ long 

directe::1 towar'ds the apical sut"face of the cell. In a:ldition, each of 

these regions has a central tube within it which is about 1)-1 in 

diameter, an:1 the basophilic cytoplasm sut"r'ourding the eosi:oophilic 

region is often slightly denser than elsewhere fer 2 to 4}-1 an:l has a. 

ra:iiating appear-ance. These outer glcll"d cells are s'I.IrTounie::1 by a thin 

connective tissue sheath which pr1obably also penetrates between each of 

the cells as an extrernely thin layer to the basement me.mlranc of the 

inna:- epitheliu-rn because small elonga.te nuclei, apIX'oxima.tely 6µ in 

length by 1. 5 to 3µ in width can occasionally be seen between the outer 

glarrl cells. Howevec , an investigation using the electron microscope 

is necessar-y beface this structur'al ar1rangement can be conf:irme:l.. 

The spet'rnatheca. arrl sperma.thecal glard of C. zealarzdica 

resemble those in other' Scarabaeidae except fer differ>ences in size an:i 

priopar'tion. A C-shaped sperma.theca is .J.l.so fowrl in m:my other> 

Coleoptera accaxiing to Stein ( 184 7) , am HeYJilOns ( 19 30) , arrl this shape 

is due to the compt'esser muscles. Stein ( 184 7) notes that the co.rrqressor 

muscle is single in the a.phahinid A. fimetarius, ani tet'ma:l it the 

"KOIIlp;'essar' muskel", but Heymons (1930) pointe:i out that it is pa.ire:i in 

s. sacel" an:i S. semipunctatus. ani termEd them the "Musculus compr'esscr>". 

Ritta:-shaus (1927) ter-ms them the "Kompriessionsmuskulatw" in P. hortiaola 

an::l A. Aenea, am Berbet'et ard Helms (1972) repa;it c1 spernia.thecal 
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COffi:F,('esscr muscle in P, anzia, but Straus-Dirckhejm (1828) ard Menees 

(1963) IM.ke no mention of them in M. mel-olontha ard A. majaZis 

respectively. Williams (1945) ::i.lso does not note these muscles in any 

of the Scar>u.baeoidea investigate1 by him but he riepcrts that they occur' 

in the coccinellids Hippodania aonvergens (Guer.) an:i Coccinel:la 

novemnotata (Hbst.), ard in the cer.:imbycid PT"Zonus ZatiaoUis Drllt'y. 

However-, he does not mention them in the coccinellid Epi tachna v<If'ivestis 

Mals. a:' in the cer>air.bycid Romaleum rufulum (Hald.) so it is ther'efcre 

possible that this muscle is sometimes not visible by m::rphologi.cru. 

examination. 

Otheri Coleopter>a possessing a sperma.theca with a carµiessor 

muscle an:l a speI1mathecal g].an:l sirnilari to those in the Scarabaeidae 

rnentione::i arove incltrle the elatrid Cteniaera aeripennis destractor 

(Brown); many of the Scolytidae (Ch.ar>aras, 1956), including Dendroatonus 

montiaolae Hopk. (Ceriezke, 1964); an::l amongst the Cu!:'culionidae, 

Cia>aulio aarya7,, (Horn) (Bissell, 1937), three species of PoZydroaus 

(Lenkowa, 1949), B:r>aahyr-hinus sufoatus (Falr.) (Cl"um, 1958), Anthonomus 

grandis Bohernan (Bur>ke, 1959), an:l twee species of Graphognathua (Stone, 

H:::mian. a..'1d 3r<Jdy, 1971). 

The sperrnathecal compr'esscr muscle inc. zealandica may be 

use:i both f<X' fcrcing sperirna.tozoa from the sperirna.theca into the vagina 

thl'.'ough the sperirna.thecal duct arrl postericr errl of the bllt'sa copulatrix, 

artl also fa' sucking sperirna.tozoa into the S:pet"matheca. These actions 

couJd be brought about in the foll.a-wing way: contraction of the muscle 

would incr:'ease the berrl of the spernatheca thereby re::iucing its interinal 

volume an:l hence inCl'.'easing the pressllt'e of its contents, wherieas 

relaxation of the contracted muscle has the reverse ef feet. The 

sperma.theca is ptiobably retwne:i to its criginal shape larigely tllt'ough 

the resilience of its relatively thick cuticul.ar lining with some 

assistance from the tissues sU'rowrling it, but this recovery action is 

likely to be weak cornparied to the corniressive effect of the contracting 

muscle. The ejection of spermatozoa, as suggested by Snodgt'ass (1935) 

is therefcre the nost likely use of this muscle, although He:yinons (1930) 

consideris that its sucking action is the pr'.1.Jnat'Y cause of spermatozoa 

entering the spermatheca.e of S. aaaer an::l. s. semipunatatus. Migr-ation 

of spermatozoa into the sperm:itheca of insects has been reviewe::l by 

other authors .i.nclu::iing Heyrrons (1930)1 arrl Davey (1965), arrl both 
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muscular ard che:rrotactic effects may plu.y some pat't. With respect to the 

Coleoptera, Stein (1847) suggested that the Spe!'rnatozoa were pushe:i up 

into the sperrna.theca by ~ist::iltic contractions of the vagina, whilst 

Harnish ( 1915) considere:l that in chysomelids chemical u:tiraction of 

spa-matozoa results in their' migration to the Spet'ITuJ.theca, .Jid that this 

µ-ocess lasts a number of hours. On the other hard, Heymons (1930) 

consider1ed that the s~rnathecal glan:l secretion of the s carabaeinids 

examine:i by him m:1.y influence Spet'rnatozoa over a shcrt distance only, 

wher-eas Ritter>shaus (1927) suggestoo that in P. hortiao'la an:l A. aenea 

the sper-rruthecae are filled with Spet'rratozoa by a canbination of musculari 

rrovements an:l active swirnrru.ng by the Spet'rrutozoa in response to 

chemotactic attraction. Lan:ia (1960) considerie:l that in M. melo"lcmtha 

the Sper'ma.tozoa leave the but'sa copulairix actively in response to the 

secretion from the sperrnathecal glan::l ard they ar'e not expelled by 

J;ressure in the bursa copulatrix. This authcr demonsirated this by 

observing that spermatozoa -travelled up a glass capillar'y tube fl.lied 

with secretion from the sperimathecal glan:l when this was place:l in an 

artificial Sper'ma.tophcre rna:le from the contents of the reµ:-a:l ucti ve 

system of a m:tl.e. Possibly, the:-efor~~ in c. zeaZ.a:ndiaa spermatozoa 

get into the spa:-rnatheca by a canbination of thell' own chemotactic 

:rrovements e.rd suction fran the sperimathecal can:i;resscr muscle, assisted 

pet'haps by some :i;ressure in the bursa copulatrix creata:l by its surrounjing 

muscles . .Movement of spermatozoa in response to chemotactic stimuli i:lt"'e 

suggestoo £rem the obsE.rvations that in recently copulata:l females 

spe:rnBtozoa beoome concentrated in the bursa copulatrix neari the 

opening of the spermathecal duct with thell' heads pointing tcwar'ds its 

opening. In addition, the sperimatozoa also eventually becorre crganise:i 

inside the spermatheca with their heads pointing tcwartls the centre of 

the lumen but leaving a clear- space in the centre which exten:ls to the 

poster icr errl of the or' gan. 

Exactly the same ar"ganisation of spermatozoa has been repcrte::l 

in the sper>rrathecae of P. hoPtiaoZ.a and A. aenea by Rittershaus (1927) 

but the reverse occurs in the s ca> abaeinid s e~ed by Heym:ms ( 19 30) 

wherie the spermatozoa becane ar'ganise::l with their hec.-rls to;.1aros the 

lining of the s:permatheca. In all the ctbove insects the sper'rnatozoa 

ferro a t:;mgloo. mass inside the Spet"Il'.athecae soon after> copulation and 

eventually recrganise themselves later>. Muscular' movements ITfi,Y ther:>efcre 
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be irnpcrtant in all these Scarabaeidae because Heymons (1930) fX)irlts out 

that the initial discrganisation of the spermatozoa suggests a turbulent 

mixing which couJd result from active suction. Chenu.cul attraction, 

hJwever, does not explain why the sperirnatozoa become organism within 

the spermatheca of c. zea"landica ani the rutelinids whereas it can in 

the sear>a.ba.einids. In the fcrmer insects this couJd pe:ihaps be 

explaine:i by the secr'etion of the accessar'y glan:l beirlg attractive to 

sper>rnatozoa a.rd. acting only in the µ::iesence of some othe:' factcr which 

is essential fcri movement of spermatozoa. Two possibilities seem likely: 

firstly, this factar> may be µ::io:iuca::l by the spernutheca in which case 

sperima.tozoa could enter the spermatheca entirely by cherrotactic 

attraction, arrl secorrlly, this factcr may be :i;resent only in the material 

of the sperimatophcr e, in which case the sperrnatozo.:i. could swim to the 

opening of the spermathecal duct in response to the attractant issuing 

from it a.rd. they wouJd then have to be sucke:i into the spa>rna.theca 

together> with some of the spernldtophcre material. Once in the 

spet"'matheca the spet"'matozoa couJd only sw1m into the secretion from the 

spe:imathecal glani as fari as the fact<r diffuse:! into it. Both of these 

possibilities may also be acting simultaneously, arrl the factcr may be 

some chemical which neutr.J.lises an 1nhibitcr of Spet"m movement p:iesent 

in the spff'rnathecal glanl sea-etion. 

Histologically, the sperrnatheca of C. zeaZandica is simi.lari to 

that describe:.i by Ritter'shaus (1927) fcr P. hortiaola ani A. aenea., an:l 

by Heym:ms (1930) for S. sacer an::l S. semipunatatus. In the two 

rutelinids it is lined WJ.th a wavy int.ima. ani the epithelial cells of 

the convex an:l concave swfaces differ. On the convex side they are 

cubo:idal arrl have Lrge rourda::l nuclei, but they differ" from those in 

C. zeaZa:ndica in having large apical vacuoles ani a siriate::l appeat:'ance 

. er "stubchensaum" next to the intirna.. Those on the concave side arie 

columnar' .:m:l have elongate::l nuclei which lie with their long axes 

towacd s the lumen of the glan:l • In a:idi tion, the convex sw face is 

s1..t:'r'ourrle::i by 2. layer of Lrge plasma rich cells. Accortling to 

Heyrwns (1930) the ccrresporrling epithelial cells in the two 

scarabaeinids ar>e cuboid al on the convex SUI'.' face rurl colUIIlilat' on the 

concave one, but theJr' nuclei arie centrally place:l. They seCY'ete a 

thick cuticular> intJ.m:1 with spiral strengthening ridges, an:1 some of the 

sper'nathecal glani cells a:ihet:'e to its convex swface near:> its distcll 



95. 

erd.. In P. anxia, Ba:>bet'et arrl Helms (1972) only note that the 

spe!'nutheca is com:i;:ose:i of a cuboidal epithelium uni that it is lioo:l 

with a thick intima.. 

The sperirn..1.thecal ducts of the rutelini.:ls descr'J.be:i by 

Rittet'shaus (1927), the scar>abaei.n:ids describe:i by Heyrn.ons (1930), am. 
P. anxia as repcrte:l by Ber>beret nni Helms (1972) all resemble the 

anter>icr pert of this duct in c. zea'landica, having a thick intirra arrl. 

oo su:-roun::ling muscles. However', in the scat'abaeinids tlu.s duct differis 

from the others in that it is S1.Irr'ourd.a:i, except fer its extreme anterier 

en:l, by a thick multiple layer of Vet'y l.Jr'ge roum at' pear-shapa:l glard. 

cells. Heymons (1930) repcrts that these cells hav0 gt'anul.cll'.' cytoplasm 

an::i lat"' ge rourd er irregular> nuclei. They are also each connecte:l to 

the sper:'mathecal duct by a fine canal er "chitinoses Sekr'e1roh1'."chen" 

which has a funnel-sha.pe::i opening into the cytoplasm hear the nucleus. 

Each of these canals either connects ird.i vidually to the spernathecal 

duct er else it joins other's befcre doing so. These secretcry cells at'e 

ther-efcre arig.:uu.sed in a s1.11U.lari fashion to the secretcry cells in the 

sperima.thecal glan:1s of some other Scar1alx.1.eidae cJ.S desa:>ibe:l below. 

The structul::'e of the Sper:'Il"atriecal glan:i of C. zea"landiaa is 

also similar to those of the rutelinids an:! scar1clbaeinids described by 

Rittershaus (1927) an:l Heyirons (1930) respectively, being compose::i of 

an inner' epithelial layer which secr1etes a thin int1JI1a an:i an outer' 

layer of secr1etCX'y cells which is Hot'e than one cell thick in some places. 

These secr'etcry cells arie also lar>ger than the epithelial cells arrl have 

lar'ge'.' nuclei. In s. saoer ard s. semipunotatus,Heyrrons (1930) repavts 

that the gl.:i.nlular cells .:re lar-ge an::l have granular cytopluSm. They 

rreke up an irregular layET fcrming several lobes Sut:'r'ourrling a central 

duct an:l sane of these cells also adher>e to the erd of the Sper'nutheca 

as µieviously ioontione:1. However, Heymons ( 1930) does not oote any fine 

siructllr'al details such .J.S he does in the glani cells aroun:l the 

spet'mathecal ducts an:l it is theroefcre possible that these cells are mere 

similar, to the cells on the outside of the Sper'rnatheca of C. zeal,andiaa, 

but confirmation of this will have to await investigation with the 

electron micr1oscope. 

The histology of the spermathecal glard.s of P. hortioo"la arrl 

A. aenea.,as repcrted by Rittershaus (1927) is pariticularly close to thi:l.t 

in c. zea'landioa. In these rutelinids the inner epithelial cells are 
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thin ani have little cytoplasm whereas the secretcry cells hCJ.ve lat'ge 

chromatin rich nuclei which ar:ie central to basal in position, arrl their 

cytoplasm is basophilic except fer a rourd 80sinophilic mass lll each 

cell. 'Ilris mass is homogeneous an1 gener:'ally si::uated close to the 

nucleus. Rittershaus (1927) also oot..:;s t."l-ia:t the secretion in the lur3en 

of the glard is eosinoplu.lic am. conclu:l.crl that the homogeneous ffi.:lSses 

within the secretar'y cells was material which h.:rl rot yet been secrete:l. 

Fwthe:'m::!r'e his histological figure of the Sper:'mathecal gldfd of 

A. aenea (Figure 56; Rl.ttershaus, 1927) sho;..Js occasional SIP.all circular' 

structures in the cen"1J:'es of the eosinophilic masses, and some fine 

ducts passing fran the lumen of the glan:l into some of the secretcry 

cells . A similar histology has a.lso been repcrte::l fer the Spet'mathecal 

glan.:is in the CUl'.'culionid genus Po"lydrosus by Lenka-va (1949). TI1e 

inner' epithelial cells of these insects ar:ie, hcwever• , co1Ul!ll1ar' ard the 

outer secretcry cells ar'e loosely packed although apically eu.ch is 

p:-o:luced into a thin "p:-ocess" which passes tlrough the inner' epith121ium 

to the lumen of the glan:i. Lenkowa (1949) consider>s that the secretion 

of these cells reac.~es the lumen thr'ou&i these "µ:-ocesses". This 

histological structure in these Coleoptera is also similar to that 

which occws in the Sper'mathecal glards ani access<r'y glan:l of some 

Lepidoptera, as reviewe:i in t11e section on the male inter>nal re}_X'cductive 

organs of P. operau"leUa in Chapter- 7. 

The structure of the above merrtione::1 glarrl cells strongly 

suggests that t"li.ey may have a similar at' garu..sation to that of the 

spermathecal bulb of Per-t:p7.,ro--:,eta americana (L) as repcrted from 

investigations using the elec-tron nu.scroscope by Sm.1th (19M), and Gupta 

am. Smith (1969). The bulb consists of a cuticular lining surToun:led 

by two distinct layers of cells. 'TI1e inner epithelium is continuous 

wi. tJ-1 the hypm er-mis, ani the cells comµ:-ising it are covera:.l with c1 

tough basernent mernl:rane outside whic..1-i lie viscecal. muscle fil:res. 

Outside this again is a layer- of secretcry cells, each of which flanks 

one of the inner epithelial cells. A p:-ominent cavity is invaginatai 

into eoch secret<ry cell fran its apical sllr'face. 'This cc1.vity is lined 

with m.i.crovilli arrl the secretions of the cell era release::1 cyclically 

into it. Also, 1.t is :i;romed with a central extracellular duct made 

up of a loose feltw<rk of filr ils arrl the secretion penetrates into this. 

The secorrl half of the duct . along which the secretion passes to the lumen 
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of the glan:l is IX'Ovirle:i by the un:l-er l;ting epitAe]Jal oall, but here the 

tube is :i;robably cuticulat" arrl it is canpose:1 of alternating ooncen1ric 

cy1in::1r-ical layers with an epicuticular lining. Whether or not this is 

the same s"tructure as is p:'esent in c. zeaZ.andica will, 11.ooever, have to 

await examination with the electron microscope. 

It is pet'haps of interest that the histology of the sper-rna­

thecal glarrl of P. an:d.a rnay be different fran that of the C.Oleoptera 

describe:! above. Ber-ba:'et an:i Helms (1972) note only that it is 

"canposa:i of a thick epithelium of sanewhat disa'ganise::l cells" ani 

their microgr,aph of it (Fig. 49; Berl:Jeret arrl. Helms, 1972) does not 

clarify whether it is diffet'ent a' not. 

Finally, it can be nota:i that the most likely function fat' the 

sperrre.thecal glarrl secretion is to p:,ov:ide an eIDgeoous nu"trient source 

fer the sper>matozoa in the sperirnatheca (Davey" 19 65) arrl it may possibly 

also {%'a:! uce an attractant fer the spermatozoa as ireviously irentiona:i. 

The histolog:i.cal s1ructure of the Spe:'mathecal glan:l duct in 

the rutelin:ids describe1 by Rittershaus (1927), arrl P.an:x:ia described 

by Ber:>ber'et an::l Helms ( 1972) is vec,y, similar to that of C. zealanilica 

being canposad. of an epithelial layer- investe:::i by a multiple layer:' of 

circular muscle fil::res ard lina:l with intima. Berber-et arrl Helms (1972) 

suggest tliat contractiai.., of these I!llJScleS could farce secretions throu.e,h 

the duct from the sperirnathecal glan::l ani this rnay also occl.lt' in 

c. aeaZ.andiaa. Hcwever, these muscles also f<X'm a sphincter in this 

latte:' insect which corrtrols the flow fran the glan::l • In contrast to 

these above insects, the duct of the sper1mathecal glarrl in the 

scarabaeinids describe:! by Heymons (1930) differs in tM.t it has no 

muscular' layer stn'ourrling it. It also possesses a un.iq ua small muscle 

which runs to the duct of the bl.lt'sa copulatrix a:i "canalis copulatrix" 

arrl l:lt'anches to the distal errl of the sper:ima.theca. Heymons (1930) 

suggests that this latter muscle acts as an c:d:l uctar' muscle fixing the 

spermatheca arrl l. ts glani in place d wing violent musculac' movements of 

the gut. 

The accessoroy gl-a:nds 

The 4 accesscry glanis at'e rourrl a'gans which have w:ide 

openings into the vagina (Figi.re 3.11). They are grouped togethai in 

pairs which lie on either' side of the me:lian oviduct along the antE!t'io-
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ventral e::ige of the vagina. The lateral accesscry glarrls are smallE!l.'.' 

than the me:han ones with mean diameters of O. 60:m ard O. 29an 

respectively (Table 3.4) a.rd both vary in colour- from white in newly 

erne:-'ged a:lults to yellow brown er light lrown in older- irrliVlduals. 

Frequerrtly the me:::iial glards ar-e, however, darke:1 than the later-al. ones, 

but the colol.ll'.' is due mainly to their contents because the walls of the 

accesscry glan:is arie translucent white. These contents are also 

usually a creamy fluid although they can be a.J.nost solid in the me::iial 

glard s when J:x,own. 

Each pair of accesscry glards fcrms two sac-like evaginations 

of the vagina. They are canposa:i of a colum:nat' epithelium which is 

continuous between the two glards of each pair an1 generally varies 

between 18 an::l 25-µ in thickness (Figur>e 3.15 B). The cells comp:'ising 

it ar:'e tallest in the later:>al sides of the later-al glarrls where they are 

comµ:,essed together sideways, arrl they became :i;rogr:>essively la-Jeri 

tc:Mar'<:ls the me::iial ard anteriet' edges of the me::iial accesscry glards 

wherie they eventually ~aie into vagiral epithelium. Elsewha:1e, ar>ourrl 

the e:.iges of the accesscry glarrls, the histological change to vagina is 

rapid. 

The epithelial cells of the accesscry glards have rourded basal 

sur:>facee which lie on a very thin outer basement II6Ill:rane (Figur,es 3 .13 E, 

3.15 B). This is usually only cleat:>ly visible when it is stretche::i 

from the bulge of one cell to an:::>the:1 without following the in:lentation 

between them. The intet:'cellular mernl:ranes arie clear-ly distinguishable 

basally but become in:list:i.nct apically, the cytoplasm is eosinophilic, 

an:i the nuclei ar>e relatively lar-ge, having diarnetE!t"s of 8 to 10µ. They 

also occupy m::>st of the basal space within the cells ani conse:iuently 

often becane somewhat cuboid al. The nuclei remain lar>ge where the 

cells become lower in the rre:iial glanis ani the cytoplasm reduces in 

volume instea:1. The epithelial cells secret"-" a cuticular> lining less 

than lµ thick arrl this is praiuced. into tapering spines mostly 30 to 

SOµ long which at"e characteriistic of these cells. Each cell apparently 

only has a single spine ar>ising from its apical sl.ll'.'face as a wide 

slightly ci.rving cone. This narTows to less than lµ in diameter 

ap:i;roximately one third of the way down the spine, ard after this it is 

relatively straight arrl tapers only slightly to its tip. In ad::iition, 

the cuticle is eosinophilic between the bases of the spines, where they 
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are densely ar;,ranged on the lateral walls of the lateral glards 

(Figure 3.15 B). fi.nally, clusta--s of fat ba:ly cells often aihere to 

the ba.sanent rnemlrane of the accesscry glards but they ar;,e not always 

associate:::l with them as is the case with those on the convex sUr'face of 

the sper-rnatheca. 

The fluul in the lumens of the accessory glards can be seen 

to contain numerous bacter-ia arrl the:ir decomposing tro:iucts urrler the 

light microscope (Figure 3.15 B) am. in electron microgr,aphs (Figure 

3.18 A, B). These bacteria are packe::l particularly densely in the 

sp:i.ces between the spines, wlu.ch fcrm a dense feltwcrk presumably 

functioning to p:-event all the bacteria from being lost fran the 

widely opening glan:is. 

The general appearance of the accesscry glards of C. zealandica 

has been described p:-eviously by Hoyt an:l Osbcrne (1971) who terna::l them 

"collete;-ial glan::ls". These authcrs also repcrted that the "interior 

wall of each glarrl 1.s line::l with many thin, bifur>cate µ,ejections ... " 

but none of the l:ristles were fourrl to fcrk in any of the 20 er so 

specimens examined d ur'ing the present stuiy. 

The accessar'y glarrls are b1.lobEd cr double crgans in 

P. horticola an:l A. aenea acccrding to RJ.ttershaus (1927) arrl Williams 

(1945), ard. they tha--efcre resemble those of c. zealandica. In most 

other> Scarabaeo:i.dea they either- fcrm a pair of simple sac-like crgans, 

as in M. melol-ontha L. (Straus-Durckheim, 1828; Stein, 1847); A. aenea 

Geer (Rittershaus, 1927); Phyllophaga sp., P. japonioa Newman, 

L. gibbosus (De G.), C. nitida L. (WillianJS, 1945); P. anxia (Le Conte) 

(Menees, 1963); an:l A. majalis(Razm.nno;.;sy~ (Berberet an:l HeJ.rns, 1972); 

er else they ar-e lacking as ins. sauer L., s. senn~punatatus Fabr. 

(Heyrrons, 1930); B. faratam {Fa.1:r.), E. Lazarus (Fal:r .) , an:l P. oarolinus 

( L.) (Williams, 1945) . Few histological descriptions of these er gans 

are, however, available, arrl the rrost detaile:i is that of Rittershaus 

(1927) fer P.hortiooia :arrl A.aenea. The accessa:'y glarrls of these 

rutelinids, however, show only slight siJru.larities with those in 

c. zealandica. The accesscry glan:is of P. hortioola are the nnst complex: 

each is compose::l. of an outer secretat'y sac-like par-t which drains into 

a lat'ge me:iial bubble-shape:i stcrage <X'gan neat' its opening into the 

vagina. The secret cry par>t is COIIl];X)Se::l of a single layer, of glarrl cells 

with lat'ge rouni chr'omatin rich nuclei, an:l well develope::l plasma ba:iies. 
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Figure 3.18 

Electron micrographs of the accessory 

glands of C. zeaZandica 

A. A l(p/ rnagnif icaticn electron microgralXl sho.,1.ing the 

epithelial cells on the left, the cuticular lining 

in the centre, and the lt.lIDen on the right, together 

with cuticular spines which are indicated by the 

white arrows t(p/ard.s the top right of the field. 

Nurrerrus fine canals are visible which penetrate the 

cuticle; probably the secretion of the epithelial cells 

passes through these into the lwren of the gland. 

B. A high magnification electron micrograph through the 

fluid in the llilleil of the accessory glands clearly 

shewing the bacteria. Sane decomposing bacterial 

membranes, sane of which are indicated by black arro.vs, 
are also visible. 



A 

B 
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Distally, their intE!t'cellular rn.emlranes frO'.l ucntly lose contact basally 

while the cuticulari luring is lamellate:i arrl fCll'.'ms a honeycomb of wide 

tubes wluch iroject into the lumen, each tube arising from a single cell. 

The secretion inside these tubes is also canpose:i of fine granules 

whereas in the lunen of the organ it forms large lumps. The star'age 

par-t is composa::l of cells with basal nuclei arrl plasma bo:iies which ar1e 

drawn out into long ra::ls. Most of the intirna is irov:i.de:1 with 1:ristles, 

but the distal eni of the a:'gan ~ejects back into its centre as a 

conicle mourn. an:l this is very densely covere:i with 1:ristles which fork 

at their tips. a--armles of secretion are stcre::1 am:mgst the lattcr 

lristles ard pr:'esurrably ·the forking tips of the lristles µ,event it from 

escaping. TI1e entire accesscry glarrl is covererl by muscle, but this is 

thin over the secretory region ani thick over the lristle rro\ID'.l. These 

muscles evert t"le mum. before an:i dwing copulation, arrl when evertion 

occur's the J::riistles are sµiea:l so that the secretion is eXfX)Se::l. 

Rittershaus (1927) :i;resumes a similar action is involve:i in taking up 

the secr:ietion as well. She also considers that the secretion of these 

glarrl s plays sane role dl..It'ing sex recognition arrl suggests that the 

s:trea1ing of the lristles dl..It'ing eversion inCt'eases the sur'face ar-ea of 

the secretion allcwing gr,eate:' contact wi t'1 the air for volatization. 

The functions an:i structwe of the accessCll'.'y glarrls of A. aenea at'e 

similar' to those of P. hortiao 7,a except that they ar>e not biloberl arrl • 

they have no coru.cle mount. Instea:::l the secretar:'y cells cor.o.µiise the 

outeri wall of the crgan an:i each cell is µ-ovidoo with a single lristle, 

whilst the densely packe::i fcrke:l l:ristles arise from the wall next to 

the vagina. Simple lr'istles also arise from the secrietcry cells of the 

accesscry glarrls of M. mel,oZontha, AmphimaZlon, arrl Cetonia according 

to Stein (1947) an:l Rittershaus (1927). The accessClr'y glards of these 

insects ar'e also not diffe.rerrtiate::l into secretcry arrl stat'age areas. 

They ar'e theriefcre possibly similar to the accessar:'y glan:ls of c. 
zeaZ.andioa, but fwther• detail is not available. The accesscry glan:is 

of P. an:da are, however, quite different from those of C. zeaZandiaa. 

Be.rber>et arrl Helms (1972) repcrt that each is compose::1 of "thick 

epithelium that partially Sl.lt'r'Ourrls a central region fille:l with 

refractive, basophilic ro:is," arrl that two ducts exteni from the ce:rrtral 

region an:1 open into the genital tract near> the vulva. They repcrt that 

the eggs al'."e appat'ently coatai with accesscry glard secretions as they 



pass through the vagina, but they did not determine the f\.mcticn of 

the ''refractive rods" . 

The bacteria of ~he aaaessory g"land.s 

102. 

The maj Clt'i ty of bacteria present in the accessory glands.~ 

gram negative coccobaccilli although a few gram negative rcx:is were also 

scattered amcngst them. Vlhen examined under the electrcn mi.erase~ 

(Figure 3.18 B)· the walls of these bacteria appear to be canpcsed of 

three electrcn dense layers, and this carrespcnds well with their gr,am­

negativity: according go Glauert and Thomley (1969) griam-pooitive 

bacteria have walls compcsed of cne at> two electron dense layers:. 

depending en the stain used, -whereas gram-negative bacteria generally 

have walls consisting of three dense la~. 

Since no identificaticn of the bacteria in the accessacy 

glands of c. zeaLand:iaa was published by-'late 1973, a preliminary 

identification was made by Miss N.R.C. Davies, Principal Technologist, 

Waikato Hospital, Hamilton using 4 female beetles. 'Ihe coccd>accilli 

in the accessory· glands included an EJnterobacter and an Acinetobaate'!! 

species, whilst the ra:ls were probably Yet>sinia pseudotuberau Zoais 

(Pfeiffer) or a similar species (Appendix 2.12). In additicn, the 

bacteria in the gut w"ere also investigated because the anus opens ·c~ose 

to the accessory glands and it is poosible that sone of these bacteria 

are contaminants. Species of StaphyZoaoaaus~ Miarocooaus~ and 

Aainetobaater were fotmd together with· the same bacterium which is 

found in the accessory gland. This is pr-obably Y. pseudotubercul,oaia. 

It is interesting to note that Ba.uchop and Clarke (1975) recently 

investigated the hirrl-gut microbiology of the t:hllxl instar larva of. 

c. aeaZandiaa. ·They obtained two small flagellate priotozoa and 12 

different bacterial isolates of which 10 were identified to genera. 

These were gr-am-positive and gram-negative rods, none of whim were 

found in the adult gut in the present study. This seems to indicate 

entirely different floras in larval and adult guts. The guts of larvae 

and adults are certainly distinct norphologi.cally; the hind-gut being 

es~cially different. The StaphyZoaoaaus and Microcoaaus in the gut of 

c. zeau.r.ndiaa adults may have been n0tm3.lly present there, have entered 

it fartui tous ly with the focx:l, or have been present in the boo.y cavity. 

&lchanan and Gibbons (19 71+) list three si;ecies of Staphy Zocoacus: 
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s. saprophytiaus (Fairbrother) is cc:mocn in air, soil, am. dust, as 

well as in other situaticns. The other two species nomally in:labit 

the skin and sana mucous m:rnbranes of warm blooded animals, although 

S. aureus Rcsenbach has been isolated fran the £,1.lt of M. me to ton tha L. 

(Steinhaus, 1963). Tne larvae of C. 2ea1,andica will ingest soil 

(Allisc:n, 1969) but whether the adults do is not kn.am. Accaro.ing to 

Buchanan and Gibbons (1974) Acinetobacter cal,coaceticus (Beijerinck) is 

the only species described far this genus. It is present in soil, water, 

and both diseased and healthy animals so it seems pr-obable, therefore, 

that the same species of Acinetobaa-wr is present in both the gut and 

accessory glands of c. zeal,an,dica. Y. pseudotuberacu.wsis produces 

infectic:ns in man, birds, sheep, arrl other animals, including spara::lic 

infectic:ns in ccws, and it has also been isolated frcm speciJrera of soil 

and dust (Dubos, 1958; Buchanan and Gibbons, 1974). If this is the 

bacterium in C. zeal,andiaa then it could have been acquired by cai.tami­

nation frcm cCM dung since the beetles were collected fran a dairy farm. 

The larvae will eat cCM dung in the laboratory (Wig):rtman, 1972a), but it 

is not kna.m whether the adults eat cCM dung, or whether the bacteria can 

survive in the gut fran larva to adult. 'Iwo species of Enterobaoter a.re 

kncwn: E. cZoaaae (Jordan) and E. aerogenes Harnaeche and Edwards 

(Buchanan and Gibbc:ns, 1974); both OCCUI' in soil, water, and in the faeces 

of man and other animals. It is therefore pcssible that any of these 

bacteria could have originated as ccntaminants from the soil. Neverthe­

less, the observatia:1 that Bnte1•obaater was only found in the accessary 

glands suggests that it is the Clt"ganism which pr-oduoes the inenol althoug;i 

there is also the possibility that the ITienol prcx:lucing bacteria exist 

both .in the gut and the accessory glands . This would be a possible 

explanaticn to account for the observation of Henzell et ai. (1970) that 

the attractive region is located in the dor'Sal hall of the first three 

al:x:laninal segments of C. zea'landiaa. Iurther research perhap:3 also 

involving attractancy tests with bacterial cultures is necessary to 

determine which bacteria pr-oduce the phenol, and whether these bacteria 

are limited to the accessory glands. 

The production of phenol by bacteria has been reported before 

by various authors listed by Gunsalus and Stanier ( 19 61) . 'Ihe bacteria 

involved are Esahe'::t'ichia col,i (Higula), C7,,oat'::t'idium pseudotetanique 

(Prevot), and CZost'::t'idiwn tetani (Flugge), together with "Baail,7,us 



pheno"loZogene8° wnich has an uncer>tain synonymy. All .:re fourd in soil 

er faeces and this constitutes the only very tenuous link with the 

bacter:'ia fourrl in c. zea"landioa. Acca:xling to Gunsalus arrl Stania:' 

(1961) these bacteria utilise tyrosine uS the star>ting point in the 

µ:,o:luction of phenol, arrl Hoyt ard Osborne (1971) have suggeste:l that a 

similar' pathway may be followerl by the phenol µ,educing bacter-ia in 

C. zeaZandica. It is interiesting to note that hardening ani dat'kening 

of the insect cuticle results from tanning by phenolic substances 

derive:l from tyrosine (Hackrra'1, 1974; Wiggleswcrth, 1974). These 

substances accumulate in the cuticle an:1 most which ha.ve been isolate:i 

at'e 3, 4-clihy:iric phenols. Al though the haemocytes ffi3.Y be invol ve:l. in 

tyrosine metabolosm (.At>nold, 1974) it is ev:ident that the epide:-rna.l 

cells certainly ar'e. Also the accesscry glarrls of c. zealandica ar>e 

epider:'ID:3.l de:'ivatives since they ar-e lined with cuticle an::!. theriefcre it 

seems even mere likely that they may secrete tyrosine er sOJIE derivative 

of it which the bacteria could converit to phenol. 

The possibility that the accessat'y glards themselves can 

p:-o:luce phenol has not yet been rule:i out. No reference to the 

p:io:l uction of phenol by insects is, however , kna.m to the v-r i ter, but 

the Sirongylosornid rru.llipede Oxidus graai Zis (Koch) does (Blum, 

MacConnell, Br°'arrl, Duffield, an:i Fales, 1973). The defensive exadate 

of tlus millipede contains 1 to 5% phenol. However', the secretion of 

v.rious other phenolic substances from ecta:lermal glards of insects is 

well kna-m a.rd tlus has been reviewed by Gil.now (1961), arrl Weathet'ston 

an:l Percy (1970b). 

An interesting aspect concet'ning phenol in C. zeaZandioa is its 

concentration. Henzell ard I.owe (1970) state:i that each female "contains 

between O .5 ard l.Oµg of phenol, which ccrrespords to app:-oximately 10 

to 20 par>ts per million by weight". Hoyt an:l Osbcrne (1971), hONever>, 

f curd that symbiotic bacteria in the access er y glarrls of the female 

µ,ai uce the phenol. If the vol'l..lrOO of the accesscry glarrls is determine::! 

• from the measweinents of their max:imum diameter assur.iing that the glarrls 

at"e spher>ical am. have a density of 1.0, then the concentration of phenol 

within these glan:ls can also be deter>mine:l if it is assurrro. that all the 

phenol is pr1esent within them, arrl that it is distribute:l evenly 

tlroughout the glan:l an:i its epithelial walls. The results of these 

calculations give an average concentration of 3.0g/1 with possible limits 
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of 0.9 to 7 .2g/l. It shou1d also be noted tmt the assumptions rna::l.e 

wou]d in fact ten:i to make the concentration la-Jer so that these values 

can be regaro.e::l as rn.:iniraum ones. Phenol, however, is a well knovm 

disinfectant an::l it is usa:l as the comparative starrlarid fer> determining 

the R.ideal-Walker> coefficient of disinfectants: a 1% solution of phenol 

being sufficient to kill all the SalmoneUa typhi (Sclroeter) un:ler 

stardaro.isa:i corrlitions in between 5 an:l 7 .5 minutes 

(.Anon., 1934, with amen:::lments 1943, 1951, 1953, 1963). Obviously the 

concentration of phenol within these acc.::sscry glarrls is a pJwerful 

disinfectant an::i it therefore follows that the bacteria are unusually 

tolerant to this chemical, or that phenol is pi.""esent elsewhet'e in the 

bcrly of the beetle. 

The digestive tract offers one possibility of an alternative 

site fer> pherol. C. zeaZand·iaa is phytophagous (Appen:lix 1.1) arrl sare 

plants are known to contain phenol. Ynis sowce seems unlikely though 

since phenol has been repcrte:l in only 5 plants of scattered. systematic 

distribution (Harb<rne, 1964) arrl c. zeaZandica is unlikely to cane into 

contact with any of them. A :r.ocre likely sotrce is that the phenol is 

p:'o::l uce::l. in the gut as a result of digestion er' maceration of the plants. 

It couJd conceivably be p:'aiuced. by decarboxylation of p-hy:iroxybenzoic 

acid which occtrs ccmnonly in plants (Harbcrne, 1964): the decarboxylation 

being accomplishErl by a fairly non specific enzyme such as peroxidase.· 

HCMever, it seems unlikely that this woukl ·praiuce more than 2.. trace of 

phenol if in fact such a reaction occurTe::l . A th:ird possible sowce is 

the b:tcter-ia in the gut as described above. 

Swmiary 

The internal reproductive organs of the female c. zea"landica 

are morphologically simple and show similarities with those of other 

Scarabaeidae. Histologi.cally, most of the organs also have a counterpart 

in another scarabaeid, but particular close similarities occur with the 

lateral oviducts of P. anxia, the spermatheca and spermathecal glan:l of 

A. aenea and P. ho~tiac"la, anJ the bU1-isa copulai:r'ix of P. hortiaoZa. 

c. zeaZandiaa is, ha.vever, unusual in that its ovaries are clearly 

telotrop."lic an:i each is usually enclosed within a connective tissue sheath, 

that its rruxlian oviduct has an anterior region which is histologically 

the same as t1.e lateral oviducts, and that th.e accessory glands are 
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histologi.cally uniform instead of being differentiated into regions, 

but these are only minor differences. 

The external genitalia of the female 

The nomenclature of the female external genitalia used in the 

following description is that of Ll.rrlroth arrl Pal.Jren (1970). 

The external genitalia of the female, like those of the male, 

lie withdrawn and out of sight in a genital chamber. This is formed as 

a shallow invagi.nation in t11e articular irembrane between the 8th 

abdominal sternum and tergum at the posterior end of the body. The 

opening to this genital chamber can usually only be seen if the 8th 

sternum an::I. tergum are parted and then it appears as an oval hole 

occupying approximately the JOOdial third of the mambrane. Ventrally the 

genital chamber extends anteriorly above the 8th sternum to forra a 

pocket but elsewhere it is shallow. 

T'ne lateral edges of the genital chamber are supported by a 

pair of long thin S-shaped sclerites, the hemisternites (Figure 3.19 A, B). 

These are considered to :ropres.ant the divided 9th sternum (Lin:m:rth an:i 

Pa.lmen, 19 70) . A flattened stylus articulates with the medial edge of 

each hemisternite mid-way along it and nms medially along the anterior 

wall of the genital charnber (Figure 3.19 A, B). However, the styli from 

either side do not meet in the mid-line and there is a gap, ventral to 

which the vulva opens fran the vagina. The styli, which have a maan 

length of 0.54mm (Table 3.1) project as flattened plates posteriorly into 

the genital chamber fran their attachments to the herai.sterni tes and the 

genital chamber wall. A fringe of bristles also arises from their 

ventral surfaces near their :posterior edges and project ta,,1arus the 

opening of the genital chamber. 

The anus opens into the genital chamber dorsru.ly above the gap 

between the styli. On either side a thin rod-shaped sclerite is 

attached. to the wall of the genital chamber and orientated in an anterio­

posterior direction. Heymons (1930) calls these sclerites the "paranal 

pieees" but they are ternw the 10t11 tergites here since they are 

considered to represent remnants of the 10th tergum by Menees (1963) and 

Hieke ( 1966) . Tnese authors also note that they may incorporate part of 

the 9th tergum. 
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Figure 3.19 

The exta:-na.l genitali<l of the 
female C. 2ea:L andica 

A. Ventral view of the 8th sterinum ard dissecte::i 

out scla:-ites of the extet"nal genitalia 

B. Whole nount of the fanale rei:rc:rluctive Clt"gans 

an:1 8th sternum after rracer-ation with 

potassiurn h~oxide. Some of the fohl s l.l1 

the intima of the bur'sa copulatrix an:i 

ma:lian oviduct omitte::i fer clar'ity. Ventral 

view. 



VIII 

A 

Imm 

--- Hemistern1 e -1 IX 

--Rectum 

B 

Acces!.ory glands 

1mm 
Median 

Spermatheca -Bursa copulatrix 

Spermathecal gland 



108. 

The external genitalia of ferrcle insects in genercl arB simpler 

and less varied thcJ.I1 those of the ma.le (Ma.ckerras, 1973) and this appears 

to hold for the Scarubaeoidea. For exc:unple, the f er,rue external 

genitalia of C. zeaZandioa 1"8St::r.1ble those in the 6 representatives from 

the Scarabaeoidea described by Tanner (1927); Mewiontha meloZontha L., 

(Straus-DUrckhe:im, 1828); PhyUopertha hortiooZa L. and An01nal,a aenea 

Geer (Rittershaus, 1927); AmphimaUon majaUs(Razoum:Ms~ (Menees, 1963); 

and PhyUophaga anxia (Le Conte) (Berberet and Helms, 1972). Finally, 

it can also be noted that Tanner (1927) considered that the extern:il 

geni tulia of female Scarubaeoidea are amongst t"l-ie rrost hi8}1ly specialised 

of beetles, since they lack an ovipositor. 

The IIll.lsculature of the external genitalia of the female 

The only descriptions of the genital musculature of female 

scarabaeid beetles ure those of Ne'lolontha mcZoZontha L., by Straus­

Durc.khe:im (1828) and of AmphimaZZon majaZis(Razo1..JD1avski.)by Menees (1963). 

Menees (1963) narred the rnuscles as fur as possible according to their 

supposed function .:md this pra.ctice has also been folla..1ed here. 

Ventral protractat" of the genital chillnber (Figure 3.20 C). 

This is u. series of short fine muscle fibres which originate 

along the ventral wall of the vagina between the ventral tips of the 

he.IIlisterni tes and posterior to the accessory glands. These muscle fibres 

thr:;n run posteri01.0ly to join the 8th sternw:a near its junction with the 

ventral edge of the genital chamber. 

Ventre-lateral protractors of the genital chamber (Fi~ 3.20 B, C). 

These originate on t'le vcntro-lateral edges of the hemisternites 

and run posterio-ventrally as a pair of large muscles which inserts an 

tne 8th sternum near its junction with the latercil. walls of the genital 

chamber. 

Ventral elevators of the genital chamber (Figure 3.20 a, B, C). 

This is a pair of large muscles which originates in the middle 

of the lateral edges of the hemisternites clild runs dorserlaterally to 

join the 8th tergum near its lateral posterior border. 
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Figupe 3.20 

Muscles of the extet"nal genitalia of the 
fana.le C. aealandica 

(All muscles ar-e rane:i in italics, arrl the 
alrlani.nal muscles ar'e also irrl icate:i by dotte:i 
lines.) 

A. Dcrsal view of the female exte:-nal genitalia in situ, 

with ta;-gum 8 ranovw. Stet"rum VIII has been anitted 

fer CJ.a-> ity • 

B. The fenale exte:-nal genitalia. in situ, viewe:i :fran 

ante:' o -ventrally. 

C. The fanale extern:ll genitalia in situ, viewe:i £ran 

ante:-o-ventrally. The anter-o-ventral pcrtion of the 

vagira. has been cut off ranoving the median oviduct 

arrl b.Jr' sa copulatr ix. 
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:COrsal oblique protractors of the genital chamber (Figure 3.20 A, B, C). 

From their origins on the latercl edges of the h~sternites 

near their dorsal tips, these two muscles ri.m laterally to join the 8th 

tergum IIEdial to its junction with the ventral elevators of the genital 

chamber. 

Dorsal protractors of the genital chamber ( Fi[,rure 3. 20 A) • 

These originate on the dorsal tips of the hernisternites 

posteriorly to their dorsal oblique pr>otractor muscles :md run as a. pair 

of small muscles obliquely in a lateral direction to insert on the 8th 

tergum by its junction with the lateral edge of the genital d1Cilllber. 

lateral protractar'S of the vagina (Figure 3. 2o B, C). 

These are two laree muscles which originate on the ventral 

tips of the hernisternites anterior to the ventro--lateral protractors of 

the genital chamber. These IIn.1Scles fan out and join the ventral surfa.ce 

of the vagina and J;X)Sterior end of the :rrudian oviduct close to the ired.ian 

line. 

Ventral flexat"S of the bursa copula.trix (not figured) 

Each of this pair of muscles forms a dorsal branch of a 

lateral protractor of the vagina. It originates at the Sam-:! point as the 

lateral protractor but inserts an the dorso-lateral wall of the vagina 

close to its junction with the bursa copulatrix. 

Dorsal protractat"S of the vagina (not figured). 

This is a 1)3..ir of short muscles which originates on the dorsal 

tip::, of the hemisternites and runs posteriorly to insert on the dorso­

lateral walls of the vagina. 

Dar>sal muscular plexus of the va&a (not figured). 

This plexus ccmprises a thin mat of fine muscle fibres which 

either originate and insert on the dorsal wall of the vagina and run at 

varioos angles over its doreal surface or originate on its dorsal 

surf ace and insert near the junction of the bursa copulatrix. 
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Ventral llU.lscular plexus of the vagina (not figured). 

This is a..'1 incanplete sheet of longitudinally orientated fine 

rm.iscle fibres which originate arrl insert on the ventral wall of the 

vagina between and anterior to the accessory glands. 

Retractors of the median accessory glands (not figured) . 

Each of these originates on the anterior base of a median 

accessory glarrl and runs anteriorly a short distance to insert on the 

ventral wall of the vagina. They canprise two series of very fine muscle 

fibres which could alternatively be included in the ventral muscular 

sheath of the vagina. 

Anal muscles of the female 

Lateral flexors of the rectum (Figure 3.20 A, B, C). 

Each of these two long muscles originates on the ventral tip 

of a hemisternite, anteriorly to a ventral protractor of the genital 

chamber and inserts on two areas of the rectum. The posterior fibres of 

eac."1-i of these muscles run dorsally over the rectum and are attached to it 

me:iially am. dorsally; the anterior fibres branch fran the posterior 

ones when close to the rectum, run anteriorly along the rectum and 

attach to it laterally. 

:COrsal flexors of the rectum (Figure 3. 20 A) . 

These originate on the anterior tips of the remnants of the 

10th tergites and run anteriorly a.s two muscl~s which insert on the 

posterior dorso-lateral area of the rectum. 

Elevators of the genital chamber (Figure 3. 20 A) • 

These are medium size:i muscles which originate on the anterior 

tips of the lOt"li. tergi. tes, posterior to the dorsal flexors of the rectum 

and insert on the 8th tergum mediillly to the dorsal oblique protractors 

of the genital chamber. 

Dorsal protractors of the &eni tal chamber ( Figure 3. 20 A) . 

Each of these two small muscles originates on a 10th tergite 

posteriorly to an elevator of the genital chamber an::l then runs laterally 

to insert on the 8th tergum where it joins the dorso-lateral edge of 
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the genital chamber. 

Protractors of trie nnus (Figure 3. 20 A) . 

These canprise a very fine pair of muscles which originate 

close together in the dorsal mid-line of the genital chamber near the 

anus a1d r..ms parallel to the dorsal protractors of the genital cll.amber 

and inserts on the 8th tergum where it joins the genital chamber. 

Ibrscl constrictors of ti.1-ie genital chamber (Figure 3.20 A). 

Thuse originate laterally on the anterior tip.s of the 10th 

tergites and insert on the dorsal wall of t"l-i1:~ genital chamber anteriorly 

by the insertions of the protractors of the nnus . They are very srrru.l 

:rruscles. 

A canparison of the genital muscles of the fencle c. zealandiaa 

with those of t:ne melolonthinids M. melolontha and A. majalis as 

described by Stra.us-Durckhe.im (1828) and Menees (1963) respectively is 

given in Table 3. 5. These are apparently the only other female 

Scarabaeoidea whose genital m.iscles have been described, and the nan:Bs 

used by the original authors are given in Table 3. S. 

All three species have 6 pairs of genital IIBJScles which are 

easily hom::>lozised, and c. zealandioa has a further 4 which a.re not 

easily related to any in the other species. One of tnese, the dorsal 

protractor of the vagina can possibly be homologised with "le retracteur 

oblique de l'oviductus" and "la dilatateur de l'anus" of M. melolontha~ 

and the "short oblique elevator of the genital chamber" of A. rnajalis. 

In C. zealandiaa one end of the IlD.lSclc~ is attached to a spicule .JS 

apparently is "le retracteur oblique de l'uviductus" arrl "la dilatateur 

de l' a."1US" in M. me 7,,o lontha; the other end of these rruscles is attached 

to the dorsal surface of the vagina, the 10th tergite, and the rectum 

respectively. In A. ma.jalis tho "short oblique elevator of the zenitnl 

chamber" runs from the dorsal part of the c;eni tal chamber near the 10th 

tergi te to the median part of the geni tu.l et1i.amber and it therefore 

resembles "le retracteur oblique de l'oviductus" in M. meZoZontha. 

HaoJever, the honulogies between all these muscles are tenuous, and involve 

m:igr,ation of the attac:hmants so that they are perhaps more easily 

regarded uS being unrelated. 'The dorsal muscular plexus and ventral 





Table 3.5 

The IIDJScles of the female external g-enitalia of various Melolcnthinae, 

Species Costetytra zeal.andica (white) Msiotontha meioiontha L. Amphimall.on majatis Raz.o\J!Dwski 

Author- The present stuiy Straus-Durckheim (1827) Menees (196 3 ) 

Vmtral p:'Otractcr of the L' /\baissei.r du cloaqt.1e ((Ventral protractor of the genital chamber)) 

genital cr.2mber Le Rotateur du cloaque 

Ventre-lateral protractor of the L' flbaisseur de l'anale Ventral protractor of the genital chamber 
geni.tal charnbet' • inferieur-e 

Ventral elevatcrs of the genital L' 1:levateur de la piece lbrsal-oblique elevator of the genital cl>araber. 
chanti:er anale inferieure 

Corsal oblique ;,rotractar of L' Clevateur de la piece Da-sal elevator of the genital chamber 
the genital cham~ ana.le inferieure 

Drsal ;:retractor of the Le Retract eur (poster ieur ) Dcrsal-oblique retractcr of the genital chanber 
genital chamber de l 'anale 

Lateral µ-otractcrs of the ((Le col.lr't Retracteur droit La:eral protractors of the oviduct 
vagina de l'oviductus)) 

V01tral flexcrs of the bursa Le long Retractecr droit de Protractcr of the vagina 

~ copulatrix L' oviduct us 
u 

~ Ibrsal irotractors of the (( La Dilatatet.:r' de 1 1 anus)) 

t 
vagina ((Le Retracteur oblique de ((Short oblique elevator' of the genital chamber)) 

l'oviductus)) 

@ D:Jrsal muscular plexus of the ((Le Sphincter de la vulve)) Constrictcr of the vagina 
va£;ina 

Ventral muscular• plexus of the ( (Le :iplu.ncter de la vulve)) -
vagina 

Retra:::tors of the me::lian - -
accesscry glarrls 

I 

~,teral flexors of the rectum Le rled1isse1.r lateral du rectun Lateral flexcr of the rectun 

D:Jrsal flexor of the rectum L' N.>aisseur du r_ectum Depressor of the rectum 

! 
Elevatcrs of the genital L • Elevateir du cloa:t ue Elevator of the anus 
cha:71b~r 

D:Jrsal protractors of the Le Retracteur du cloaque -
genital cham.'>er 

' 

Protractor" of the anus - - ! 

~ Dorsal constricter of the - - i 
u genital chamber 

! 

~ - Le Transve,:,se du cloaque ((Constrictcr of the rectun)J 

\ i - - Da-sal constricter of the vulva 

- - Shcrt depcesscr of the vulva 

\ 
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plexus of the , :,..:. ,_J: c. zea1-aruiica are included fur canpleteness, and 

they are probubly i~.rg,:.;ly regarded as belonging to the internal genitalia 

by the other cJ.Uth c:. s0 that they are therefore not described by them. 

Possibly this is d.s;;_; tne case with any hornc.,luges which ma.y existfop tie 

very snail retract :cs of the median accessory glands of c. aea'lan.dica. 

Apart fr::r~ che three anal muscles sho,m in Table 3. 5 which are 

easily horrolog:i.sE.--d between the three insects, draving any relationships 

betrtleen all the ( thers is cliff icul t. The dorsal protractvrs of the 

gen.ital chamber -... '- C'. zea Landi aa ccrrespond to 11 le retracteur du cloaque" 

uf M. mew'lontha, but the prob."'actors of the anus, and the dorsal 

constrictor of the genital chamber have no corresp:mding muscles. "Le 

Transverse du clu3.que11 of M. meZo'lontha appears to correspcnd to the 

"canstrictcr' of the rectum" vf A. maja'lis, but the latter insect also has 

another twu muscles with no evident h0:rnvloges . Attempts to relate many 

of these anal muscles wculd involve recognising which rruscle attachrrents 

have migrated, and this is best left until enough sca.rabaeids have been 

investigated to sh& inte~diate conditions. 

Lastly it can be noted that, as a cc.,nsequence of t..11.e hemi­

sterni tes being derivatives of the 9th sternite, the nuscles which run 

frcm it to the 8th sewnent are intersegrrental in origin while the others 

which are attached tc it a.re 9th sternal muscles. 

The rrechanics of copulation 

The behaviour of the beetles during mating is described in 

detail in Chapter 4. Tne male is the active partner and searches for 

the fenale. When one is found the tegrIJ,=-n is usually extended su that 

the parameres arrl abwt a quart~r of the basal piece project pcsteriorly 

frcm the end of the abdanen. The male then mun ts the female clI1d 

eventually inserts his te§IlBil into her genital chamber, thus becoming 

firmly attached to her. 'Ilu.s attachment is so se~ that males are 

often carried abcut in spite of having lost tarsal contact with the 

substrate. 

The involvement of the nusculature of the femule is very much 

less than that of the rrale. It appears to be restricted to gripping the 

tegrnen between the 8th sternum and 8th tergum, using the sterno-tergal 

muscles. It has been suggested, h<..Wever, (Menees, 1963) that in AmphimaUon 
• 1 • ( [' ki) t} .I':: , ,·, • ~ c1 - • • ma.J a v1A! .<.azoUJTJavS - 1e .coma.& gcru ta.L 1arnDf.'l.~ u.x;cles u.ctivcly azsist the 
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tegmen to gr,ip. Hcwever, this sc.:i.rabaeid differs frum C. zealandica in 
that the male's par1umeres are fused to the basal piece and are therefore 

possibly not as efficient. In C. zeal,andica the paru:meres push up the 

walls of the f enrue 's genital chamber to form p::ickets dursally on either 

side uf the rectum. The parameres then hook int:_;; these when they are 

flexed anteriorly. 

The tegmen is extended to project out of the abd~n 

principally by its protractors although their action is assisted tc, a 

minor extent by the dorsal protractors uf the spicules, the oblique 

lateral abductors wf the spicules , and the ventral protracturs of the 

genital chamber. All these tend to ccmpress the genital chamber in a 

pcsteriur direction. The major action uf these latter nruscles is, 

hcwevar, the adjusurent vf the angle at which the tesnen is held and 

expansion vf the genital chamber, to facilitate extension of the temren. 

Straightening and W1twisting of the tegmen £rem its withdruWn 

IX)Si ti0n is acnieved by its oblique rc.:ta.tors and retractors. These act 

by pulling on the walls of the .:i.nvagination of the genital chc:miber. 

The protractors of the tegµien also automatically assist this movemmt 

when they contract because of their assynetrical attach.nent to the right 

han:l anterior end of the basal piece. This attachrrent also tends to 

C()unteract detortiun during the final stages of evertion. 

Insertion of the parameres into the female is assisted by 

their being swung posteriut'ly thruul?).1 an angle of 30° to 40°. This 

results from the action of their dorsal extensc.:.,r muscles. Once inside 

the fe.rnale genital chamber they are swung ventrally and slightly 

anteriorly by their ventral flexors which act by pulling on the genital 

chamber wall where it lies ventral to the temn,en and attaches to the 

bases of the pararreres. 'The para.'ner'es then hook into and gdp the 

female and their actiun is further assisted by the basal piece which is 

held at a slight angle ventrally. The basal piece is held firmly by the 

oblique lateral rotator and lateral retract(..,'I" muscles and by the tergo­

sternal muscles of the 8th abdominal segrrent which tend to trap the 

teenen between the sternum and tergum and act as a fulcrum for the :m::,re 

anterior muscles to act abc:ut. 

The gr-ipping action of the para100res consists entirely of an 

anterio-pcsteriOt' m . .Nemant; they du not approximate their ventro.l tips 

in a scissor-like action because they arie net equipped with muscles to 

do so. H&ever, the IIEdial point of attachmmt of their dorsal 
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extensors dces tend to rotate them and close their tips when they are 

swung posteriorly. This assists t'teir entry into the female u11d exit 

from the nale. 

Once the temnen h.:is been inserted into the fernale,intrvnissim 

is accanplished by the rre.le everting his internu.l sa.c into the bursa 

copulatrix. The internal sac expands to completely fill the bursa 

copulatrix althwgh frequently the space is sarewhat restricted distally 

by old spe:nnatoi;::oores that have shrunken and hardened. The new 

spermatophor>e is then prioduced completely enclcsed within the internal 

walls of the internal sac and when this has been canpleted the internal 

sac opens p:)Steriorly and slightly ventrally as its walls are retracted 

dar>sally and pcsteriorly from between the sperrnatophore and bursa 

copulatrix. 

The follc:wing account of the rrechanism by which the internal 

sac is extended is largely speculative since f6N of the JIDJScles concerned 

act on rigid scleri tes. It is, hc:wever, JroSt probably accanplished by a 

cOTIDination of its c:wn muscular moveIIE11ts and by hydrostatic pressure 

fran fluids p..nnped into it. The muscular moverrents probably consist of 

peristaltic waves of contraction brought about by the :rruscular sheet which 

lines the internal sac, but these movements have only been observed in 

living material dissected. under Clarke's insect saline, Under these 

conditions the peristaltic waves are initiated at the posterior lip of 

the internal sac and pass anteriar'ly over its surface, one at a tinE, as 

narra-1 ripples. As each contraction passes under the spines covering· 

the outer wall they are marrentarily raised and swung to point anteriCir'ly 

bef are resuming their nonnal pcsi tions facing pcsteriorly. If these 

actions also occur during intramission then they pcssibly assist by 

levering and griipping. While the internal sac is being extended fluid 

is µimped between its inner and outer walls f--rom the space between the 

ej aculatary duct and the rruscular sheath sllr'r'Ounding it. This movem:mt 

of fluid is caused by contractions in the rruscular sheath which coostrict 

its diameter and also canpr>ess it lenethwise anteriorly to the penis 

sclerites. A small amount of campressioo in the posterior region is also 

brought about by contractions of the dorsal protractor muscles of the 

penis which attach to the anterior' end of the two sclerites and bend it 

ventrally whilst also sliding it posteriorly a small way within the 

te&n,en. The short first connecting membrane, hc:wever, prevents the penis 
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from beine slid out of the tegunen. Final expansion of the internal 

sac within the bursa copulatrix is me.st probably assisted by the senen 

and sperma.tophore precursor fluids being pumped into it fr-an the 

ejaculatory duct. These gel to form the spermi).tophore before the 

internal sac opens and is withdrawn. 

Withdrawal of the internal sac is accanplished by contractions 

of its retractor muscle, which pulls it into the muscular sheath, arrl 

the penis retractor muscle, which pulls the penis and the ventral edge 

of the internal sac into the b<JSal. piece. In addition, retraction and 

folding of the internal sac is pr<.Jbably also assisted to sane extent 

by its muscular lining, cJ.I1d GSpecially by those fibres which~ 

orientat..;;d loncitu:iinally in it. 

Withdrawal. of the tegpen is accanplished after relaxatiun of 

its protractor muscles a.rrl ventral. flexors of th.e pc:irameres . TI1e 

retractors of the tegnen and its oblique rotators then pull the 

invaginated wall of the genital chamber :i.rward fullcwed by the te~e..n. 

However, in order for the te8}11en tv be withdrawn it must first twist and 

rotate because the parameres project ventrally from the basal piece a.rd 

they canrKJt be swung posterivrly very rruch. At the same time the 

assymetrical attachment of the tegµen protractor IID.lscles impurt a 

torque as they ar>e being stretched ensuring that the te£:YUen rotates onto 

its riE?Pt-hand side and twists to its left. TI1is action is alsu probably 

assisted by the sli!#ltly uneven action of the tee;nen retractors arrl 

oblique n:.,tators. 

The funct3-onal significance of the external genitalia of the 

male can n:M be appreciated. The apodeme between the spicules is 

stiffened to take OJ11pressive and rotative f<Jrces from the retractors 

arrl oblique rota.turs of the tegmen while the tapering apodeme dorsal to 

it and anterior to the 8th sterni te remains thin walled since it only 

experiences tenstion £ran the protractors of the te8Jllen. The inverted 

shoe-hum shape of the basal piece forms a rigid tube for supporting 

the beetle and formine a strong attachment to the female while it is 

exparrled anteriorly to farm an attachment for its extrinsic an:l intrinsic 

ImlScles, especially the large ventral flexors of the parameres which 
are responsible for attachment t0 the female. On the uther hand the 

penis is reduced tv thin sclerites which provide struts from which the 

retractor of the internal sac can a.ct while at the same time allcwing 
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the muscular sheath of the ejaculatory duct to constrict to evert the 

internal sac. 

The mechanics of copulatioo in t-i,,e Scarabaeoidea have been 

pr>eviously described in full only for A. ma.jaiis by Menees (1963). 

The basal piece of this insect undergoas similar moverrents to t11at in 

C. zeal-andioa, brought about by car>responding rruscles (listed in Table 

3 • 3) . The paraIIEres in A. ma.j a Us are fused to the basal piece and this 

is divided into anterior and posterior parts. During copulation the 

anterior part is bent dorsally by the "dorsal and ventral flexors of 

the phallobase" and this functions, presUJIBbly, in aiding attachment 

to the female. T'~erefore, despite this strucD.Il'.'al difference, ti'l.e 

tegrren of A. ma.jaZis is still operated by corresponding muscles in a 

similar fashion to that inc. zeaZandiaa. In contrast, hcwever, the 

anatorcy of the penis and ejaculatory duct in A. majaZis shew rna.jor 

differences to these in c. zeaZandioa, and t11e irechanism by which the 

internal sac enters the bursa copulatrix is very different. :Menees 

(1963) attributes this to "paired protractors of the endophallus" which 

p.ill this chaTI'lber posterior to the "phallot:rene opaning" (the opaning 

between the pararreres) . Seminal fluid is then squeezed into the bursa 

copulatrix by the combined action of the "flexors of the phallobase, 

retractar>s of the aedeagus and retractors of the endophallus". 

The mechanics of copulation have also been briefly described 

for PhyUope:rtha ho:r>tioota L. and AnomaZa aenea Geer by Rittershaus 

(1927) and shew sone similarity to what occurs in c. zealandioa. In 

P. hor-tiooZa and A. aenea the copulatory apparatus is shifted to the 

right when at rest and IIll.lSt be turned through 90° to function. There are, 

hcwever, only two IIll.lScles, the "Protrakton:m der Rutenkapsel", which 

attach to the connecting nernbrane or wall of the genital chamber to the 

right of the tegrren and insert on the spicules . The left muscle of 

this pair is responsible for twisting and pulling on the tegiren to protact 

it, while the right only pulls it. These muscles may also assist in 

retracting the tegrren sinc-e specific retractors are lacking. The 

paraneres are also fused to the tegrrEn and there are no muscles for 

bending or stretching them although they are moved p:issively when the 

inner sac is advanced. This is achieved as in C. zealandioa by bloo::i 

pressure within the "RingtrB..J.Skelschicht" or muscular sheath. Accanpanying 

this is a :i:.~hythmic pumping nvvenent of the ventral plate against the 
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tegmen. After introrni.ssion, the inner sac is withdrawn by contraction 

of the "Retraktoren des Inneren Sa.ekes". 

The anatcmy an:i m:..ivenents of the rnuscular sheath, penis, an1 

internal. sac i."l. Phy Uophaga a:r,,;:;ia ( Le C.mte) as described by Bcrberet 

arrl Helms ( 19 72) are a.J.m::)St identical to that described above for 

C. zealandiaa. Berberet iJ.I1.d Helms (1972) term i:hli.! rruscular sheath the 

"erection-fluid puITg?" arrl cvnsider that it acts in the follCMing manner 

during copulation: " ... the fluid contents of the erection-fluid pump 

are forced into the aedeagus by oontracti:Jn of the pump, which results 

in eversion of the end0phallus into the genital chamber of the female". 

In addition, t:11.ese authors describe a retractcY' muscle within the 

muscular sheath ~f P. a:nxia similar tJ that in C. zeatandiaa c>.nd report 

that its function is also to retract the internal sac after formation of 

the sper:niatophore. 

Finally, it can also be noted that the basal pieces of 

Melolontha melolontha L. and Geotl'•upes ateraorosus Scriba are also 

probably protractli...>d and retracted in a similar manner to those in 

C. zealandiaa, but this is unly speculation drawn from the anatomical 

descriptions given by Straus-Durckheim (1828), und Hieke (190J) 

respectively. Rittershaus (1927) notes that to effect copulation the 

parameres of M. me lo lontha are II1Dved against each other and t½ey are 

actively p.miped rhythmically up and dam while being inserted into the 

female. The functiunine; of the parameres in G. s teraorosua is not clear 

althcugh according to Hicke (1966) they pcssess muscles for movins them. 

The ejaculatory duct of G. ate:i:>aorosus was not treated by Hieke (1966) 

but the aedeagus and ejaculatory duct of M. melol,ontha W.JS described by 

Straus-r:iirckheim (1828) anJ. they are very similar to the corresponding 

structures in C. 2.eala:ndiaa. It is therefore pr>cb.Jble that eversion of 

the internal sac is accumplished by a similar rrechanism. One 

anatanical difference between C. zeala:ndiaa and M. meloZontha is that the 

two penis sclerites in Li.1. meloZontha bend ventrally ancl fuse to fc.nn a 

ventral strut which projects out of the tegrren anG. th.is mc1.y be of direct 

assistance dur'ing intromissicn. 



QIAPTER 4 

Hating and flisht behaviour of C. zealcoulioa'> 

and the environraental factors 1:nat affect them 

Intrcduction 

The initial aim of ·this investigation was to develop a 
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lalxratcry bioa.ssay fer the sex attractant of C. zea'landioa using 

behaviot.tr'al responses of the males, an:l then to use this to locate the site 

of pherom:me rro:luction :in the female. A JmowlEdge of mating ard the 

corrlitions un:ier- which it OCCLit:'S wETe ther-efare basic to this wcrk but 

tha-e was little detaile:l infermation even t'lough researich had been 

carrie:i out fer sane year's on the sex attractant of this beetle. 

It was well establishe::l that the cdult beetles are active 

above gr,oon:i at dusk am. d~mg the night. They have been repcrte:l to 

fly at dusk usually fer less than an hcur' but possibly f<r up to a few 

hour's arrl then to alight an:l fee::l on the foliage of plants whe:-e they may 

rerrain fer sane hOllt'S er even continue eating all night (Connell, 1933; 

Helson, 1967; Hilgen:ia:~f, 1902; Kelsey, 1952, 1968; Miller-, 1921, 1924; 

Moo:lie, 1911; Osbcrne arrl Hoyt, 1969; Ra1cliffe an:l Payne, 1969; Thara.s, 

1913). Sane of the beetles may fly again at dawn (Hilgerdcrf, 1902) but 

dllt'ing the day they all burTow into the soil O'.' hide under> dense foliage, 

rocks er other objects (Cockayne, 1911; Miller-, 1924; C.onnell, 1933; 

Kelsey, 1951; Helson, 1967). Few autha:'s, ha'7ever,, note when mating 

behavior an1 copulation oc~llr': Thaaa.s ( 1913) sanetimes obserive:i pairing 

on the evening of the flights, Mi llE'L' ( 19'24 ) nota:i that it usually 

occurTOO. aftet' the beetles hcd settle:l ard. Henzell et at. (1969) mentione:i 

that ma.ting occurred at dusk when ther;ie was still sane light. Copulating 

beetles have been foun:l on foliage after the flights (Kelsey, 1951; 

Osbcrne arrl Hoyt, 1969) an::i Kelsey (1968) foun:l that mere than 99% of the 

females collecte:1 £ran the gr,ourrl an::l plants during the hOl..lt' after the 

flights ha:i mate::l. Beetles have also been obsec've::l attanpt:ing to mate 

with "Plioborrl" a:lhesive fer up to twee hol.lr's after- the beginning of the 
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flights (Osbcrne an:l Hoyt, 1969) so p:>ssibly males can begin to mate with 

females dur'ing this perio:l as well. In addition, the :infcrmatioo 

referToo. to below often carries the implication that sexual behavia..Jr' 

ocOlt's at dusk. 

Mating in c. zealan.dica has not been c.escdbei in detail yet 

even thrugh Henzell et aZ. (1970) deset"'ibe:i a behaviout"al bioassay in 

which they ref erToo. to the responses of males to a dummy containing an 

active fraction as "attempting to copulate with it ... er with one 

anothe'."". The following obser>vations have, ha-lever , been p..1blishoo. : 

Males will attempt to mate with crushEd er sectione:i fe-na.les (H~zell et aZ~ 

1969 1 1970) but they will not attempt to mate with females that have been 

drie:i cr washe:i with liphl solvents (Osbcrne arrl Hoyt, 1969). Live 

female beetles often attract two cr thriee an::1 sanetirnes rra:,e males 

(Kelsey, 1967) an:i it has been sha-m by Vcl!'ious authcrs that the fenales 

use phenol as a pher-amone an:l that the males are attracte:i to it by either:>. 

flying a'."' walking ( see Chapter> 1). Phenol will attract males an:i irrluce 

them to attempt to copulate with other males, paraffin dummies, drie:i 

beetles stuck dc:Mn wi th"P liobon:::l'' a:ihesive ard small pieces of drie:l 
11 Pliobon:l'' (Osbcrne an:l Hoyt, 1969, 1970; Henzell et aZ~ 1969). Copulating 

beetles have been fa.m::i par>tially er completely bllt'ie:i in sarrl (Fenemcre 

arrl Per:Tott, 1970); on er pat:'tially beneath the soil, within the litter:­

layer-., arrl on the walls of an insectariy (Ra:lcliffe an:i Kain, 1971); in 

tur,f an:l pastut"e (Kelsey, 1951; Ra:lcliffe arrl Payne, 1969): arrl on trees 

(Osbcrne arrl Hoyt, 1969; et seq.), haiges .. an::l. shrubs v-lher:>e they can be 

very aburrlant (Kelsey, 1951). Beetles have also been fourrl to ffi3.te when 

both sexes wet'e collecte:i together> in a net er kept together m a 

conta.ine'." (Kelsey, 1951). 

In::liv:idual beetles have been obser-ve:l to emer:>ge fran the soil, 

mate, fee::l and tunnel back into the soil each night over a pet>iai of up 

to 32 days (Kelsey, 1951). After- emE!l:'g.ing fran the soil males usually 

fly after:> restin.; fer a sho::t time an the swface (Fenerncre an:i P6:"'r'ott, 

1970) but the behavia.ir of females changes with the:ir age. Initially 

they mate close to the:ir ir .iJnar:,y erneri gencc sites (Kelsey, 1951; Fenerncre_, 

1966; Rcrlcliffe and Payne, 1969, et seq.). They almost invar>iably remain 

stationary on first br'eaking tlrough the swface (Fenemcre an:i Pa,rott, 

1970) arrl then mat.ing usually occl.lr's withm a few mi,'1utes (Fenemcre, 1970). 

After' cop..ila.tian they bur1rcw beneath the soil again without fee:i:i.ng cr 

flying arrl lay their eggs (Radcliffe an:l Payne, 1969; Fenerncre arrl Per:Tot t, 

1970). On subseg_uent erner-ge.nces the females may fly ard eat althcugh 
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sane unma.te:l females may fly with those that have laid the:ir eggs 

(Ra:i cliff e arrl Payne, 1969) • Kelsey ( 19 68) also f rurrl that most females 

that fly have aJrca:iy rnata:l althcugh he observe:l that if they rm not 

rrate:l by the time they ha:l clirnbe1 pasture plants they invar-iably flew to 

trees wherie mating then occurre:l. (Kelsey, 1951). klditianal evidence 

that females do not fly an their f:irst emet:'gence was obtaine:l. :!ran the 

slow reinfestatian rates of .plots clear>Erl of lar-vae (Fenemcre, 1965, 1970) 

arrl this is also one possible explanation f<r the variiations in the 

p::'Opa:'tions of males an::l females caught on foliage which range from less 

than 25% females (Kelsey, 1972) to app:ioximately 509& females (Kelsey, 

1968; Radcliffe arrl Payne, 1969) even though the true sex ratio is close 

to 50% females (Farirell, 1972). 

This change in the behavicur of the females is also shCMn in 

the seasonal flight patterins; flights early in the season consist aJmost 

entirely of males (Fenemcre, 1966; Fenemcre an:l Per'I'ott, 1970) althoogh 

thet'e is no evidence from soil sampling er emergence cages that males 

develop ear> lieri then females (Fenemcre, 1966). Kelsey ( 1951), h:::weveri, 

note:l. that :rrales emer:1gro earaliet"' than females althoo.gh this conclusion 

may have been drawn from his light trapping reca:ids which showe::l that the 

catches usually containro less than 5% females dllr'ing the earily half of the 

ema-gence paiiais but that the pericentage then :inC'r:'ease::i CNeri the last 

half until they amounte:l to near>ly 25% of the total collections. It 

appear>s, ha.Jeveri, that males at:'e caught most frEquently m light traps· 

(Helsoo, 1967; Kelsey, 1968) arrl that light traps do not give a reliable 

:i.n:iicatian of the beetle nurnberis er> of the sex ratio of the emeriging 

a:lults (Kelsey, 1968). 

In a:ld i tion to these seasonal changes , males also begin to 

emerige arrl fly earlier> in the evenings than do the females (Kelsey, 1951; 

Fenemcre arrl Perirot t,+970) arrl it has been suggesterl that this contributes 

to females being mata:l arrl laying their eggs near:' their emerigence sites 

after, emeriging f<r the first time (Kelsey, 1951; Fenemcre~ 1966). 

Nothing has been publishe::i si;:ecifically on the environmental 

con:iitions urrler which mating occur's although ther'e is sane data in 

relation to flight arrl emer>gence. These ar-e disrusse:i herie because of 

their association with mating. 

The beetles usually fly close to the gpoun:i (Miller-, 1924) but 

have also been fa.m::l to alight on trees (H ilgen::lcrf, 1902; Kelsey, 1951; 

Osbcrne arrl Hoyt, 196 9) • They fly in any d :i.r ection when the win:l speerl 

is oola-1 54m par minut2 md invD.riably up;,1ind wh8n it io up to about 27Cm 
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per minute (Kelsey, 1957, 1968). Cold and windy weather see.IIG to be 

unfavourable for flight (Miller, 1924; Connell, 1933; Osborne and Hoyt, 

19 68 ; et seq.) and in Canterbury large flights do not occur if the 

temperiature is lcwer than 9. 4°c, during light or heavy rain, or if the 

wind speed exceeds 160 to 270m i:er minute (Kelsey, 1951). Flight is 

significantly carrelated with increasing tempei"'ature and w creasing wind 

speed (Kelsey, 1968) althougi sore beetles rna.y fly on any nights even in 

adverse weather (Kelsey, 1951). Flight activity is reduced cri m.::x:nlight 

nights (Connell, 1933; :Miller, 1~4} c111d KeL:2y ( l1b8) 

considered that the females would be influenced by the intensity of 

moonlight and might fly uWay from it although he found no evidence of 

this in a field oviposition trial. Wind and te:mpcrature influence 

emer.e;ence but to a lesser extent than they do flight; beetles emerge 

when the gr,ass temperature is dam to 2. 2°c and the wind speed is as 

high as 9 65m per minute but high day temperatures, relative humidities 

and rainfall dut'ing the day do not appear to have any influence on 

errergence or flight (Kelsey, 1968). 

As none of thl.3 above studies have been sr::ecifically designed 

to provide detailed infom.ation on ma.ting, it was necessary to investigate 

it more fully in the field before establishing a laboratory bioassay. 

This work was directed pPirnarily ta,.rard.s acquiring basic i."1fornation on 

sexual behaviour, including the~ of day and the envirarurental 

conditions when ma.ting occurs. Sarre aspects of flight were also studied 

recause of its association with sexual behaviour and this included t~e 

use of sticky traps for demonstrating the arrival pattern of flying 

males to an attractant source and whether the position of the females 

on the vegetation in the field affects their relative attractiveness for 

males . Solutions of pure phenol were used as the attractant in these 

sticky traps in preference to female extracts because phenol is 

ccrisidered to be the pheromone (Chapter 1) and knavn quantities of it 

could be applied consistently, whereas female extracts could vary fn:rn 

batch to batch and moot probably change chemically with tima. 



Metha:ls 

Most of this investigation was concel'.'ne::l with the behaviOllr' of 

beetles that flew near an::l settle::i on a 2 m high he::ige of Berbflt'i-:_, 

vu'lga:Pis L. (Barberry) dividing two fi~lds a., Hr· (l.C. Gocx:ihue's farn near 

Hamilton (Chapter- 2). This he:ige was chosen because it was notoo that 

beetles became concentrate::i on top of it every evening when flight 

occurr•e:3.; an:i its length an::l. unifcrmity allowed replicate e~iments to 

be perfcrme:i along it sinultaneously. Observations wer>e also made on the 

beetles when they wer-e on the gr:>cun::l er on other plants both at this 

location an:l o..-i t'C' T. O' Regan's farm near Te Awaimtu (Chapter' 2). 

The beetles could usually be obset"ve:i in the· dim nat\Jr'al light 

when they wer-e an the he::lge by moving one's position until the beetles 

We:'e silhouetted against the sky. This couJd not be done, however, with 

beetles en the gpa.m:l er on pasture plants an::l ther-ef cre ar:1tificial 

lighting was use::i ffiOl'.'e fre::iuently in these positions. Ar>tificial 

1 ighting was irovide::l rrostly by a tcrch although sometimes a darkr-oan 

safe light fitte::i with a 100 W bulb arrl a Kaiak 1A filte:' (re:i) werie 

also use:i. 

Photogriaphs of the beetle's be.havia..tr' wer-e taken with a Nikon 

F camet'a fitte::l with a Micr'o-nikker 55 mm F. 3. 5 lens rnounte::l on an 

aluminium suppa:'t next to a Zeiss Ikairon Sl electronic flash (Figur,e 

4.1). kn L-s.hapa:i frame was mounte:i in front of the cama:>a :in such a 

way that the arms of the L lay along two of the e::lges of its field of 

view to aid photOgt'aphy in dim light; a reflecting plate was also fitte::i 

to the L-frame so that the subject was illU!Il.llla.te::i from both s.ides. 

The cameria was then µief ocused to the frame an:i the ·output of the flash 

was a:ijuste::l by taping tissue paper' over it until the maximum depth of 

field was obtaine:l fer the fiJm used. Photographs we::>e then quickly 

arrl aceur'ately taken after composing the subject within the ar'ms of the 

L-frame. 

The time spent by the beetles in copulation was deta:>mina:l by 

collecting pairs of beetles from the he::lge, placing them in a covere::i 

cquar:1ium on the grass near>by an::l then examining them at inta->vals of 6 

minutes er less using a tcrch. All the copulating pairs wa:>e collected 

within a thr'ee minute perio:i fran a region of the he::ige rreviously 

cleai:'e:i of all copulating beetles to enSur'e they had all mate::! at 

abrut the same time. 1he aquarium t11ey were placed in was pr<,vided 
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Figure 4.1 

'Ihe equipm::mt used for c~ose-:-up fhotograi:ny 
of c. zeal,andiaa adults in clim light 

The Nikon F. carrera was pref ocused to the plane of the 

Lr-shaped aluminium frane and the output of the Zeiss Ika:tron Sl 

electronic flash was adjusted by taping tissue paper over it 

to obtain the maximum depth of field in the photographs. Subjects 

were photographed when the arms of the L-frane were positioned 

around them. 

A sticky trap used for investigatine 
attraction of C. zealandiaa in the field 

The surfaces of the black cardboard strip and inside of the 

plastic lid were coated with "Stickem special" to snare any beetles 

that alighted an them. The short length of P.V.C. tubing on the 

end of the handle was used to push over the top of a piece of 

dG1el previously IX>5itianed in the field, to set the trap. 
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t---t 
1 cm 
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... 
c::::> 

□ --

sample disc 
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l-----------1 25 cm diameter 
dowel 

----PVC tubing 

flashgun 



126. 

with 1D freshly cut shoots of bar'bet'ry an:l l:ine:i with blott:ing paper 

so that the beetles cwJd walk about <;;.ltd eat. 

Samples of copulat:ing beetles were also taken at different 

times at night to investigate what happeno::l :internally while they 

cop.ilate:i. F.ach sample was taken by knocking abwt 10 copulating pa:irs 

off the he::ige arrl :into a Dewar flask of l:iquid nitrogen an:l subse::iuently 

sta:'ing then in netting bags un:ier liquhl nitrogen until they wa:>e 

iranspcrte::1 back to the laba;,ata:'y. The frozen beetles were then 

droppe::l into abwt 1 liire of boiling alcoholic Bouin 's (Hum.ason, 1967) 

fa:' abrut 1 minute arrl dissecte::i 1..Urler' coJd 70% alcohol. 

Changes in the relative numbers of beetles that flew dllr'ing 

the dusk flights wet"e deter-rnine::l by taking flash photographs of a small 

region of he::ige at intervals dur'ing the dusk flight pericrls. The camera 

was mrunta::l. an a gatepost in such a way_ that it pointe:1 along the he::ige 

an:l the electronic flash was set 2 m from the hedge an:i 2 m above the 

groorrl so that it illuminate:i a sha:'t length of the he::lge next to the 

gate. The flash rutput an::l the camera wer·e adjuste::1 so that any light 

from the sky d:id not affect the film to P.nsure that the image photographe:i 

was only illuminate::1 by the flash. The top an1 side of the he::lge an::l 

any insects flying neari it wet1e thErefa:'e silhouette::i against a dc3J::'k 

backgt'oon:l in the photographs (Figure 4. 2) an:l this enabled the beetles 

to be easily identifie:l an:l counte::l. 

The sticky "traps WE!t'e use::1 to determine the relative numbers 

of beetles that were attracte::l to phenol solutions at different times er 

at diffet'ent positions in the field am. to test whether beetles er their 

extracts wec>e attractive er not. Usually sane of the iraps Wet'e baited 

with samples arrl the rema.irrler were baito::l as blanks so the atiractiveness 

of the samples cou]d be f ourrl by canpar ing the nurnber-s of beetles caught 

in sample arrl blank traps. 

The var irus samples use:i .:in the traps wer-e 50 µ]_ er lOQ_ µl of 

phenol solutions, 1 ml of a beetle extract in an crganic solvent, 

criushEd whole beetles, arrl live beetles. All the liquids werie applied 

to discs of Whatm3n see:l test paper> 13 nm in diameter so that they couJd 

be place::i an the iraps, while the beetles Wet:>e crushed between filtet:1 

papers ani the live beetles werie containe::i within br>ass gauze cages 

20 mm long an:i 20 mm in diametet:>. The ccrrespan:iing blanks use::l with 

these samples wer.~e 50 µl er 100 µl of wata>, 1 ml of the Ct:'ganic solvent, 

clean filter papa> er empty cages. 
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Figure 4.2 

Two examples of the photographs taken to 
determine the relative numbers of 
C. zeala:n.diaa flying 

The upper photogra:µ1 was taken at 1914 hours on the 5th 

November, 1972 and the laver one two minutes later. They shew 

the top and southern side of the barberry hedge as illuminated 

by the electronic flash (near pcsition A in Figure 4.3). 

c. zea'Lcmdiaa are iniicated by white arra-ts and rnmerous snail 

psychodid flies appear as sm3.ll white spedcs. Moths were also 

occasionally :rnotographed but are not shavn here. In practice 

the number of flying beetles was determined directly fran the 

negatives by examining them under a binocular micrcscope at la-, 

rragnificatian. The size, shape, and especially the raised 

elytra, when visible, enabled the flying beetles to be clearly 

distinguished from the other insects. 
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The phenol solutiais ,;,.,ere freshly prepared each fcrtnight fran 

"Analar'' i:nenol and glass distilled water and the extracts of beetles 

were made with "Analar" chlcrof a,;n or ttAnalar" diethyl ether the sama day 

they were used. Each extract was made by dI'opping 100 male or female 

beetles that had been collected the previrus evening into abcut 50 ml of 

the solvent and then gc,inding them up in it. 'Ihe solvent was then 

filteroo through a Pyriex number 3 sintered glass filter ard the remains 

of the beetles were recovered, ground up in solvent again and filtered. 

'This was repeated t.lu'ee timas and then all the solvent was concentrated 

to abrut 5 ml in a rotary evaporator at less than 40°c and under reduced 
pressure. 'Ihe final extract of 10 ml was then n:ade up by adding the 

required amount of solvent to the concentrate. 

'Ihe sticky tra~ were made fran the plastic screw-en lids of 
1 litre plastic jars with sharpened stainlass steel spikes projecting 

fran the centres of their inner surfaces and with wa::xien dcwelling handles 

fixed to the centres of their outer surfaces (Figure 4.1). Irregularly 

twisted stri:i;:s of black cardboartl 0.5 nm thick and 25 nm wide by 105 nm 

long were threaded CNer m::st of the lengths of the steel spikes leaving 

the sharpened points expooed for impaling the samples. 'lhe catUboaro 

striP3 an:i the insides of the lids were coated with "Stickem specia1111• 

Shat."'t lengths of P. V .C. tubing were fastened to the erds of the handles 

so the traps cc:uld be set quickly by pushing the hollcw ends • of P. V ~ C. 
tubing CNer the tops of dcwels previously pooitioned in the field. • The 

irregularly twisted oardboa:n:l strips therefore projected ui:waros when the 

traps were set and resembled shoots of vegetation in outline. • When not 

in use or- during transpcrtaticn, the lids of the sticky traps were 

screwed into their plastic jars so that the sticky surfaces were enclosed 

and any beetles m them were protected against accidental loss. 

Fifteen of these sticky traps were used in.1971 and 25 

were used in 19 72 but this was the maximum number that could be 

oparated simultaneously. The pcsiticns occupied by the traps in the 

field are shewn in Figure 4.3. '!hose positicns alaig the south side 

of the hedge were pernanently established by fastening dcwels ooto 

fenceposts bordering the hedge. These davels were initially adjusted 

so that the tops of the traps were level with the top of the hedge 

and the hedge was then cut back to its original height fer n¥Jre 

l. Michel & Pel ton Co. California 
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Figure 4.3 

Map of the field in which C. zeal.arzdica 
was caught in sticky traps. 

The traps wer--e set in the pa;i tions irrlicated by circles. 

Tnese pcsitions are identified by letters. In addition, a rc1,1 

of Macrocarpa trees (Cupressus macroaa:rpus Gord.) aba.lt 6 to 

lQn high ran alcngside the road in 19 71, and these were cut 

cbm before the beetles began to ~rge in 1972. 
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than 1m on eitha> s:ide of the traps wheneva:- it grew abcut o. 25 m 

higheri than the traps. The otheri • trapping positions werie µ:,epared each 

time t'!ey were nea:ie:1 by driving da,mls of the re::iuire:1 lengths into the 

gr'amd. 

The traps were only set on eveni11gs w11en the win:i did not bla,1 

directly frar, one trapping position to another in case the sarnples 

inte.l'.'ferrEd. with each other'. Usually the traps were ari.--.ange:1 in 

repeating sequences of samples am. blanks when they werie put rut in the 

fieJd but they WE!:'e move:i along one posit::.on when they WE!r'e set an 

subsaiuent ev~1ings so that traps with the same baits were not set in the 

same position each tirae. This ma:ie the application of the samples an:i 

blanks much sirnpler so that the traps could be prepared just before 

tl1ey Here set. 

Liquid samples and blanks wcr1 e always applie:i to the traps in 

the f ieJd just befa.,e they werie set to ensl.lt'e that they did not dry up 

befcre the beetles started flying. Phenol solutions ard water> blanks 

werie dispense:1 ~11ith a 100 µl miCl'.'osyringe 1 am. the extracts of beetles 

arrl solvent blan,1<s werie dispens€d with an autanatic pipette 2 in multiple 

applications of O .1 ml allowing t:i.rne f c;r, the solvent to dry between each 

application. Crushe:1 beetles we.re also µ:,epartrl in the fiekl bef cre 

they were put on the traps but live beetles werie place:l in their cages 

in the labcratcry am. transpcrta:i to the f ieJd in theri1. When live 

beetles were use:1 in the traps these wer'e Get out between 30 to 40 

minutes befcre the start of the flights to allow time fer the beetles to 

settle dam. All other traps wei:>e usually set a few minutes bef cre the 

first beetles starte:1 flying althcugh occasionally this was done when up 

to a dozen cr so W8!:'e alr>ea:ly flying. Once the traps were set they wei:>e 

then left alone until the en:l of the flights unless otheriwise state:i an1 

they were only removed when no mere beetles could be see.ri er heard flying. 

Befcre removing them plastic jar>s wer>e scriewe:1 onto the traps to contain 

any snara:i beetles as desa>ibe:1 above; then they werie taken back to the 

J.abcratcry where the beetles wer:>e rcmovoo, cleane:1 with ker•osene so the:ir 

sex ccuJd be determine:1 am. then counte::l. After' this the traps wer-e 

p:'epare:1 fer future u.se by eitheri replacing the"Stickumnremove:i with the 

beetles er canpletely cleaning them in kei:>osene f ollcwa:l by hot wateri 

an:i deter-gent and fitting new cardboard strips wit, fresh11 Stickum1: 

Ha,1ever-, this cleaning was only done once every 7 to 10 days bec<1.use 

1. Hamilton miet1olitei:> sy.r,inge, Hai11iltcn Comp&1y, Califcrnia. 

2 • Schar1z Ma.rm Biopette, NE:.-w Ycrk. 
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psycha:.li.d flies becarre snared in the traps had started to rot and snell. 

Meter'ological data was reccr<le:i during the peak periiais of 

flight activity er recar:'d.e:i continuously while the beetles Wa:'e being 

obserive::l. Tempa,ature was taken at gr:ass height with a mericut'y 

therimaneta:' er a thet'mohygrogpaph1. ~Iumid.ity was also taken with the 

therimohygrograph er with a wet an::l dry bulb thet'rrometa:' swung above the 

grass. Light intensity was taken with a lux meter' 2 erientate:i ve:1t:ically 
3 upwar'd an::i wirrl spee:.i was obtaine:i with a stopwatch ani an anenanetE'!' 

place::l on a fence post. 

Results 

Generai observations. 

Wnen a:iul t C. zeaZandioa occur:To::l in the field they bJrrowe::l. 

in the soil er hid un:ier-neath low objects during the day arrl they wa:>e 

only obser>ve:i above grourrl at dusk, during the night ,arrl at dawn. If 

the con:iitions wer:ie favO.Ir'able most of the beetles flew when they 

erner'ge:l at dusk, but they settle::l befcre darkness on the gt"ouni er on 

vegetation including pasture, trees,arrl s:t-Jriubs. They We:'e se]dan 

obset've:l to fly during the night an:i only a few flew at dawn. At dusk 

rrany of the beetles flew towards the tops of tall plants whEI"e they 

settle::l :in dense concentrations as descriibe:i below but during the night 

they walka:i about arrl became dispersa:i over the vegetation. The beetles 

Wer'e also conmonly foun:l eating foliage an::l copulating at dusk and at the 

beginning of the night although the nt.llnbe:' involve:i in these activities 

dimmishe:l as the night r:rogresse:l until they were rarely observe:i by 

the mcrning. In a::ldition, most of the beetles returne:i to the gpouni 

arrl burTowe::l back into it during the night arrl usually only sane of 

those that ha::l settle::l. on taller' plants rerna.ine:1. above gria.md until dawn. 

Mating behaviour arul CopuZation 

Most of these obset'Vations we:'e made dl.D'.'ing the dusk flights 

when there was still sufficient daylight left fct' the beetles to be 

easily seen ard relatively fewer> beetles wer'e observed. mating at night 

1. Ota Keiki Seisakusho Co. Ltd. , Japan. 

2. Br>uno Lange type S60~ Germany. 

3. Isuzu, Japan. 
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par-tly because this occurred less fre:i,uently at night am. also because 

it was mcre dilficult to observe without disturbing the beetles~ 

Mating occl.lr'rcrl on pla..11ts or on the 8('ourd am. invar-iably it 

was the males who foun:.i the females. The ferrales appear-Ed to be 

attractive to rrales ard those that were obser>va:l bef cre they rnate:i either 

reste:i <r ate foliage fer a she.rt time befcre the ID3.les aririved. They 

did not, hCMever, show any distinguishing behaviour' patterns er postures 

to in::licate when they were attractive an::l so this could only be infe:Ted 

from the reactions that rrales showcrl to them:. these females a:lopte:i any 

posture between a level stance arrl one in which the:ir bcdies were held 

at an angle with their' mouthpar1ts close to the substrate arrl with their 

alx:lomens raisro. Often the:ir elytra were also slightly raise:i when they 

WEre in this angle:::l posture an::l sometimes one cri both of the:ir metathcracic 

legs lost contact with the surface an::l were slowly wave:i about at 

intecvals (Figures 4. 4 A ,B; 4. 5 A ,B). HCMever, this angle:i posture with 

raisa:l elytra was not a:lopta:1 by females exclusively bec.au::.;e 24 r.rues cll1d 

59 feDa.les ~ere identified in this stance. 

Male beetles usually appear'e:i to search fer ferrales both at 

dusk arrl dl.Ir' :ing the night but occasionally ma.t:ing f ollowai an 

appariently accidental encounter with a f~'IJa.le. 

At dusk most males were obseriva:l to mate after they ha::l first 

flown towat"'ds the females. They appcoacha:1 the ferrales by flying slowly 

upwin:i towaros them. while constantly facing into the wirrl an::l alterinately 

flying from one s:ide to the othe::. This flight be.1-iaviour' is subs9:luently 

referre:i to here as hover>:i.ng am. it was also shot-m by all beetles that 

wer'e about to settle. The only obserive:i differ>ence was that males took 

relatively longEr in apµ--oaching an:l alig.1-iting near- females than othe:1 

beetles d:id when t.>-iey wer-e set:tling to rest er fea:1. Males Wff'e also 

fre::iuently observa:l to fly towai:'ds fe.males when therie we:>e few other' 

beetles about arrl this suggesta:1 that the males Wer'e being attracte:::l 

while in flight to the females. The following expa>:i...1ents were the:1efcre 
~--i=--- -~ - --' _,__,._ - , • , is could 

E1~:ratvJT1 
.. --

t rnoaph Urie 2: Las para.;}. , test 

" ho •1 ,:i ~,:i II ni· ght t,.,ree of the " .·he 
11 • • • night half the s u vU re u.u • • • 

_th 50 ).ll 

ot aqueous phenol in concentrations of up to GO g/ 1 to deterimine the 

concentration ranges CNer. which it was an effective attractant in these 
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partly because this occurre:l less fraiucntly at night ard. also because 

it was mcve difficult to observe without disturbing the beetles. 

Mating occurrw on p1:1..r1ts er on the grourd. am. invariably it 

was the males who foun:l the fernales, The females appear-e:l to be 

atiractive to r.rales an:l those that Wet'."e obsevved befcre they rnate:i either 

reste::l Ct:' ate foliage fer a sh<rt time bef cre the rrales arrivai. They 

d.hl not, hcweva-, show any distinguishing bebaviour patterns er :posUll:'es 

to in::iicate 'when they werie at-tractive ard. so this could only be infErre:l 

from the reactions that rrales showed to theD: _ these fem.ales a:lopte:l any 

J;X)Stur'e between a level stance am. one in which th,::ir baiies WEt"e held 

at an angle with the.ir mout11parits close to the substrate an:l with their 

ahlomens raise:i. Often the:ir elytra were also slightly raise:i when they 

Wff'e in this angle:i postl.D:'e an:i sometimes one cz, both of the:ir metathcracic 

legs lost contact with the surface an:1 wer>e slowly wave:i about at 

intE:r'vals (Figures 4-. 4- A ,B; 4-. 5 A ,B). HCM7ever, this angle::i posUll:'e witl-i 

raise::::l elytra was not a:lopte::::l by females exclusively oecauoe 24 r~s c)J).d 

S9 feL.ales ~ePe identified in this stance. 

Ma.le beetles usually appeare::i to search fez, ferrales both at 

dusk arrl dl.Ir' :ing the night but occ3.sionally mating f ollowe::i an 

apparently acc:idental encounter with a fa11ale. 

At dusk most rrales were observe:i to mate after they ha:l first 

flown towar'Cls the females. They appcoache:i the ferrales by flying slowly 

upwin::i tcwaros them while constantly facing into the wirrl an:i alternately 

flying from one s:ide to the other>. This flight be.1--iavia..tr' is subs8:luently 

refet'."re:i to heve as hovering an::1 it was also shown by all beetles that 

were about to settle. The only obsevvErl diffel'.'ence was that males took 

relatively longEr in apµ:,oaching an::1 alig.ri.ting neat' females than other' 

beetles did when t"iey wer,e set:tling to rest er fee:l. Males wa-e also 

frE:q,uently observErl to fly towat'ds fe.rna.les when th<:I'e WEre few other 

beetles about arrl this suggeste::::l that the males were being a.ttractErl 

while in flight to the females. The following expel'.'i.'Ilents we:>e tha:'ef<re 

pe:>f <rme::l with sticky traps to demonstrate conclusively that males cook! 

fly towards an attractant an:1 that females coold attract males. 

First of all the sticky traps were given a ireliminary test 

on 4 nights to test their effectiveness. On each night half the 

traps wEre baite:l with 50 µl of watet., an::l the rest were baite::i with 50 JJ.l 

of aqueous phenol in concentrations of up to 60 g/ 1 to deter>mirle the 

concentration ranges a.1er. which it was an effective attractant in these 





Figure 4.4 

Photograi:ns of ma.ting in C. zealandiaa 

All photographs were taken of beetles on a barberry 

hedge during the dusk flight pericx!. 

A. A female with slightly raised elytra eating barberry. 

B. A group of beetles on a shoot of barberry including one 

copulating pair, two females eating, and a male running 

about searching far the female identified by slit11tly 

raised elytra and a mite on her abd~n. The male has 

just stopped beating his wings but his elytra are still 

raised. 

C. A photograph of part of the sane shoot of hedge as in B 

above taken shortly after the male had found the female 

with the mite. He has climbed onto her back, his teg}D;!Il 

is extended, and he is in the process of rroving backwards 

to pooi tion the end of his abdaren behind that of the 

female. He is also in the process of folding his wings. 



'mite 



Figure 4.5 

Photogr-ai:,hs of ma.ting in C. zea"landiaa 

All photogr-aphs were taken of beetles on a barberry 
hedge during the dusk fli~i t perio:i. 

A. Beetle eating with slightly raised elytra. 

B. Beetle at rest with slightly raised elytra. 

C. A male beetle running aba.it a.rrl beating his wings, searching 

far the female lcwer dcwn the shoot arrl with one of her 
wings not completely folded. 

D. A ma.le beetle :p1ot,0grafiied on the back of a female. He is 

moving about beating his wings. 



A B 

C 

D 
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traps. Tn8 traps we:>e then place::l in position on top of the htdge an::l. 

left there during thl:! dusk: flight periiai. 

Th-2 results of this e>..'P<.:rir.1G11t are given :in Figur>e 4. 7 arrl 

Table 4.1 a.rd shcwe:i that the i;raps w.re effectiv~a.n:i that the:ir catche.s 

wa--e to sane extent quantitativ,:;!. 1hose n"'aps baited with phenol in 

concentratior1s of 0.06 g/1 er hight.r caught mere nale beetles than traps 

baita::i with water' arrl genet>ally mere rrales wer-c caught the higher the 

concentration of phenol use::l (Figure 4. 7). HCMeVEY', relatively few 

feEales Wer'e caugi'1t in any of the traps an::l they only showe:i a slight 

increase :in numbers ,-;ith iner'ea.sing concentration of phenol (Table 4.1). 

This, there:fcr·e, i.rnicato::l that phenol was attractive to rrales am. that 

it was µ:,obably not an attractant fer females. It was also app.::irent th3.t 

the best concentration of phenol to use in these sticky traps was 

:i:rol:Bbly 6 g/1 because the numbE'l'.'s of beetles caught in traps baite::l 

with this were sufficiently lar-ge to d,;!JTianstr'atc that attraction ha:i 

o::curre::l. wh211 Campar'a:l. to the catches of b:L:mk traps and yet they were 

not too large fer sexing arrl camting conveniently. Most subsa:iuent 

wa'k with the traps WclS thEl'efcre done US.lllg 6 w1.phenol solution as the 

attractant. 

Obset:'vation of the traps shcwe:l that they caught only those 

beetles that hdl f lawn thE:re ard. that most of these hdl hcver-e:l tc:Mar'Cls 

them arrl alighte::i on th~ twiste:i pieces of c.Jr'dboat'd coa.ted with 

'Stickem'1 Once caught they then strugglo:l am slo.,;ly slippo::i downwa:u 

until they eventually reachE:rl the :inverite::l lids of the traps. 

:Each beetle carrie::l sc.-rte'Sticken''dcwn with it so that la.ta"' ar1rivals 

b2came less heavily coatoo. an:l wff'e mere likely to be able to cr'awl off 

the other' beetles in the lids an:1 fall from the traps. This was 

obse:'ve:i to star't occurir ing occc1sionally after' abcut 4-0 to SO beetles 

ha:l accunulate.1 in the lids arrl then the traps becain~ incr'easingly 

inefficient as m<re beetles Wet:'e caught even thoogh the lids cwld 

hold between 120 to 150 dea::l beetles. llc:wever>, the nur,iber's of beetles 

caught in traps ba.ite::i with 6 g/1 phenol were gener-ally within the 

efficiency range an:l so no further mo:iification af the traps was 

necessacy. 

The next exper-:unent with the sticky traps was designe::l to 

demonstrate conclusively whether' CC' not flying rnale beetles werie 

attracte:l to phenol. 'This exper>ir.'lent was per>fcr'mo:i initially on two 

nights eat' ly in the flight seasm ard then it was repeated again later> 



TABLE 4.1 

Number-s of beetles caught in traps containing a range of phenol samples. 

DATE SAMPLE; g/1 FHINOL 0 0.02 0.06 0.2 0.6 2 6 

~11/71 'IRAP POSITION E J 0 F K p G L Q H M R 
MALE CATQ-f 7 4 0 6 3 2 12 3 9 9 15 20 
FDW.E CATCH 0 1 0 2 0 0 0 2 0 0 0 1 

8/11/71 TRAP POSITION H M R I N s E J 0 F K p 
MALE CATQ-f 0 0 0 0 0 0 0 1 0 0 3 1 
FDA.ALE CATlli 0 0 0 0 2 0 , 

0 0 1 1 0 .... 

9 /11/71 'lRAP POSITION G L Q H M R I N s E J 0 
MALE CA'ICH 1115 12 7 9 5 36 34 23 38 40 31 
FEMALE CATa-i 0 1 1 0 2 0 3 2 0 0 0 1 

11/11/71 TRAP POSITICN H M R G I J F K L E 0 s N p Q 
MALE CAID-l 6 10 5 2 9 8 15 16 33 26 8 4 16 10 31 
FD1ALE CATCH 0 0 0 0 1 0 0 0 1 1 2 1 2 0 1 

20 

I N s 
36 33 6 
0 2 2 

60 

G L Q 
6 2 3 
3 0 1 

F K p 

38 76 77 
2 0 l 

_. 
~ 
O" . 
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Figure 4.6 

Photographs of mating in C. ~ealandica 

All photographs were taken of beetles on a barberry 

hedge during the dusk flight period. 

A. A pair of copulating beetles and a rrwe flying to,.rards them, 

B. A male beetle cl.iml.)ing over the back of a female he has just 

run tcJ..lards. His te~n is exten:led and he has just stopred 

beating ltls wings . 

C. A male beetle climbing onto a pair of copulating beetles 

aoo beating his wings. 

D. A male beetle on the back of a copulating male. He is moving 

backward with exterrled tem-nen and unsuccessfully attempting 

the manoeuvre shewn in Fi[:.1\.U."'e 4. 4 C. Also his wings are in 

the process of being folded. 



A 

B 

C 

cop1Jloting 
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D 

copulating 
male 
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Figure 4.7 

The relation.ship between the concentration of 
phenol used in the sticky tra_I:G an:l the number 
of male beetles caught in them 

The data is taken £rem Table 4. 1. 
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en when relatively fewer:> beetles flew to f irrl what effects this ha:i on 

the catches. On each of these nights half the traps wa--e baite:i with 

water' ard the rest wer-e baited with 6 g/1 of pi~enol, then tl1e 

catches were ccmpar>e:J. after.' they hal been place::i on top of the he:ige 

OJa:> the dusk flight pericds. 

The mean m.1r.1.ber's of male beetles caught each night in the 

traps baite:l. with phenol Wer'c always gr:-eatet.' thilll the mean numberis 

caught in the traps baite::l with water, an:i the differ'ences between these 

Cdtc."l.es were significant on all of the nights except the last when a 

mean of only 2.1 b0etl~s wer>e caught in the phenol baite::i traps (Table 

4-. 2). Few females Wer'c caught in any of the traps although ther>e was 

a terrle.ncy fer slightly gpeuter- numbcrs of the.11 to be caught in traps 

baite::l with phenol than in those oo.ite.:l with water', arrl these diffet"ences 

WEre significant on one occasion (Table 4. 2). This exper-iment thErefcre 

shcwe::l conclusively tha.t males we:r1e attractoo to phenol, that males 

couJd respon:i to an attru.etant by flying tcwar'<is it, an:i that :{:henol was 

also a slight attractant fer female beetles. 

Once the males ha:l been sho,m to fly tcwar'Cis phenol another­

ser>ies of exper'iments was pet'f<rma::l with sticky traps placed on top of 

the he:.ige ovec the dusk flight pericds to fin::1 if the fenales ccu]d 

attract the males. Initially, the traps we:>e fitted with br>ass cages 

en the 18th November-, 1971 am. these wet'e either left enpty er else they 

ha:l two live virgin, two to tl1ree week oJd male er> female beetles 

place:l inside them. The nurnb<:9:'s of beetles caught in either' the male er 

the female baite:l traps did not in:licate significant attraction when 

they wEre compat'o::l with the number's caught in the blank traps dltha.igh 

a gpeata, mean nurnbg, of males wer>e caught in the female baita:l traps 

than in the male bai ta:l traps ard both these containe:i mere males on 

the aver>age t11an the blanks did (Table 4.3). It was possible, thcugh, 

that cne pair of females ha:i sha-m attraction because 16 males wa..,e 

caught in one of the traps bai te:i with females arrl this was twice as 

high as any of the other> traps caught (Appen::lix 2.1). This suggesta:i 

that if all the females did contain the attractant then they ca.iJd control 

whether' er not it was releas(.rj. This possibility was inv~stigated by 

testing 5:1uashcd beetles when the traps were next p..1t a.it on the 20th 

Novewber-. On this occasion some of the traps Wet"e again left blank arrl 

the rest WE!r'e each baite:l with one squaf,he:l virgin male er female beetle. 

Hcwever, few beetles flew that night arrl therefere few we:>e caught in any 



TABLE 4. 2 -
Differen:es in t.he numbers of beetles caught in traps contairiing '.)0_,.,1 of ei.ttL!l" water 
blanks or 6 g/1 pherol samr,les. • 

'< 

DATE SA.;,IPIB 6 g/ 1 PHEI-DL 0 g/ l fliENOL 6 g/1 0 g/J 
PHENOL PHEliOL 

15-11-71 'lRAP P'JSl'TION r;- G I K M 0 Q Q F H J L N p R f.'filr/ S.D. MEAN S.D. w ..., 

H::1.le catch 5 6 20 10 12 2 14 6 2 5 3 
,... 

3 l 4 9.38 5.83 lJ.14 2.61 J 

Fe1E.le catch 2 1 3 0 2 l 2 0 0 0 0 1 0 0 0 1.38 1.06 0.14. 0.38 

16-11-71 'IRAP PffiITION E , ... 
iJ I K M 0 Q s F H J L N p R 

Mlle catch 24 10 11 17 24 23 6 17 6 5 1 7 10 9 8 7.88 6.57 2.99 
FEm3.le catch 4 2 0 1 l 0 1 0 4 0 2 0 0 l 1 1.13 1.36 1.14 1.46 

28-11-71 'lRAP POSITION E G I K M F H J L 

111hle catch 8 6 6 8 6 4 1 0 1 6.80 1.09 1.50 1.73 
Ferrale catch 1 0 2 1 1 0 1 0 1 1.00 0.71 0.51 0.58 

15-12-71 'lRAP POSITION F H J L N p R E G I K M 0 Q S 

.M:ile catch 1 1 4 2 4 2 1 0 0 0 4 3 4 1 2 2.14 1.35 1.75 1.75 

Female catch 0 0 O 0 1 0 0 0 0 0 0 0 0 O 0 0.14 0.38 0.CX) o.oo 

SIGl'fI}'ICANCE 
IE\Tfil, DET,JEEN 

MEANS ( t-test) 

0.05 

0.05 

o.ros 
NS 

0.001 

NS 

NS 

NS 
..... 
-? 
0 . 



TABIE 4.3 

Differen::es between tr:e rrean numbers of beetles caught in traps containing 50,.ul sarr:ples 
of 6 g/1 pheml solution, blanks as empty cages, am. live or squashed beetles. 
Means franAooen::iix 2.1 . 

DATE SAMPIE MEAN OF S.D. OF SIGN1FICANCE IEVEL BEIWEE1'1 MEAN OF S.D. CF 
l"MUE CA'ICHES MA.IE CA'ICHES MAIE CA'ICH&S (t-test) FEl-1A.IE CA 'ICHES FEJ,lAfE 

CATCHES 
18-u-71 Blank 4.80 3.11 blanks & na.le saJ!l)leS N . S. 0.55 o.4o 

2 live virgin nales 6.25 2.Co blanks & f errale sarrples N. S. 1.00 0.82 
2 live virgin fenales 8. 75 4.99 Male & fenale Sanl)les N.S. 0.75 0.96 

27-ll-71 Blank 8.00 3.50 blanks & rrale sanples N.S. o. 75 o.96 
10 live rrales 5.25 1.89 blanks & female samples N.S. 0.25 0.50 
10 live fenales 4.00 1.63 rrale & fenBle sa.rrples N.S. 0.50 1.00 
6 g/1 pheml 15.33 4.04 blanks & ph:!ml sarrples 0.(6 1.67 0.58 

20-11-71 Blank o.oo o.oo blanks & male sanples N.S. 0.00 o.oo 
1 squasrro virgin mle o.ao 1.30 blanks & fenale sa.nples N.S. 0.60 o.89 
1 s:iuaslm virgin fenale o.oo o.oo rm.le & ferrale san:ples N.S. 0.00 0.CX) 

__, 
> _. 
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of the traps (Table 4. 3) so no conclusions could be drawn from this 

experiment. There were also no more virgin beetles left after this 

although one further attempt was made on the 27th November to find if 

live beetles were attractive in tl-ie field using beetles which had been 

collected in the field two to three weeks previously and kept segregated 

in separate containers of males and females. This time phenol baited 

traps caugbt significantly rrore males w'-ian t11e blanks (Table 4. 3) 

shewing that attraction had occurred that night, but there were no 

significant differences betwGen the catches of blank traps and the male 

or female baited ones. Possibly the beetles disturbed each other and 

this prevented them fran I\~leasing their attractant, but whatever the 

reason this experinient did shew that there were probably t(X) many 

difficulties involved in using live beetl2s and therefore extracts of 

beetles were usecl in the subsequent exper:unents instead. 

To start with diethyl ether extracts of male and female beetles 

were tested on the 29th and 30th November and on the 1st December, 1971. 

The exb."acts were freshly pr\::;pared each day from beetles collected the 

previous night. On each of these occasions sane of the traps were 

left blank, SOffi8 were baited with 6 g/1 of phenol and the remainder were 

baited with the extracts . The amount of extract applied to eac.l-i trap 

on the first nig:1t contained the equivalent of 4- beetles ar1d on the 

next two nie11ts contained the equivalent of 10 beetles. These 

experiments were unfortunately perfarrred late in the flig}lt season when 

few beetles flew: all the catches were, therefore, lO'iN and there were no 

significant differences between any of them except far the µt8Ilol baited 

ones an the 30th November which were significantly more attractive 

than the blanks (Table 4.4). Havever, it was still possible that the 

female extracts were attractive because traps beited with it caught 

more than twicG as many males as the blanks on the last two nights 

(Table 4. 1,1-). Tnese exp:;rirnents were therefore continued in 1972. This 

time, hc,;-,ever, chlarofarm extracts of beetles collected in the field the 

pr-evious night were used and none of the traps were baited with µi.enol 

solutions . Instead approximately a third of tl-iem were baited with 

chloroform blanks and the remainder were baited with extracts containing 

the equivalent of 10 males or 10 females. The results of all these 

experiments are given :in Table 4-.5 and sha.v that those traps baited with 

f ema.le extracts always caught a higher IIEan number of males than the 

blanks did while those tra::i;:s baited with ma.le extracts either caught more 



TABLE 4.4 

Differ-ences between the mean numbers of beetles caught in traps contain.ing either 
6 g/1 phenol er diethyl ether blanks er diethyl ether extracts of whole beetles. 
Wividual -trap catches given in Apperdix 2 .2 

MALE CATCHF.S SIGNIFICANT LEVEL BEIWEEN 
FilfALE O\TCHES 

MTE SAMPLE MEAN S.D. MALE CATCHES (t-test) MEAN S.D. 

29/11/71 Blank 2.25 1.71 blanks & ma.le extracts N.S. o.oo o.oo 
4 male 

equivalent 2.00 0.82 Blanks & female extracts N.S. 0.25 0.50 
4 female 

t ,1.uivalent 2.00 1.56 male & female extracts N.S. 0.25 o.so 
6 g/1 phenol 5.33 6.11 blanks & phenol samples N.S. o.oo o.oo 

30/11/71 Blank 2.25 2.63 blanks & ma.le extracts N.S. o.oo o.oo 
10 male 
e:iuivalent 2.50 2.65 blanks & female extracts N .s. 0.75 0.96 
10 female 
e:iuivalent 5.75 4.99 male & female extracts N.S. 0.25 0.50 
6 g/1 phenol 8.67 6.ll blanks & phenol samples N. S. 1.00 1.00 

1/12/71 Blank o.so o. 58 blanks & male extracts N.S. o.oo o.oo 
10 male 
e:iuivalent 1.33 2.31 blanks & female extracts 0.05 0.33 0.58 
10 female 
equivalent 2.00 1.00 male & female extracts N.S. 0.67 1.15 
6 g/1 phenol 3.60 2.70 blanks & phenol samples N.S. 

(0.06) 0.40 0.89 

-~ 
vi 



TIIBIE 4,5 
Differences between the n:ea.n ru.urbers of beetles caught in traps containing chlarof arm blanl-cs 
an:i chloroform extracts of whole beetles. 

Irdividual 'trap catches given in Apperrlix 2 .3 

MAI.E CA'ICHES FEl.iru.E CA'ICHES 

DATE SAMPIB MEAlll S.D. 
SIGNIFICANT LEVEL ill,~ MEAN S.D. 

r,ru.E CA'ICHES ( t-test) 

23-11-72 Blank 3. 78 2.54 blanks & na.le sa.nples N.S. o.44 0.53 
10 rule 
equivalent 3.38 2.88 blanks & fem. sanples N.S. o.oo o.oo 
10 fenale 
equivalent 4.13 2.30 nale & female sa.nples N.S. 0.13 0.35 

24-ll-72 - Blank 3.89 2.03 blanks & IIEJ.e sanples N.3. 0.22 o.44 
10 rra.J.e 
equivalent 3.50 3.02 blanks & fem. sarrples 0.001 0.13 0.35 
10 feIIB.le 
equivalent 10.13 4.22 nale & fenale sanples 0.005 0.25 0.71 

27-11-72 Blank 2.86 2.85 blar.ks & rrale sanples N.Se 0.38 0.74 
10 na.le 
equivalent 3.63 2.97 blanks & fem. sa.rrples N.S. 0.25 0.71 
10 fenale 
eauivalent 7.25 7.83 rra.le & ferrale sa.rroles N.S. 0.13 0.35 

28-11-72 Blank 2.25 1.67 blanks & f€.Jll. samples 0.005 o.oo o.oo 
10 rraJ.e 
equivalent 7.73 4~1 blanks & male saJ'll)les N.S. 0.25 o.1t5 
10 fena.le 
e.Juivalent 5.13 4.J3 nale & fenale sanples N.S. o.oo o.oo 

.... 
~ 
.;,,,. 
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rnales er less males on the aver>age than t"l-ie cct"Tesporrling blanJr-.s. On two 

of these nights the traps baite:l with female extracts also caught 

significantly mere males than the blanks while the traps baite.:i with male 

extracts never- ha:l significantly differ,ent catches fran the blanks. In 

a::ldition, the numbers of females caught in all the traps wer:'e lav am. 
shave:l no terdencies fer ei trier- male cr female extracts to be attractive 

to them. 

When cons:idEred together', all the above expei:':irnents with beetle 

extracts demonstrate:! that female beetles conta.ine:i an at:tractant fer the 

male beetles ard that the males ccuJd respon:l by flying tcwal:'d.s it. 

They d:id not, hcwevei:', demonstrate that the fenale beetles do in fact 

use this substance tc attract flying males but at least they d.:id not 

:i;reclu:ie the possibility of this occurring. Ln this way they lent 

suppcrt to the :i;revicus conclusion drawn from obserivations of the:ir 

behavio..Ir, that females ccuJd be attractive to fly:ing males. 

After- male beetles ha:l. flown to..-,1arids the females they Wei:'e 

usually obsei:'ve:i to lan::1 within 10 er.a er so of them but some occasionally 

larde:l djrectly on the females an:l imne:liately star'te:i erientating 

themselves fer copulation as desCl'.'ibe:i belcw. Those that lan:ie:::l near' 

the females ran abrut sear-ching fer then, going up an:i dam shoots if 

they we:c'e on vegetation cr tUI"ning in :irregular spirals cr f igur'es of 

eight if they Wei:'e on the grirun:l. While they ran they also fre:iuently 

beat their wings intei:'mittently (figur'es 4.4 B, 4.5 C) making shcrt 

buzzing sa.m::ls lasting less than about 0.25 secon:i. Lf they did not 

f in::l any females within 10 to 15 secorrls they usually took flight 

again am. either> began hover:>ing t0t1ar-ds the same females cr else 

flew elsa-Jher>e. Occasionally sane males also appear-e:l to mate at dusk 

withrut having flc:wn specifically tcwwds the:ir mate a shCZ't time bef cre­

harrl. Such iniividuals Wei:'e obsei:'ve:i to behave like these of the males 

that cop..1la.te:l dur: ing the night, running about seat'ching fer the females 

am also sanetimes per-io:iically beating the:ir wings after they ha:l walke:i 

t o within about 5 an er so of them. 

As soon as a male f ourrl a female he usually climbe::l 

.imme:liately onto her> an::i then move:i about until they Wei:'e aligne::l in the 

same djrection (Figures 4.4 C, 4.5 D, 4. 6 B). Occasionally a male first 

posi tiona:l himself in the opposite direction to the female but he 

usually move::l at'ourrl after> one er two seconds when he could not 

coµ.ilate successfully. When the ma.le was on top of the female he also 



touche::l her fre::i,uently with his pal~ arrl often be:-1.t his wings peria:l­

ically (Figur'es 4.4 D, 4.5 B). Soon afte:> contacting the female the male 

usually extenhrl his tegm.en so it p:iojectcd :Eran his al:xianen (Figures 

4 • 4 C) 4. 5 B) arrl it was always extcrrhrl by the time he had aligned 

himself with her' bcdy. After> t11is the male rnove::i backwar'Cls (Figur>e 4.!-t C) 

until the top of his ulxlomen was just poste::'icr to the female's al:xlanen 

arrl then he moved his bcdy ar'our:d slightly until he rnanage:l to copulate 

with the female (Figur>ES 4. 4 B, 4. 6 A). Most males achieve:l copulation 

within 1 Cl!'.' 2 secon:is after first touching the females unless they 

positioned the:tSelves in the i-Jt'ong d:irection initially cr if there WEr'e 

other- males with the f ernales as descr ibe::l below. On one occasion, 

hcwever>, a rrale was obsErve::i to attempt to copulate fer abrut 50 secords 

with a ferrele whose ab:lanen was c0vere:i by a leaf, the fe.1na.le thenmovcl 

an:i the male was able to copulate with heri. 

Once the beetl.es Wet'e copulating they rema.i.na:l together- fcr 

Var'iable pet'iais of ti.me until the males with::Jrew the:ir tegmens arrl 

walke:i away. Hcwever>, the length of time spent in copulation was 

difficult to meaS\.Ir'e directly in the field because the beetles move:i 

a.boot. Therefcre it was estimate:i by taking 25 pcrirs of beetles fran the 

hErlge soon after' they ha:l star'te:i copulating an::l plac:ing them· :in a 

cove.r:'e::i cquar'ium near-by whet'c they wez:ie subse::iuently obse:>vo:i at inter>vals 

of 2 to 8 minutes us:ing a tcrch. The temperature inside this a:i,uariium 

r ernaine:i within 12. 0 :_ 0. 5° C while the observations were being ma:1.e an:i 

the per'iais spent copulating by the beetles var'ie:::l conside:>ably: the 

f ::irst beetles starite:i separiat.ing after only 7. 5 ..:!:. 3. 5 minutes, half hai 

separatErl afte:> about 50 minutes am the:>e werie still two pairs 

cop..ilating afteri 90 minutes when the observations wer>e discontinue::1 

(Figwe 4. 8 A). Two beetles Wet'e also obsecvErl to copulate a second 

time 81 minutes after- they wer>e collected. The copulation ti.mes fell 

in.to a skewe:l fre::iuency distribution having a me..=m after> logur.ithrnic 

transf crrnation of log 1. 419 minutes an:l a stardar•d deviation of log 

0.429 minutes,ccrrespon::ling to a rnean time of 28 minutes spent in 

cop..ilation. Hcwever> , all these tiraes were only consider1e:i to be 

a pp:'ox:imations because of the possibility that the beetles' behaviOLit" 

was affectro by the treatment even though every cat'e was taken to ensure 

that they WE!r'e iransf erTe:i gently ard that min.irrn.m1 use was rnaie of the 

tcrch. 
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Figure 4.8 

Histogr'ams of the copulatory activity of 
C. zeaiandica during the nigit 

A. The duration of copulation. The beetles were collected in copula 

arrl the numLers still paired were determined at intervals during trie 

follcwing hour and 40 minutes by observation. 

B. The proportions of beetles foun:l copulating on a barberry hedge at 

different tiloos during the beginning of the ni~t of the 28th 

November, 1971. Ea.ch estinate was made frun ca.mts of the numbers 

of single arrl copulating beetles during a two minute pericd. The 

total numbers of beetles counted are also irrlicated. 

C. The proportions of beetles foun:l copulating on a barberry hedge at 

different t~ during the night of the 3rd to 4th December, 1971, 

These estimates were ma.de in the same way as far' B above and the total 

numbers of beetles counted are also irrlicated. In addition, the 

cunulative numbers of beetles which fell into large trays filled with 

detergent and water c.luring the night are also shewn. 

Mete.rological data 

Date Time Temperature Relative Htnniclity WW speed 
oc % km/h 

27/11/71 1743 12.0 100 
2010 12 .o 87 

28/11/71 1940 11.5 89 
1945 11.4 93 t 0,075 2000 10.6 90 

3-4/11/71 1946 17.3 96 f >0.01 2031 16.5 96 2045 17.0 95 2137 16.5 72 
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Female beetles wa"'e fre:iuently foun:i with two er occasionally 

r:iCl'.'e males on the.-n althc:ugh only one male successfully cop.1lates at a 

time with each fen.ale. Scmet:i.rnes these males .Jr'r'ive:l. befcre the females 

~ begun to copulate but m<X'e conm:mly they wer>e foun:i on females that 

werie aJrea:ly copulating. In both these cases t11t.:: males were obser'Ve::i to 

climb CNer the feina.les arrl over the other> males with their te~s 

exterrle:i an:i they often attempte:i to copulate alongside each other, with 

the anter:'icr of the f(::;fficlle (FigLll'.'e 4. 6 C) er on top of m1other- male 

(Figure 4. 6 D). Usually these m::iles flew a.way cr wa.lke:l. off ".'i.ft::r or1t:~ or 

t-lO nu.nutes if they were unsuccessful ard only oceusionally did they try 

fer as long as 5 to 10 minutes. Many of the males that walke::i aJN:J.y 

remaine:i nearby eating er resting ard this occurrre:i most frequently 

tcwards the en:l of the flight peria:ls. These males cou]d fcrm clusters 

of up to 5 cr sanet:i.m.es mcre beetles ar'run:l the copulating pairs. 

The female beetles of ten walka:i aboot er ate foliage while they 

We:'e copulating but the males rierna:i.ne:l dcrsal to the females the whole 

time an::l. wer>e car>rie:l ar-ow-d in this position. Most of the males 

also became quite firmly attache:l to the females by their genitalia 

because they often fo]de:l their legs against their bcdies while they 

were being carrie:l abcut and copulating beetles cculd usually be picke:l. 

up by holding onto the males alone. Havever, the males werie seJdan 

obser:ivro to eat whilst copulating because they rariely twisttrl .:Iran their 

dcrsal positions; those that d.id eat usually only manage:l. this when 

the females move::i so that leaves were conveniently place::i by the:ir 

mcuths. 
On only one occasion was a ma.le everi found copulating with 

another male, artl this cccurTe::l in a container> half filla::l with soil wher-e 

apirox:imately 100 males WE!r'e being kept isolate::! .fuo'Il females fer 

biressay wcrk as describa:i in Chapter 2. The rrk.'l.ting males wer>e 

Jisccwe:-ro in the mcrning 13 days afta- they ha:l been collecte:i am. 
they rerP.ainoo fastene::l together in t"'1e usu2ll copulatcry position until 

they die:i after two an::l fa..ir days respectively fer the upper and lo;-11g, 

males. Usually, hcwever, m:1.les did not shew any signs of· mating 

behaviOl..ll'.' when they Cilllle into contact with other> JTu:ues except when these 

mal wer'e aJrea:iy on top of cr next to .:ittractive fern.:.ues • . es 
Estimates of the relative µ,opcrtions of beetles cop..ilating 

at differient times during the night wer>e ma;:ie on the he::lge late in the 

flight seascn of 197], an the 28th November and. the 3r>d to 4th December-
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ard early the next flight seasCJI1. on the 7th to 8th November, 1972. The 

results of this ar'e given :in FigUt'es 4.8 B arrl C an:i 4.9 C respectively 

while the reccrds of the meter-ological corrlitions on these nights arie 

.includ.e:i in the e~-planations to the apµioiriate figtrr1es. 

The pcopcrtion of beetles copulat:i..i--ig on the 28th NCNember, 

1971 increa.se::i over- the flight per-ia:1 an:l reache:l a maximum 5 to 10 

minutes after' t11ey ha:i stoppe::l flying when about 75% wer-e pa:ire:i. Aftel'." 

this the numbers copulating rapidly diminished. until only abcut 10% We:'e 

pa.ired. an ha.ir later an:i less than 5% a fl.I('ther' two ha.n:>s later (Figur,e 

4. 8 B). D..n:iing the night the beetles also becc.lffie µiogr>essively har'det' 

to fin:i because they disperse:l CNE!t:' the vegetation er fell to the ,€Tourrl 

an:i this was reflecte:i in the total numbers of beetles counte:i. HCMever, 

these totals only gave apµioximate relative estimates because they Wer:'e 

obtained. as counts per unit time an:l they wou]d theriefcre pt'obably be 

exagge::'ata:l at the beginn:ing of the night when most of the beetles wEre 

copulating and concentrate::i together near- the top of the he:ige. 

Relative changes in the total numbers of beetles on the hedge Wer:'e 

theref cre estimate:i on the next two nights fran the numbers that fell 

into trays of deta>gent an:i watev place:i urrler the he:ige. 

The relative :iropcrtions of beetles that copulate:i dwing the 

night of the 31:'d to 4th December' f ollowe:l apµioximately the same patte:-n 

except that the p::iopcrtion copulating 1..,eache::i a maximum of abcut 80% five 

minutes er- so befC!r'e the last beetles ha:l stoppe:l flying (Figut'e 4. 8 C). 

Most of the females on the ho:ige p::iobably copulate::l on both the above 

nights :in 1971 becau3e about 40% of the beetles collected fran thehe:ige 

in beating trays just after> the dusk flights we:-e females dur' ing the 

latter> par-t of Hovember> (Table 4. 6) ar:d this was close to the pt'Opc:l'tion 

of fema.les obsE!t"'ve::i as copulating p:drs. It was also liJ<ely that 

relatively few of the beetles IIk.1.te:i aftel:' the peak copulation pErims 

on these nights because the rate at which cop..ilating pairs diminisho:i 

could be accounte::l f cri by the Vcll:'iations in copulation times deter'mine::l 

previcusly. 
Dlr:ing the night of 7th to 8th NovernbEI' 1972 the relative 

nurnber>s of copulating beetles again incr'easo::i to a. rnaximl1'1l of about 

75% five to ten minutes after the last ones hcrl settle::l, but the 

i.ropc:rtion copulating d:i.min:i.she::i mere slowly than on the p:ievious nights 

because 45% we:>e copula.ting an ha.n;, after the peak per'ia:l ard about 

10% were still copulating anothEt' 4 hCUl:.'S lat<Y' (Figur'e 4. 9 C). 



TABIE 4.6 

Sex ratio of beetles collecte:l in beatirgs from the 
hedge just after the flights had finished. 

DA'IE SEX RATIO 'IDTAL NO. CF BEET.IBS 
(% nales) COLIECTED 

16-11-71 51.4 661 
1-11-72 59.6 220 
7-11-72 67.9 187 

14-11-72 62.0 179 
21-11-72 Ei0.9 115 
23-11-72 65.4 67 
26-11-72 54.4 125 
27-11-72 57.9 95 
28-11-72 62.1 58 

" " 60.0 35 
" " 63.8 47 

I 
..... 
~ . 
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Figure 4.9 

Histograrrs of the copulatory activity of 
c. zeaZandica on a barberry hedge during the 
night of the 7th to 8th November, 1971 

A. The average number of beetles i:notogr-aJi1ed flying during a series 

of 5 minute periods at dusk. The original data is given in 

Figure 4.13. 

B. The proportions of copulating male beetles which were extending 

their internal sacs, farnrl.ng spe:nratoi:nares, or withdrawing their 

internal sacs at different tines during the beginning of the night. 

Each analysis was made from abcut 10 copulating pairs collected in 

liquid nitrogen. 

C. The proportions of beetles found copulating at different tines 

during the night together with the total numbers of beetles 

cOJnted and the rate at which the beetles fell fran the hedge. 

These estimates were made in the Sam::! ways as far Figures 4. 7 B 

and 4.7 C above. 

Meterological data 

(No detectable wind.) 

TIME 

1900 
2000 
2100 
2200 
2300 
2400 
0100 
0200 
0300 
0400 
0500 
0530 

TEMPERATURE 
OC 

18 .5 
17.5 
17.2 
16.0 
15.2 
15.2 
15. 7 
15.7 
15 .3 
15.0 
15 .1 
15.0 

RELATIVE HUMIDI1Y 
% 

63 
72 
74 
78 
82 
80 
81 
79 
80 
81 
79 
79 



O'l 
C ·» 
;;:: 

L 

A GJ 
.0 
E 
::, 
C 

GJ 
O'l 
0 
L 
GJ 

~ 

B 

350 

300 

250 

200 

GJ 
Ol 
-0 

150 GJ 
.c 

E 
0 "' L GJ -, ;::;100 

C 
GJ 
GJ 

~ .0 

l! 0 
C L L GJ GJ .0 .0 E E ::, ::, C 

C 
C 10 50 

0 0 
GJ ~ 2 

I 
0 

25 

20 

15 

10 

0 

100: 

90 

80 

70 

60 

O'l 
C 50 

:;::; 
0 
:i 
a. 
8 40 

GJ 
iJO 

C 
GJ 
u 
L 
GJ 20 
a. 

I 10 

7:00 

+H 
oo~ 
$2~ 
LUX 

- -0-

8:0C' 

TIME 

9:00 10:00 

7 

11:00 12:00 

Key 

I Penis inserted, no spermatophore 
Extending internal sac 
Forming spermatophore 
Withdrawing internal sac 
Penis inserted, with spermatophore 

1:00 2:00 3:00 4:00 5:00 
November: 8 November 1972 +H 

~oo 
~a 

Lux 



152. 

frobably most of the females rnate::l on this night as well because 32% of 

the beetles We:'e females from a total of 187 beaten :fra:a the he:ige after 

the flight pe:->io:l and this was slightly less than the p:iopcrtion of 

females obsErve::i copula.ting. Possibly this discrepancy in:iim.te:i that 

paire:i beetles werie met:'e likely to be counte::l than singl~ ones althrugh 

it could also be due to sampling erircr. Ducing this night,samples of 

copulating beetles were also quick frozen at intervals so their 

reµia:l.uctive organs am. the positions occupiErl by their genitalia cculd 

be exa.mine::i late:' in crd.cr, to firrl hew many of the beetles mate:i late :in 

the night. In the first of th2se samples 20% to 40% of the copulating 

males ha::i their intevnal sacs exten:.ie::l within the bl.lt'sa copulatrixes of 

the females an:1 werie p:>o:iucing sper-matophcres. The remain:iet:' did not 

have their :intet"'nal sacs fully exten:ied er ha:i them completely witrdrawn 

:in their tegmens. Of these, 40% to 60% of the total males Wer:'e attached 

to females withcut Spct'matophcres an:l 20% WE!l'."e attachErl to fem.ales 

containing fresh sper'matophcres (Figure 4. 9 B). The iropcrtion of males 

µia:l.ucing Spet"rnatophcres then inet'ease::i as mcre beetles copulate::l. until 

all the males in the samples were do:ing this by the time whsin the muximum 

nwnbet"' s copulated. Ha.vever, these estimates were only apiroximate 

because of the small size of the samples arrl it was ther>efcre likely 

that some males we:1e at other> stages of copulation although most Wer'e 

exchanging sper>rnatophcres. When the relative rn.Dnbers of copulating pairs 

wer-e also considerie::l over this per'io:i, it appeare::i that the males 

usually began iro:iucing spe.rmatophcres within 5 to 10 minutes from 

the beginning of copulation an::l then they spent an avE!r'age of half an 

hour er mere completing the exchange. Some males, however, complete:i 

fertilisation within abcut 5 to 10 minutes because they werie fa.md 

on females with fresh sper'rnatophcres neari the beginning of the flight 

when relatively fe·J beetles had begun to copulate. After' the maximum 

numbers ha:l copulate::l inet'easingly mere of the males wer-e found attached 

to females conta:ining spermatophcres although some werie still fcurrl 

µ-,o:iucing spernatophcres after aboot 4 houris of dar>kness. ~obably 

most of the males attache::l. to females containing· fresh sperirnatophcres 

h,aj ircrluce:l them because the volwne of the contents in the males' 

re:i;ra:luctive a'.'gans appeare::l subjectively to be much less than in males 

that ha:l not Tilata:i. If this was the case then few of the beetles ma.te:i 

after dusk on this night as well an::l the canparatively high :p:iopcrtians 

of beetles foun:i copulating at this time Wer'e ther'ef cre irobably due 
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to thew having staye::i pair~tj f cr longer1. Hc:wever>, there was still the 

possibility that sorae of these rnales ha:l copulate:i 1X'eviously an:i wei."'e in 

the µ:>ccess of copulating again because there was no way of deterimining 

the number- of fresh sper>r.1a.tophcres in females ard. newly fcrme:i 

Sper'matophcres wer>e soft an::l cculd merge togetheri. 

Erratum --
PoX'agraph 2., Zi rze 1: 

" ••• fell at a faster ra+ ... e 
• • • 11 should ad " re • • • fell more frequently 

WU.· C ..1..'-..., .._ --- _ __ 
... It 

4. 9 C). Hc:wever', no male beetles Wet:'e observe:i to be attriaci:E:li w 

f ernales er to mate with them at dawn an:i no cop..ilating beetles werie 

none 

3l1!:i 

foun:1 during any of the two minute ccunts just befcre an::i at dawn 

(Figures 4.8 C am. 4.9 C) althcugh an occasional pc1ir was foun:l by 

searching a lat"' ge length of hedge :in the ti..'lle between these counts. In 

a:idition, mating behavia..i.r was never' observe:i at dawn on any ma:>ning an::i 

it also appeare:i from the follcw:ing expet:':i.ments with sticky traps that 

the males wece not attracted to phenol at dawn either. In these 

exper :i.ments half the traps were always left blank while the rer,1ain.in.g 

ones were baite:l with larger' quantities of phenol than was use:i at dusk 

to increase the chances of detecting att?:'action. The traps w~e then 

placed in position befat'e dawn an::i left tl-terie dur:ing the flight ~icrls. 

Fer the first experiJnent on 25th November', 1971, the traps wer-e placed at 

the top, half way up, er ne.ar the gpourrl on both s:ides of the he:ige am. 
50 µl of 60 g/ 1 phenol was use:i in each of the baite:i traps. No beetles 

wer> e caught in any of them ( Table 4. 7) . Next, on the 8th November' , 19 72 

the sticky traps wece place:i on top of the he::lge er at var:iious distances 

up to 20 m from it at he::lge height cr neari the grioun:i. The baits used 

on this occasion wer'e 100 ,ul samples of 6 g/1 phenol solution but again 

no beetles werie caught in any of the traps (Table 4. 7). Finally, on 9th 

November, 1972 the traps wer-e either> place::l on top of the he:ige er near> 

its base an:i 100 µl samples of 6 g/ l p."1.enol were ag,ain. used as the baits. 

Tuo male beetles wer>e caught this time but they wer>e both in separ-ate 

blank traps on top of the he:ige am. all the other> traps wer>e empty 

(Table 4. 7), 'Ihese thr>ee expa:iiments ther>efcre canfirme:i that the males 

wE!l'."e not attracte:i to females at dawn because they did not fly towar'ds 

phenol at this tii11e. 

It thet'ef cre appears fran all the above obser'vations an:l 
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to t:he:ir having staye::1. pa:irej fer longer>. Hcwever, there was still the 

possibility that sane of these males ha:l copulate:i p:>eviously ard. we.i."e in 

the J;rcx::!ess of copulating again because t:her>e was no way of deter'mining 

t:he m.nnbet' of fresh sperrna.tophcres in females arrl newly fcrme:i 

Spet:'matophcres wer>e soft an:i c~ld merge togethai. 

The beetles werie f cun:1 to fall from the hedge at a steaiy rate 

during the nights if the 3r1d to 4th Dece."':lber> 1971 an:i the 7th to 8th 

November> 1972 until abwt half ha:i fallen off by dawn. Those 

that remaine::1. fell at a faster rate Or' occasionally flew away until none 

Wel'.'e left on t:he he:ige by t:he time the sun ha:l risen (Figures 4. 8 C an:i 

4. 9 C) • Hc:wever, no male beetles we.rie obser-ved to be attracte:i to 

f ernales cr to mate with them at dawn anJ no copulating beetles Wer:'e 

f oun:i dill' ing any of the two minute cwnts just befcre an::i at davn 

(Figur'es 4.8 C arrl 4.9 C) althrugh an occasional pa.:ir was foun:l by 

searching a large length of hedge in the ti.'lle between these counts. In 

a:ldition, mating behavicur was neve.ri observe:i at dawn an any ma:'ning arrl 

it also appeare:i from the follc:wing experiments with sticky traps that 

the males were not attracte:i to phenol at dawn either. In these 

experiments half the traps wer-e always left blank while the rer,iaining 

ones werie baite:i with larger quantities of phenol than was used at dusk 

to :increase the chances of detecting attraction. The traps wa->e then 

place:i in position befarie dawn ard left triere during the flight paiicrls. 

Fcr the f:irst experi:i.rnent on 25th November, 1971, the traps were placed at 

the top, half way up, cr near the gr,oun:i on both skies of the he:ige an:l 

50 µl of 60 g/1 phenol was usa:i in each of the baita:i traps. No beetles 

were caught in any of them (Table 4. 7). Next, on the 8th Novemba->, 1972 

the sticky -traps were placed on top of the he:ige er at Vat'ious distances 

up to 20 m from it at he::lge height cr near> the grourd. The baits used 

on this oocasion were 100 ,ul samples of 6 g/1 phenol solution but again 

no beetles werie caught in any of the traps (Table 4. 7). Finally, on 9th 

Novemberi, 1972 the traps WEre either placa:i on top of the hedge cr near> 

its base an:i 100 µl samples of 6 g/1 p.i.,.enol were again used as the baits. 

'Iwo male beetles wer>e caught this time but they Wer'e both in sepcFate 

blank traps on top of the he:ige an:l all the other traps we.rie empty 

(Table 4. 7). These thr1ee experiiments theriefcz,e canfirme::i that the males 

WS'.'e not attracte:i to females at dawn because they did not fly towards 

phenol at this t.ii--ne. 
It the'.'ef cre appears from all the above observations an:l. 



DATE 

25111/71 

8/lli72 

9/11/72 

:::...:.,~: ~. 7 

;.\;..';';)e'S of beetles ca . .:g:it at da·n'n ir. blank an:l phenol baited 
traps plu.ce:! at various IX)Si ticns on a he:::lze er in a fiehl. 

All distances a.rrl he::.:;.l-its in ;;ietres. 

'l'RAFS W 301:i s:::m:s or 'l;iE !iiJ:X;E I'.AC-! BAITIJ) WIIB A SOul SN!PLE 

'lrap position r 
,lei~ht cf t!•ap fro::: 2 
g'o.Jrd 

Co:-ce.'1tr,ri:::.on ::.n gi l 
of sa.:nple 60 

CATO! 

'lrap pcsiticn E 

Distance of trap 
fra:1 hedge 

0 2 

0.5 

6,5 

20 

Ccncentraticn in g/1 
of sample IO 

CATQi 

'Irap position A B C 
!ieig.'1t of trap 2 2 2 
fror:1 er-ou.rrl 

Concentration 
of g/1 of 0 6 0 
sarr;;le 

'''r ~ l ,,... 
H T :'~ I J NJ K L M ~; M !1 >:a 0 "' ~ 

. 25 1 1 2 2 .25 l 1 2 1 • 25 2 2 2 

0 60 0 0 0 60 0 60 0 0 60 60 60 60 

l~c beetles ca~ht i.'1 any trap 

TRA...D.3 Kr Dfff'ERB!T ?CS!TIO!lS !N TI!E FIELD EACH R,UTID WIIB A lOOul SAMPLE 

1r- ½- 4F 4F 6F 5r G 1-i 1-i 4E \-1 °H 6H I 

Height of trap fra:1 hedge 

2 

2 .25 2 . 25 

2 .25 2 .25 

2 .25 2 . 25 

6 6 6 6 6 6 6 0 0 0 0 0 0 

1/o beetles caught 

'IBAPS m THE SOJTIIERN SIDE OF nu: HIT.GE 
rAOI BAITED WITII A lOOul SAMPLE 

D E F G H I J K K L L 11 

2 

0 

M 

lJ lJ 4J 4J 6J 6J K 

2 

2 . 25 

2 .25 

2 .25 

6 6 6 6 6 6 6 

N N 0 ·, 0 p 

2 2 2 2 2 2 2 2 . 25 2 .25 2 .25 2 .25 2 . 25 2 

6 0 6 0 6 0 6 0 0 6 6 6 6 6 0 6 6 6 

lL \ 6L 

2 

.25 

.25 

0 0 0 

p Q Q 

.25 2 .25 

0 6 6 

CATCH 0 0 1 0 1 0 0 0 0 0 0 
(all rrale) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

R 

.25 

0 

0 

_. 
\Jl 
~ . 



155. 

expedments that most C. zealandioa mate during the dusk flight periio:l.s. They 

than m:tte pt'OE7'0SsiwJly less fr'equently as i:11(~ ni2;ht pt'0[7'85Scs clll.d mating 

only occurs rarely during tii.e second hill£ of the ni~t and never at da-m. 

Flight behaviru.r 

C. zeaZandioa shcwe::J. a crepuscular flight activity pattern; 

large rn.11nbers of beetles flew at dusk fer perio:l.s of between 15 to 40 

minutes (Appen:jix 2.4) but relatively few flew at dawn arrl they wer>e 

only rarely obserive:i to fly at night. 

At dusk the beetles were observerl flying either> at any height 

up to aboot 3 er 4 m above the gr,ourd, in rap:id mere er less straight 

paths an:i in any d:irection cr else hoveriing slooly upwin::l close to the 

gpoUIU cr vegetation. Hcweveri, the transition between these two types 

of flig..ht was smooth arrl i:rogr,essive, so that it was difficult to decide 

at what point the change occurre:i ,although most of the beetles that Wer'e 

hover>ing appeat'e:i to be within about 0 .5 m above plants er the grioun:i 

er less than aboot 1 m downwirrl fran elevata::1 vegetation. 

When hover> ing the beetles constantly face::i into the win::i an:l 

flew to a.n::l. fro api:rox:i.rnately herizontally an:i at right angles to it 

cover>ing a distance of about 0.3 m cr less in each d:irection. Their 

flight paths theriefcre ten:iai to fallow an ll"regular zig-zag f erwal:"ds 

although occasionally they also hoverie:l backwar>ds f<r> shert distances. 

1.11e· flight :pa.tterin then becarne pt'Ogt"essively restrictErl when the beetles 

Wer'e alighting until they wer'e only flying to arrl fro a few centimetres 

just befcrie they lan:ie::l.. This hoveriing flight was shown by all beetles 

that Wer'e aba.it to settle including males that Wet'e fly.mg towar'ds 

females as describe.1 above. The beetles Wet'e also freg_uently seen 

hover' ing fran one clump of vegetation to anot"l-ieri <r> repeate:ily hove:i ing 

up to a plant an::l. between its shoots, then flying rap:idly da-mwi.rrl a 

metre er so ard. starting to hover towards it again. On the fEM 

occasions when thet'e appeare:::l. to be no wind the beetles ap:i;roache:::l. plants 

from any direction an:i criente:::l. towards the plants as if the wirrl was 

blowing from them. 
A r•elatively high density of hoveriing beetles was always found 

near the e:::l.ges of tall plants such as trees arrl shr>ubs if these were 

e::J.ible to them (Appendix 1.l)ard feweri hover'e:i towaros vegetation that 

was lc:w er' neva- eaten. Usually so many hover>Erl about these tall plants 

dw ing the lar'ge flights in the f :irst two er' three weeks of the flight 
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season that they farmed swarms extending about 1 m da-mwind fran them 

but small swarms were only very occasio~lly observed near la-1 plants 

when the largest f li/j"lts ocCl.ll'."red. Many of the beetles in these swarms 

also alighted to mate, rest and this resulted in them being found moot 

abundantly on tall edible plants after dusk. It appeared that the 

flying beetles were particularly attracted. to foliage that was siThcuetted 

against a lighter background or against the sky when viewed fran the 

direction fran which the beetles approached. Pcssibly the irregular 

rutline of the f olia.ge was also important because the beetles were 

rarely seen hovering tcwanls objects with smooth outlines, such as fence 

pests, tree trunks, or buildings but they were often seen hovering 

tcwards i.n~<libLd plants although they usually flew away fran them after a 

shOt't ti.rre . 

Folla-,ing the observations that beetles were attracted to tall 

plants sane 1;3xp31:1irnents were perf orrrcd wi tl-i the sticky traps to find if 

the effectiveness of an attractant was affected by the position of its 

source in the field. These experin~mts were first run in 13 71 when all 

the traps were baited with 50 µl of 6 g/1 phenol an:l. then they were 

re:p;ated in 19 72 when the number of traps WctS increased enabling half to 

be baited with 6 g/ 1 phenol and the rest to be left as blanks . 

When the traps Wero placed on top, half way up, Clt' near the 

base of the hedge and on both sides ot it, the highest mean catches were 

always in the highest traps f ollcwed by those half way up the hedge, then 

those on the ground (Figu..-ne 4.lOa). This effect was moot pr1mounced in the 

catches of males in phenol baited tr1a:ps al though the m.unbers of f2Illa.les 

caught in them also shewed it to a lesser> extent. Fewer beetles were 

caught in blank traps than in bai tcd ones arrl there was a lesser 

difference between the numbers of males and ferna.les caught in blank traps 

although they also shaved the saim :pattern of higher numbers being 

caught near t"le top of the hedge than lotJ da-m. The catches of the blanl<: 

traps thcrefarB demonstrated that mare beetles settled near the top of the 

hed..re than neill" its base while these caupJ1t in the baited trap:3 also .... 
shewed that an attractant was mucn mClt'e effective when positioned near 

the top of the hedge than lcwer da.,m it. Ha-;rever, there was little 

difference between the m.unbers of beetles caught in similarly placed 

traps on both sides of the hedge in relation to the wind directi.an, so 

presumably the beetles could fly between tho branches and shoots to 

reach these traps on the ui:wind side. 
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A series of experim:nts was also perfonred an different nights 

to find hav the numbers of beetles caught in sticky traps en top of the 

hedge canparw with the numbers caught in sticky traps posi tianed at 

different distances up to 20 m from the hedge at grass hei51t or at 

hedge height. The positions occupied by the traps an each ni&g1t and their 

relative catches are shewn in Fi~ 4, Tu for the experiments run in 

1971 ill1.d in Figure 4.Thfc-...r thooe run in 1972 while the reans of all the 

catchas are sha...m in Figi..u:B 4 .10 c. TI1e actual numbers of beetles caught 

varied considerably fran day to day and therefore the catches have been 

shewn in these figures as percentages of the total numbers of male 

beetles caught on top of the hedge so that catches on different days 

could be compared. In these experiments the largest numbers of male 

beetles were again caught in phenol baited traps an top of the hedge 

f ollaved by thooe near the grotmd and at any distance from the hedge. 

Here the catches were about 35 % or less than those on top of the hedge. 

Traps containing i:nenol at h~ge height caught decreasing numbers of 

males the fllr'ther away from the hedge they were placed up to about 6. 5 m. 

Beyond this distance males were cau&1t in approximately equal numbers 
although the catches we.re less.than 10% .of.tha:;e in traps en top of the 

hedge. Traps with phenol plared 2 m above the hedge also caught 

similarly lc:w numbers of males. In blank trap:;, approximately equal 

numbers of male beetles were caught at all pcsi tions except these 1. 5 m 

or rtearBr the hedge and here there was a decrease in the numbers caught 

at grotmd level and an increase: in the numbers caught at hedge height. 

In addition, fewer male beetles were caught in blank traps than in baited 

traps at almcst all positions except thooe 6.5 m or further from the 

hedge at hedge height where approximately equal numbers of males were 

caught in both sample and blank traps . Havever, only small rn.JJnbErr>S of 

beetles were caught in these posi tiais and it is possible that these 

similar catches were due to chance. 

Proportionally fewer females than males were caught in both 

typ::s of trap at all positions except at hedge height and 6. 5 m or 

further from the hedge where the m.unbers of fenales caught in baited 

tra:r:s were approximately equal to the numbers of males caught in both 

baited and blank traps . In general the largest numbers of females 

were caught in baited and blank trap:; on top of the hedge or within 

0.3 m of the top, no females were caught in any traps 2 m above 

the hedge, approximately equal numbers were caught in phenol baited 

traps at all other :i;:.ositions, and none or very few were caught in the 
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Figure 4. 1 Oa 

Pictorial representation of the rrean numbers 
of rrale and female C. zealandica caught in 
sticky tra:i;s at different heights on a hedge 
and at different distances £ran it 

The tra:i;s were baited with solutions of either 6 or O g/1 

phenol. The area of each spot is prop::>rtional to the ~ 

number of beetles caught in all the sticky trai:s set at the 

:position indicated. For canparative purpooes this is 

expressed as a percentage of the rrean number of male beetles 

caught in the sticky traps baited with 6 g/1 phenol oo top of 

the south side of the hedge. nus accamts for differences 

in the numbers of beetles which flew on the different nights. 

(Data £rem Appendixes 2.5, 2.6, 2.7, 2.8, 2.9, 2.10) 
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Figure 4. 1 Ob 

Pictorial representation of the IIEan numbers 
of male and female C. zeauzndica caught in 
sticky traps at different heights and distances 
fran a hedge 

The explanation of this diagram is the same as that 

far Figure 4.10 a. (Data from Appendixes 2.8, 2.9, 2.10) 
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Figure 4.1oe 

Pictorial representation of the rreans of the 
canbined results of the experim:mts sham in 
Figures 4.10a and 4.10b 

The explanation of this diagr-am is the sane as 

that for Figure 4.lOa. 
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CcrTespon:l.ing blanks. 'This thE!('efcre confirmai that phenol was slightly 

attractive to females. TI1e rn.unber>s of beetles caught in blank traps 

also conf irme:i the obser>vations that mere beetles flew near> the top of 

the he:ige than elsewher'e in the field while the nurnbais of males caught 

:in sample traps showa1 that the most effective position fer phenol as an 

attractant fer males was firstly on top of the he:ige an::i then at gr,ass 

height whe,r,eas phenol did not act as an attractant when it was high 

above the gpoun:ls. It thus appeat's that females arie most likely to 

attract other beetles when they ar'e on the tops of tall vegetation. 

The beetles rat'ely flew at night although occasionally sane 

were obserivErl to fly towat'ds a light. This v-.as i;robably only a response 

to being illuminate::l because they often star>te::l. flying when they wet'e 

taken into a lighte:i room at night . If any ha:i flown when it was too 

dar-k fer them to have been seen they wouJd have been :identifie::l fran 

the continuous buzzing srun::l ma:l.e by their wings dtn:1ing flight. Buzzes 

wer>e, however:', fr~uently heard at night, especially .frcm he:iges 

but these usually laste:i much less than a secord an:i wer>e th8"efcre 

most :p:>obably ei theri beetles falling from the he:ige er males runn:ing 

abcut seariching fer females. On two occasions the beetles we:->e obsec>ve::l 

to fly at night urria:i ncrmal circ1.m1stances. This ocCl.JT'l'.Dd on iil'.~ 13th and 

1-+• -"-w'' ~i·ov ,,.,1-.,1., 1,,73 -t-10 <'"'d tlrr\:,.;; d.-:i.vs ,l.fter :1 full rJOCn. On the first of thes" 
J. 1. •. ,.,l.._....,,,,,__. ' .J-.:, ' -\o • ...i.... J 

nights the beetles starte::l flying at irregular> interivals after> the moon 

hill. risen two h01Jr's after dark am. they werie then seen inte.r>mittently 

but with dect'easing .fr~uency ove.r> the next hour' until obser:>vation 

was d iscontinue::1. On the secon:i night very few beetles flew an::1 these 

were only obser-ve::l over> a peria:i of about 15 minutes after the moon ha:1 

risen three h01Jr'S after dar>k • Cb both occc.siora 

the beetles wet:'e observe:i either hoveriing er flying rap:idly on both 

these occasions in the same way as they did at dusk an::i µ,obably the 

main factcr contributing to these nocturnal flights W3.S the moonlight 

because these werie the only two nights within 4 . days of a full moon 

when the moon was not obscure::l by clou:l. The othe:-> env:ironmental 

corrlitions wer>e unexceptional; the temperatures were about l:PC and l'-PC 

on the f:irst an:i secon:i nights respectively an:i therie was veriy little 

w:ird on ei thet' of them. 

Sane beetles were always fourd flying at dawn although 

observations wer>e only rna:ie on 5 mcrnings between tik! 8th Nove:niber and 

4 December, i.r1 1971 and 1972.0n all of these incrinings no beetles wer>e 
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seen on pa.stur'e plants :.uu they WE!'e only obs<.=rwxl on hedges.-

At dili•m r:a-riy of the beetl2s on the hedge r:-.. 1.de 

lx'ief buzzing soun:is when they were obsE'.t"'veJ attempting to fly er when 

they Wet'.'e observe:! falling fran the haige but relc).tively few actually 

flew. The ones that J::id fly usually went d:irectly a.way fran the ha:ige 

al though occasionally tl--i.ey flew back ard f crth along the ho:ige a few 

times flrst arrl they werie rar'ely seen to hova:> towar'Cis shoots on the 

he:ige ard alight thet:'e. However, no beetles Here observe:::l hovE:r'ing 

towarus othe::is on the he::lge at dawn an::i nothing that resemble:i 

p:'ecopulatcry behaviOJr :i.n any way was eve!." observe::l. at th;i.s time. 

Environmental faetoPs affaating rrrzting and flight 

The enviroru:iental factcrs affecting mating am. flight in 

C. zeaZandioa. will be cons:ideroo together because most of the beetles 

rnate:1 during the dusk flig,'1-it pet-icrls an:l because flight plays cJrJ. 

impcr•tant par't in their sexual behavicur' at dusk. 

The environmental factcr that appear'e:l to be most impcrtant 

in deter'min.ing when flight occurra::l was light intensity. The beetles 

only flew between a nar'row range of light intensities arrl the relative 

nurnbet:' of beetles flying at any one tl!,1t} was ap:i;roximc1.tely relate::l to the 

light intensity at that tjJne. 'I'hr'oughout this study the first flying 

beetles usually appear'a::l soon after the light intensity hcd fallen 

below 100 lux at dusk arrl only occasionally were any seen flying between 

150 lux an::l 100 lux. By the time the light intensity ha:l fallen to 

aba.it 50 lux numerous flying beetles were obse:>ve:l an:1 they increase:i 

to a maxirrurn between about 10 lux ai--rl 1 lux. After this the rn.unbe:i 

flying d:i.i-ninislla::l an:l the last ones cease:::! while there was still 

sufficient light left fer the beetles to be seen although the light 

intensity was belc:M the sensitivity of the lighu11etet:'. These 

obser>vations w~e conf irrne:i on fOl.Ir' nights in 19 72 between the 1st an:l 

7t11 November when estimates were r;lc:tle of the relative numbers of flying 

beetles at different tiJiles dllr'ing the dusk flights by photoi)'."2'..t11in,; 

the swarm at the top of the he:ige. On these occa..sians the first beetles 

wer-e usually photow-:'aphed when the light mtensi ty was abcut 50 lux, 

then the numbers in the photogr>aphs increase::i to a maximum between 

abrut 10 lux an:l 1 lux an:i then deCY'easa:i again (Figure 4.11). In 

c:ddition to the photogr,aphs, sticky triaps baita:i with phenol solution er 
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Figure 4.11 

Relationship between the light intensity at 
dusk and the number of C. zeaZandiaa in flight 

The relative numbers of beetles flying were detennined 

from µ-i.otogriaii15 ( see Figure 4. 2) arrl the light intensity 

was determined by placing the sensor of a light rooter 

horizontally and facing uµ-,anl. 
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with water:' as blanks WE!l'.'c set rut on top of the hedge on these 4-

nights an:l the cll'.Tival patterns of beetles to the.m we:>e examine:l to 

investigate how the responses of the males to the sex attractant Vat'ied 

at dusk. The results of this arie given in Figure 4.12 an:i showed that 

the relat:ive numbers of males ai:>riving at phenol baited traps followed 

apµ,ox:i.mately the same pattern as the relative number,s of beetles 

flying althcugh there was a ten::lency fer the numbers of males aririving 

at the traps to increase an::i decr>ease slightly befcre the nurribet-s of 

beetles flying. Possibly this effect was due to the beetles f .in:ling 

it easier to settle on the sticky traps when there was mere available 

light early on in the flights. 

Few beetles wer:-e fa.m:l on the hedge during the first par't of 

the dusk f lig.11ts 'When the light intensity was high an:i they only starta:i 

alighting in any nwnbers after it ha:l droppa:i below about 10 lux. Males 

an::l females settled. appavently at the same rate because the ratio of 

ma.las to females in beatings taken fran the ha:ige at var1ious ti..'11.es 

dur'ing the flight per>icds on 4 nights in Novernberi, 1972 stayed 

apiroximately constant (figut'e 4.13). 

The ti.ming of the dawn flight also appear'ed to be d etet"mined 

mainly by light intensity an:i this was conf.irma:l by deterim.ining the 

relative rnmlbers of beetles that flew at differ-e..rit times together> with 

the changes :in light intensity on twee rrornings in 1971 an::l 1972. 

The nwnba:>s of fly:ing beetles were estimate:i by pe!'ia:iic co..mts since 

it was fourrl that the nl.llnbet's were too low fer then to be estimate::! 

photographically. The results ar1e given in Figure 4 .14 ard. ru1CJ.J 

that the beetles flew over> the same range of light intensities at dawn 

as they did at dusk, but that at dawn most flew when the light .intensity 

was between 5 lux an:i 50 lux whet'eas at dusk most flew when it was 

between 1 lux an:i 10 lux. This d isa:'epancy could be due to the counts 

being biased. tooaro.s high light corrlitions when the chances of 

observing the beetles in flig1.t would be better. 

Tue numbers of beetles that flew at dusk shows:i consid.er>able 

day to day variation althcugh thec>e was a gener-al ten::l.ency fer them to 

be largest early in the flight season during the first UJO to twee 

weeks in Novanbei:' an:1 after> this they diminished until few be.etles we:>e 

obse:'Vo:i to fly by the en::i of December> . This seasonal Vat' iation 

µiobably reflected ciia.nges in the number-s of suitable a:lults in the 

fieJd wher'eas the shcrt ter:-m fluctuations appeaI'e:i to result fi::,an the 
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Figure 4.12 

The numbers of ma.le and female C. zealandica caught 
in sticky traps baited with 6g/l phenol at different 
times at dusk 

This graph shows the actual numbers of males caught in 

each trap, the mean numbers of ID3.les caught per minute, and 

-the mean nurrbers of fema.les trapped. 

Overlay: Figure 4.11. 1his shows the relationship between 

-Date 

1/11/72 

4/11/72 

5/11/72 

7/11/72 

tl1e above catches and the light intensity and 

relativ(~ numbers of C. zeaZandica flying. 

Sex of Catches in traps Total catches in 
beetles baited with O g/1 traps baited with 
caught phenol 6 g/1 phenol 

Male 4 2 4 122 104 99 

Female 0 0 1 0 2 2 

Male 3 2 1 85 77 128 

Female 0 1 0 3 4 10 

Male - - - 34 47 23 
Female - - - 3 1 l 

Male ') 19 4 284 88 283 ,._ 

Female I 0 1 0 3 0 3 
·--~ I 
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Figure 4.13 

Relationship between the ratio of male to female 
c. aeauzndiaa on the hedge at different times at 
dusk and the light intensity 

The light intensity was ireasured as far Figure 4.11 

while the sex ratio was determined fran beetles knocked 

fran a hedge onto a beating tray underneath. The total 

numbers of beetles collected for each detennination are 

indicated by the small figures next to the symbols. 
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Figure 4.14 

Relation.ship between the light intensity 
at dawn and the rrumbers of beetles 
observed flying 

The light intensity was ~ured as explained far 

Figure 4.11. 
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influences of temperature, wind, and rainfall durinc thl dusk flieht 
:.er_. "'lOOS. Hi.0-1-, t ::,,.• emperatures a· .. this tiTile tendL'Cl ·to favour lar~ fligits 

·,,rhi.le strong winds or heavy rain tended to depress the nurnbers flying. 

0ft:::n fewer beetles seemed to errerge on those nir;~ts whe.'1 the conditions 

·..,\T<~ unfavourable for lar_se flid1ts but a hi01 prolX)rtion of the beetles 

L1c:i.t were visible a£ter tl1e dusk. flie;hts were always found copulating 

so rrati.ng therefore. readily occurred under all the envirorurental 

caiditians exp:;rienced dur.in13 this investi:;ation. 

The temperatures at dusk ranged bet11JC:cn 9. E?c and 21 °c 

t1rour;hout t'"lis study ( Fizures 4 .15 and 4 .16) but they were never la,;, 

~:1ough to inhibit flight altoeether because soL."ic:! b2etles were observed 

to fly on every nit~ht once e..'Iler'eence oo,e;an. 

::i·1":r th~ dusk fli01t periods were recorded in 

'.'u.ried betwe;:.m O rrJ:mi.n and 245 mmri.n (Fi.3ure 

'lh~ average wind s paeds 

19 72 only, when they 

4.16) but the beetles 

•.1sually did not fly in winds of moru than about 100 m/rnin except when 

t;1ey were in sheltered places such as da-.nw:i.nd from plants . Ra.in 

::;2cmed to depress the nUiilbers of beetles th:it fkw when it was m::xierate 

to h1.;avy but light rain appecl.rDd to have li ttlc effect. It was also 

0·vidcnt that surface water could affect the flights but this was only 

otsaived onre on the 20th November, 1971 when few beetles flew even tholli#1 
"' 1• 0 c d th • d • On this w'-12 ternperatt.rr'e was -'--+ an • ere was no win or rain. 

occasion a munderstorm about two hours befor"B dusk had left large 

.::TC2..S of the fields covered by water illld This had presumably stopped 

rreny of the beetles from eIIBr'fu"D1g. The only cP:viroDTIEntal factor tl-tat 

c.:.pfearc..-O to havt:: no ef feet on the numbers of beetles that flew at dusk 

·,ns the r>elative humidity. This wc:is only recat..,ded in 1971 and 

'12..ried between 80% to 100% at dusk, sh0t1ing a tendency to increase 

j uring t."'1e evenine (.D..ppendix 2 • 4) • 

'The numbers of beetles caur;"ht in the sticky traps reflected 

ti,~ observations on the m.unber mat flew each ni!311t to sore extent. The 

J:J.:Tage nu:mberS of male and female beetlss that v:rere cc1.udf1t ;::;ach nip;ht 

i__.--1 bl2.nk ill1d 6 g/1 phenol baited sticky t.T'aps ill."D given in Figures 

t.. 15 2nd 4 .16 and t11ese shCM that generally a.11 the catches declined 

::.ftcr the first two to thr"'0e weeks. It was cJ..l.so apparent thnt in 1972 

.;. :1i8'11e.r ratio of males were cau£ht in phenol baited traps than i.'1 the 

jl,~s early in the flight season than later on. The smre effect was 

:.lso found in 1971 although it was not as prmouncc,>d as in 1972. It 

- f -prP""v,c, m·• at the males flew tcwa,."'Cis i:hcnol n10n3 effectively b1~ or'B o. r~--~ '-' -
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Figure 4.15 

The average numbers of male and female c. zealandica 
caught in sticky traps baited with solutions of 6 or 
O g/1 fhenol in 1971, together with the temperatures 
at dusk 

The numbers of beetles caught are taken fran the 

results of all the trapping experiments whilst the air 

temperatures are taken fran Apperrlix 2. 4. 
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Relationship between the light intensity 
at dawn and the numbers of beetles 
observed flying 

The light intensity was rooasured as explained fer 

Figure 4-.13. 
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early :in the flight season un:i theriefcre mere of the males p:>obably also 
foun:i females at this tirne. 

The temper1atures arrl averiage wirrl specrls dU!:'ing the dusk 

flight per, ia:ls ai.--ie also given f cr each night in Figure 4.15 an:i 4.16 

while the nunibe:-s of beetles caught in the irrliv:idual traps at each of 

these tempa:'aD.Ir'es an:l win:i speeds are given :in Figure 4.17. These 

shew that gena:>ally the rn.Jrn1)e:-s of both males ard females in blank a.rd 

baite:l traps iJ1cr'ease:l with :increasing te.'nperiatl.lr'e an:i decr>eas:i.ng 

wirrl speo::l. When thest.: We:' e analysej statistically, however>, only the 

catches of males in pha.101 baite::i traps in 1971 and 1972 an:1 the male 

catches :in blank traps in 1971 were significantly ccrrelate::l with 

tempEI'.'aturc an:l win:1 spee::l as shown in Figur'e 4.17. The relationship 

of thess catches with temper>ature was most significant when the 

regr,ession was linear while the best relationship with w:in:::1 spee:l was 

logarithmic (Apperrl ix 2 .11) . The male catches in blank traps wa:-e 

also significantly ccrrelate:i with temperiatl.lr'e in 1972 :i£ the catches 

on the first night werie exclude:l (Appen:lix 2.11) a"rl this was justifiable 

because the beetles lw just starite:i to emer>ge. In a:idition to these 

aJ1a.lyses the simultaneous eff(..>cts of temperatur>e an::l wirrl spea:l on the 

1972 catches wcr1e also investigate:l by rm.1.ltiple regr>ession analysis 

because the w.in:ly days ten:ie:i to be the cohl ones arrl ther>efcrie any 

relationship with one wouJd hohl fa:i the other>. This analysis showed 

that wfrd spee::i only was significantly ccrrelats::i with the number of 

ma.le beetles caught in the ba.ite:1 traps when the catches on all days 

We:'e considere:1, thrugh when the catches of the first night wer:'e 

exclude::l. bot>i. ternpEratl.ll'."e arrl win:l spea:l showe::l sign:i£icant in::leperrle.nt 

ccrrclations with the number-s trappe:1 (Apperrlix 2.11). However:', the 

distribution of these catches was not na:•mal, possibly because ther-e 

wEre so many Zet'os, ard ther-efa-e non-par'a111etric regi:1ession metho:ls Wet"'e 

use:1 to check the sign:i£icance of the above f in:lings, which they 

conf irme:l (Appen:iix 2 .11). The number>s caug,1:1t in the blank traps 

the:'ef<X'e demonstrate:i that the number:' of flying male beetles 

increase::i with .inCC'easing tempa:-atur>e an:i the 1::aite:i tr>ap catches 

demonstrated that the number' of male beetles that wa:-e attracte:i to 

phenol also increasEd with increasing temper>ature arrl decreasing w:in:i 

spee:i. Tue non-significance of the other> relationships between the 

numbCY's of females caught arrl ternpa'.'a"b.lr>e er wirrl spee:i, arrl the mllnba'.' 

of males caught in blank trc;!.pS arrl win:i spee:l d:id not necessat'ily mean 
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Figur-e 4.17 

Relationships between the numbers of male 
an::i female C. z ea Zandiaa caught in sticky 
traps baite:i with solutions of 6 er O g/1 
phenol arrl the temperature an:l wirri spee:i 
at dusk 

Wher-ever the numbers of beetles caught are 

significantly carrelatoo with an enviromiental 

factcr (P<0.05), the regression line an:l its 

equation is also sham. 

Note: The numbers of beetles caught, N, are 

shGm on a log scale of (N+l). 
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that no relc=rtionshir, ezisted beh,een the.m but rather that the numbers 
in the catches we-re t 1 f • • • 

rJ:::; ow T>r significance to be apparent from the 

number of sarr,pl2 s • /\. ll these catches did, however, tend to support 
th\'; obser,,c1tions th:::.t ·fr,e n'LJilber• of fly;.,,.,g bee+les • d ·+h 

• • _._,, L increase wi L 

increasbg ter.perature and decreased. with increasing h6nd speed 
(Figure 4 .17) . 

Discussion 

Sex attl•action 

It has been clairred that the female C. zealandica uses 

phenol as a sex attructilllt for the male (Chapter 1) and it has been 

derronstrated in the present study that phenol is attractive to 
11B.le C. zealandica. The possibility still exists however, that the 

female rnay liberate some synergistic chemicals along with phenol 

since many sex pheromones have rrore than one component (e.g. Jacobson, 

1972; Roelofs and Carde, 1974), and Osborne and Boyd (1975) have 

recently found that the resin "Dure½ 12687" contains an odour 
---==-synergist for phenol. 

It is also interesting that in the present investigation rrore 

ferrales were caught in sticky traps baited with phenol than in blanks 

although the numbers were very low compared with the numbers of males 

that responded to phenol. In fact, with the exception of one 

experiment, the female numbers trapped on any night were too small 

to derronstrate significant attraction. However, when the entire series 

of trapping experiments was considered, the numbers caught in phenol 

baited traps was almost always greater than the numbers caught in blank 

traps (greater on 20 nights, less on 2) and this was significantly 

different at the P<0.01 level using a non-parametric sign test. In 

addition, the numbers of females trapped also tended to increase with 

the quantity of phenol used in the traps. Thus a clear indication was 

obtained that phenol is weakly attractive to ferrale C. zealandica. 

A somewhat similar result was obtained by Ladd (1970) in a field 

investigation with the rutelinid Popi lla japonica Newman. • Firstly, he 

found that males were attracted to squashed females, thus deJTDnstrating 

chemical attraction; then he found that large numbers of ma~es and some 

ferrales were attracted to traps baited with virgin females, and that the 

rn..1rrll:iers of both sex were greater than the numbers caught in blank traps. 

Smith and Hadley (1926) cllso repoY't:ed that in the field P. japonica 

frequently con2;cer;ate .in 17balls" of up to 200 strugglmg :.i.ndividuals, 

and Ladd ( 19 70) f mi,--id that these either consis-r:ed of one 

feID7.le with rna,y maJ_es, sev,:ral feITBles v1i th m<',~:y ma.Jes, 
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or n\.Im3rous r.iales by th8IIIS12lves. He concluded that the female rcL,~ases 

a paierful sex attra.ctant for the rral8, and that ai ther an aggregation 

ph\:!rononc is rele.:is2d by the rral(.; which attructs both sexes , or a weak 

pherc:rnone is released by the male wr.ich 2..ttn1cts the female. He did 

not, hcwever, seem to consider tri~ possibility that InJ.1.es mi.0,1t becorre 

attractive by previous contact with a female in a ball. This was later 

resolved. by Alder and Jacobson (1871) who obt:u.ned an indication fran 

electrop"lysiological ~thcxls tnat tl1e female P. Japonica probably 

prcxiuces a sex :[:heranon8 for the nrue mrl that the In:J.le produces a 

p-ieranone whic.11 attracts both sexes. In .::i.ddition, aggregation pheromones 

which are produced by the nE.l.e have been fol.lirl in other Coleoptera, 

particularly arrongst the Scolytidae c~.g. Jacobsen, 1972; Borden, 197'}), 

so it is tempting to suggest that a similar acting r,heromone is 

proouced by the r.rue of c. zealandica. Nevertheless, further research 

is required to detennine whether this is so because, from fue present 

results, it is just as likely tnat the fernale c. zea"landica is weakly 

attracted by phenol, or that the male produces n weak attractant for 

the ferralc!. In addition, a pheromone rruy not be involved at all, and 

the females may bs;; responding for instance to visual or auditory 

stirruli from the swarrn of male beetles flying to me phenol. 

A number of female Scarabc:i.eidae are no;-v known to use a sex 

pherom::me which attracts the nales . This has been discovere.d by 

observations of males be:i.ne attracted to squashed females, "i.heir extracts, 

or to containers from which feuwes had recently been removed. The 

species include fue ID3lolonthinids Rhopaea magnioornis Blackburn 

(SooJcoand Roberts, 1965), Phyllophaga deaemlineata (Say) (Lilly .:md 

Shorterhouse, 1971), and Plectris aliena Chapin (Roberts, 1968); and 

the rutelinids Phyilopertha lanaeolata (Say) (Travis, 1939) and Popiila 

japoniaa Newman (Gconewardene, Zepp, and Grosvenor, 1970). It is al.so 

kncwn tl-iat the attracta.'1'lt is located in the abdom:m of the female and 

not the head or thorax in R. magnicornis (Soc:1.co and Roberts, 1964), 

and P. deaemlineata (Lilly and Shorterhouse, 1971). In addition, 

Jeannel ( 1960) also reported that the w:i.neless fernru.e Paahypus aornutus 

Oliver (Pachypo:iinae) emits a pherorrone which attracts males, and there 

are other species with sedentary females and males with grieatly 

developed sensory organs amongst the Melolonth:i.nae, Dynastinna, and 

Rutelinae (e.g. Britton, 1973) which are likely to use pherononal 
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canmunication between the sexes. 

At least one r.elolonthinid might not use a female pheromone: 

Tashiro and Fleming (1954) obtained neglig:".ble attraction of rrale 

AmphimaUon majalis l,Razourn.a1sld.J to live virgin fema..les or extracts of 

them in field trapping experiirents, and Roelofs, Pulver, Feng, and 

Ganlbrell ( 19 6 7) chrornatographed acetone extracts of females illld tested 

the fractions on males in the laboratory without result. The chroma­

tography presumably ruled out the possibility of masking agents being 

present in the crude extracts, but it may also have separated vital 

components of the pheromone; or else the pheram:::ine rray be a highly 

reactive substance whic.11 loses its attractancy, 

Mating sites 

Ri tc.11er ( 195 8) repoi..,ts that thG choice of rnating sites in tne 

Scarabaeidae varies with the subfamily cmd from genus to genus within 

the subfamilies. Amongst the Melolonthinae the genera Serica, 

Dip Zotaa:is, u.nd. Phy Uophaga mate at night whilst the female continues 

feeding on foliage (Ritcher, 1958). Females of Pyronota, which are 

active during tl1e daytirre, also feed during copulation (.Miller, 1925) 

so that the observation that the female C. aeal,andiaa also fee.els whilst 

copulating is not unusual for this subfamily. A. majalis, a crepuscular 

species, mostly rnates 3 to 6m above the ground on trees (Schwar<lt and 

Whitcomb, 1943); P. deaemlineata also mates an trees at twilight (Ll.lly 

and Shorterhou.se, 19 71); and Rhopaea verreuxi Blanchurd will rna.te on 

the leaves of Eucalyptus. R. magniaornis and Rhopaea heterodaatyl,e 

soror Blackburn, on the other hand, I1E.te only an the gr'Ollll.d (SooHoo and 

Roberts, 1956). Other melolanthinids mate on flowers in the dayti.Tre 

(Ritcher, 1958); whereas P. lanaeoiata mates in the irorning on the 

gl'.'ound (Travis, 1939); and PhyUotoaus, and Pyronota presl.UTlably also 

rnate in the light (Britton, 1973; Bram, 1966). Copulation during 

daylight also occurs in the rutelinids Anomaia aenea Geer (Rittershaus, 

1927); Phyllopertha hortiaola (L.) (Rittershaus, 1927; Hilne, 1960); 

and P. japoniaa (Ladd, 1970), 

Ll. ttle is published concerning mating in oti11er Scarabaeidae. 

A. tasmaniae Hope (Aphcxliinae) mates at twilight apparently in dung pads 

(Carne, 1956), and the Dynastinae, which are nocturnal (Britton, 1973), 

mate either an the surface of the soil, in soil, or beneath the surf ace 
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of the gr:,ound (Ritcher, 1958). Tne Cetoniinae are nocturnal, and many 

IIB.te an flcwers, whilst the valginid r;enus Miarovalgus is only active 

during daylight (Britton, 1973), and Valgus mates within termite 

galleries in stwnps or fcl.len trees (Ritcher, 1958). 

General nocturnal, activity 

It is interesting to note that Farrell and Wit11t:rnan (1972) 

confirmed some of the firrlings of the present study concerning the 

nocturnal activities of c. zealandiaa. They reported that ma.ting took 

place during the first hour cJ.fter the cessation of flie):1t on the 

foliage of pasture plants . Furthermore they noted that tl-ie numbers of 

both sexes declined at a similar rate thrcughout the ni~t: on pasture 

the time taken for half the b~etles to return to the gr,ound mostly 

varied from 3 to 6 hours after the onset of darJmess, whilst the beetles 

remained on i;,1illow tr'c8s for longer, half returning after about 6 to 7hours, 

and the greatest numbers returning at dawn. They detected no fli£71ts 

cMay from trees during the night, but foun:l that the beetles did fall 

to the grcurrl from them. They also never observed flight at dawn 

perhaps because the air temperatures were too la,., for this (below 10°c), 

but they observed 8 aclul ts gliding dam at an illlgle from trees . 

However, flight at dawn has been recorded during the present 

investigation, and this confirms the observations of Hilgendorf (1902). 

Flieht and its relationship to mating behaviour 

The present study confinned that rrales of C. 2ealandica 

frequently fly to females to mate with them. This had already been 

indicated from brief co:rrn:i.ents in the literature illld from the results of 

field tr'apping studies with phenol published by other research workers 

(see Q-iapter 1, and the introduction to this chapter), but the present 

description of this behaviour is the first detcJ.iled one. Flif[pt is 

also knam to occur at the same time. as rrating in A. aenea Geer 

(Rittershaus, 1927); A. tasmaniae Hope (Carne, 1956; Ma.elzer, 1961); 

and in P. horticoia (L.) (Milne, 1960); whereas the male is kna-m to 

fly to the female in A. majaZis ,Ra.zoum::1t-1sky"l (Schwardt and Whitcomb, 

1943; Gyrisco, 1.Jhitcanb, Burrage, Logothetis, and Schwardt, 1954); 

p. cornu tus Oliver ( J eannel, 19 60) ; R a Ziena Qi.a.pin ( Robe1,ts , 

1968); P. lanceol,ata (Say) (Travis, 1939); P. deaemlineata (Say) 
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(Lilly and Shorterhouse, 1971); and R. magnicornis Blackburn (SooHoo 

and Roberts, 1956). 

Many of the general observations concerning flight in 

C. aealandiaa ma.de in the present study were la .. er confinred by Farrell 

and Wightman (1972) who investigated the flight and feeding activity 

of this insect in the Nelson provinc:e. They reported two types of 

flight activity: weaving, apparently randomly directed flight at lcw 

altitude ( <O. 5m) and rrore directed flight at higher altitudes ( l-3m) • 

The fernier was punctuated every few rretres (<SOm) by the beetle hitting 

gt'ass stems and falling to the gpound, follav d by its clliribing to the 

top of a gpass stem am. taking flight again. The latter flight 

OCCl.lrrBd less often early in the flight season and was predominantly 

tc:wards the highest siJhouettes on the beetles' horizon. 

Farrell and Wightman (1972) examined the internal condition 

of C. zealandiaa adults and £ ound that only 6% of the apparently older 

beetles feeding on pasture contained eggs, suggesting that sare females 

laid eggs before feeding. They also similarly obtained evidence that 

rocst females ovipcsited before flying to trees thus supporting the 

evidence already noted in the introouction to this dlapter which 

indicates that the behaviour of female C. aealandiaa changes with age. 

The behaviour pattern of C. zeal,andiaa is suggestive of that 

of P. horotiaola as reported by Milne (1959, 1960). P. horticol,a flies 

during the dayt:i.ne arrl shews two roueJlly equal nnd half-overlapping 

µ-iasas of activity. In phase 1 there is a "feverishly busy concen­

tration" of nal.es alternately weaving in flight clcse over the grotmd 

and alighting to run around. The average height of this swarming 

flight is abcut 22cm and it occurs over patches of grotmd where larvae 

have developed. The female spends practically her entire life belc:w 

gr,ound, earning up very briefly nOd and then to rrate, and when she does, 

she "perambulates" sl<Mly around on the sward and copulation is quickly 
initiated. In phase 2 swarming shifts to deciduous trees and bushes. 

The nale flight is the s.:ure as over the grass. 'lhere are, hc:wever, 

nore females which fly rn::>re often in short hors frcm one piece of 

vegetation to another. Sone females also fly directly tcwards tall 

vegetation, or' eftJay £rem it tc:wards the gr>ass, and this was terned 

''bee-lining". Male and female outgoing fligjlt is also different: the 

male outgoers keep la,, and generally go dOiJ11ward in a curvine pa.th to 
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the gr-ass 10 to 20m away, whereas fernaJ..es initially go in mostly 

straight climbing paths cJnd descend usUu.lly 100m or more cllmy. They 

then either ''bee-line" again or dig into the soil. Male outgOE!l:'S are 

those that have spent the night on the foliage u1d are joining the 

activity on the gr><J.Ss. "Bee-lining" only occur.:; when the sun is 

shining, and the beetles go in any direction in calm weather or dcwnwind 

in a ma:ierate br-ceze. 

Many authors have noted that males of C. zeaZandiaa start 

flying earlier in the season than females (Olapter 1) and Farrell and 

Wightman ( 1972) conf irned this. They found that rrales predaninated in 

flight traps from the 2nd to 6th November, whereas females predcmi.natecl 

in catches after th'-" 12t..11 Noverrber. 'This also tends to confirm the 

change in behaviour of f em:i.les with age. Havever, in the present study 

there was only a slight difference between the relative numbers of 

nale and female beetles that landed on hedges during tli.e entire fligtit 

season until the numbers of beetles that settled there reached la-l 

levels. The beetles also swarrred around the top of the hedge fran t.1.e 

very first day of flight onwaro. and this suggested that lmI1Y of the 

females flew to the hedges en first errergence or very scxm afterwards 

in the area of study. It is still pcssible, ha.vever, that at this 

Hamil ton location many of the beetles shaved similar behavioural changes 

wit½ age to th.C6e at Nelson, and to P. hor-tiaoZa, except that the first 

behavioural µiase was very abbreviated. 

It appears -c1at different s:i;,ecies of Scarabaeidae can be 

arranged into a series accoroing to their mating behaviour: this ranges 

from flightless species which rnate only near the ground, through species 

such as P. hor-tiaoia which spend the first half of their lives mating 

near the ground and the last half mating in trees, and culminates with 

species which apparently mate only high up in trees, such cJS A. ma.jaUe 

(Razo'l.lJl'la.vsky) (Evans and Gyrisco, 1959), and P. deaem"lineata (Say) 

{Lilly and Sharterhouse, 1971). Furtherm:,re, it appears that within 

this series c. zealandica represents an interirediate step between 

P. hor-tiaoZa and th.CGe species which mate in trees. 
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Long range orientation whi 7,st in flight 

The behaviour of adult C. zealandiaa when flying tooartls tall 

vegetation Wu.S found both by observation during the present study, and 

by Farrell and Wigh tm.:i..n ( 19 72) who tracked the flying beetles, to be 

similar to that described by a number of research workers for 

Me lo Zontria me 7.,o Zon tha L. Tne principal .investigations concerning the 

flight of this latter insect were ma.de by Schneider (1952, 1954) in 

Switzerland, who facilitated observation of the beetles by tying paper 

streamers to them, and by Couturier and Robert (1952, 1954) in France, 

who investigated flight tavards silhouettes by pcsitic:ning lightly 

coloured smoke screens to obliterate portions of the horizon and 

subsequently observed the direction of the beetles' flights . 

.According to these authors, adults of M. meZolontha fly at 

dusk. They first describe a spirc:.l fligtlt of increasing rndius above 

trie errergence site and then fly tavards a specific point. Dt.n:iing the 

preliminary flight the entire horizon is examined optically and a 

certain sect.ion is selected as the prim.:rry fli@."lt goal. Usually th.is 

is the section of the horizon offering the silhouette of nrod.mum hei~t 

CNer a,., arc of 50 to 90° (a hill or wocx:iland), but a near siJhouette 

is as attractive as a distant one of double the apparent height on the 

oppcsite horizon. In the absence of a high silhouette, the beetles 

fly to neighbo1..Ir'ing single or grouped trees . If _bad weather delays 

em:rgence the beetles prefer siJhouettes offering the greatest contrast 

with the sky, and if cloud lavers the contrast of a preferred 

siJhouette, the beetles choose another high contrast silhouette. The 

beetles fly clcse to the gr'OlIDd ta,Jards these siJhouettes and the li.,e 

of flight is therefore not direct. If the pri.rrary flight goal is 

unsuitable for feeding, a second is selected in renewed spiral flight. 

Schneider (1952) also notes that Mefol.,ontha hippoaasta:ni Fabr. 

behaves in a similar way, but prefers trees or similar objects in the 

i.nJiediate vic:i.ni ty. If such vegetation is lacking, they fly tavards 

the highest siJhouette unless this stands out against a very bright sky. 

In C. zeaiandiaa it is not lala.m whether the adults des<r.ibe a 

pre}iJn:i.nary spiral flight before flying tc tall silhouettes, but Farrell 

and Wigh1Jrar1 (1972) reported that beetles fran the ScJmc area of pasture 

fly in well defined directions tavards a number of different praninent 
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silhouettes, in a manner similar to the fligtlt parting or "flascheide" 

of M. melolontha described by Schneider (1954). Farrell und Wightrran 

(1972) also reported that the average height above the ground at which 

C. zea"landica flies when eoing tavards tall silhouettes is 1 to 1.5m 

over level gr'Ollll.d and 0.5 to Jm when ascending a slope. These latter 

authors canfinred that C. zeala:ndica only settles on foliage and not 

fence posts or tree trunks, and discriminates between different tree 

species (Appendix 1.1) . This, therefore, suggests that long-range 

arientation ta-1ard the silhouette of the target feature is suc03eded by 

a short-range behavioural response involving acceptance or rejection of 

the site in a similar IIBIIDer to that reported for M. me'lo'lontha by 

Schneider (1954). 'Ihis was further canfirrred in the present study, in 

that the swarms of C. zeaZandica were densest dc:wnwind of plants 

presenting very irregular or finely broken up silhouettes which had 

srne depth to them in relation to the ur;wind direction of the beetles' 

flight paths. It was also noted that C. zea"landica swarned around 

plants of lav and IIEdium height as well as tall plants when these were 

near each other, and that al though the swarns of hovering beetles were 

densest near i:he top of the vegetation, they also flew dcwnwind fran 

the side edges of isolated. plants. This behaviour', therefore, suggests 

that the highest silhouette is not always the preferred target, and 

that the flight behaviour of C. zea"landica may be clooer to that of 

M. HipfOCa'3tani as reported by Schneider (1952). 

Orientation tcw ar-ds silhouettes ;;1UJ also been suggested to 

occur in the nelolonthinids A. maJalis by Gyrisco et aZ.(1954), 

P. deaemUneata by Lilly and Shorterhouse (1971), and in three species 

_: of Pyr-onota by Br>a-,n (1966). It is also interesting to note that. 

possibly the shcrt-range visual responses of A. maJa."lis differ from 

those of c. zeaZandica and M. meloumtha because Schwardt and Whitcomb 

(1943) reported that A. rnaJaZia flies around teleµione poles as well 

as trees. 
The dusk flight behaviour' of the a:i;:hodi.inicl A. tasma:niae is 

aLso of interest in that this ;carabc:Jeid apparently does not ar'ientate 

to distant siJhouettes (Maelzer, 1961). According to Carne (1956) the 

adults of this species all take flight at about the sama ti.Ire and 

either fly to dung pads where they mate, or fly in broad spirals 

interupted by short straight flights with changes of height. 
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Occasionally they also fly :in straight lines for longer distances 

before resuming spiral fligt1t again. Maelzer (1961) also found that 

A. tasmaniae which were not flying to;,.,arus dung pads flew apparently 

at random if it was caJm, and do;,.,nwirld when there Has a wind, irrespec­

tive of the wind direction. 

'l'he effeativeness of the sex pheromone as influenced by the position 

of its source in the field 

During the present study, the position occupied by the source 

of the sex attractant of c. zealan.diaa in the field was demonstrated 

to have a very gr,eat influence on its effectiveness by the use of 

sticky traps. By far the largest numbers of beetles were always 

caught in these traps placed on top of the hedge where the beetles 

swarmed f ollo..ved by traps at gt'ass level at sane distance from the 

hedge, whilst traps placed lcw dam, close to tl1e hedge or high in the 

air were relatively ineffective. The numbers of females caught in 

blank traps also indicated that most females also alighted an top of 

the hedge, and furthe.rrrore, since Jche ratio of males to females caught 

in blank traps on top of the hedge was nnch higher than the ratio of 

males to females that eventually settled on the hedge, it was also 

likely that in these swarms, the females spent less tirre flying than 

the males or else the rrales settled and took off again :mare frequently 

than the fenales . These experimmts therefore indicated that aggregation 

aids the rrale C. zealandiaa in finding its mate, although t11ere may be 

other advantages in this behaviour such as bringing the bee·tles to the 

gt'CMing shoots of plants. Hcwever, it is not unreasonable to suggest 

that the females of c. zeal,a,n,dioa are more likely to be effective in 

att::r>acting males, and therefore more likely to be mated, when they are 

in any situation in the field where swa:rns farm and not only at the 

top of barberry hedges as investigated here. 

Soo Hex) and Robe...vts (1965) noted that the "adults of m:my 

scarab s~cies in Australia are attracted to a ccmnan food sotrr1ce, such 

as Euaaiyptus trees, ~-ihere they feed an:l mate; such species have no 

need to rely an sex pheromones to bring the sexes together and are not 

knCM'I1 to pro:iuce them". They also noted that the North .ArrBrican 

P. 7.,anoeolata feeds on lc:w plants and that its µ1erom:me is presumably 

of great selective advantage as a mechanism for tmi ting the sexes. 
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Farrell and Wight:rran ( 19 72) have also noted a trend fran tree feeding 

to gr'Ound feeding with an accompanying lass of migratory fligpt. 

Havever, as ab:>eady rrentioned, am:mgst the tree r .. :ating Scarabaeidae the 

female A. ma,jalis apparently may not produce a pheranone, whereas the 

females of P. japonica and C. zealandica do. Ritcher (1958) also 

reported that 8 or niore different species of Phyllophaga find their 

mates at night on the sane trees so different sex pheromones would be 

of selective advantage at least in this case. 

There appears to be two likely explc1I1ations to accomt for the 

ineffectiveness of phenol baited t:raf:6 when placed high above the 

gr,ound (2m), or close to the ground an::i near the hedge. Firstly, the 

response of the male ma.y be stronger to the siJhouette of the hedge 

than it is to the phenol at other places; and secondly, the combined 

pheromone liberated by all the females on top of the hedge m3.y be nuch 

greater than that liberated by isolated traps at other pl.ares. 'Ihis 

would result in the odour from these traps being negligible by 

comparison so that the beetles would respond to the stronger stimulus 

from the top of the hedge. Observations of flying beetles suggest 

that the nales fly to the aggregation sites using the visual sti.mulus 

of its siThouette as discussed above, and that they then respond to the 

female pheromone at short distances of perhaps less than lm. On the 

other hand, those _ma.le beetles flying close to pasture poosibly care 

into contact with the effective region of a female's pheranone m::>re or 

less by random flight. Furthermore, it also appears that the response 

of IIEnY of the beetles to a high siJhouette is not very strong because 

IIEnY fly and are attracted to a phenol source close to the grass and at 

sane distance from the hedge. Hcwever;the response to the siJhouette 

becores increasingly stronger when the angle it subtends above the 

hat'izontal increases to more than approximately 30° to 45 ° ( <6. 5 - 10m 

away from a 2m high hedge). 

Close ranee orientation of males flying tOl;)ards females 

In close range at'ientation visual stimuli from the shoot on 

which the attractive f ema.le is located probably also suppleirents the 

influence of the pheromone dl1r'ing the approach of the male because 

females often describe a few hat'izontal zigzags before alighting on a 

shoot of foliage. The zigzag flightpath of a ma.le approaching a female 



181. 

or phenol source is, hc:wever, very much more pronounced and this is 

of interest because it fits the proposed rrechanism of Farkas and Shorey 

( 19 -;t.) to explain h(J;-l an insect c:an orient and fly tavards a distant 

:i;neramone s a..i.rce. This suggested rrechanism is discussed more fully in 

Chapter 8 in relation to the flight of rrale P. oper-au.Lel,la tavards its 

sex attractant. In addition, it also appears likely that in 

C. zeal,a;ndiaa the short range visual stimulus is stronger the greater 

the contrast between the particulc:ir piece of foliage (or sticky trap) 

and its backgrcn.md because the highest density of copulating beetles 

were found on shoots of foliage above the rrain IIESS of vegetation. The 

contrast would be gvea.test in the natural situation when the foliage is 

outlined against the sky, and this would occur mare frequently from the 

beetles' point of view ( and depending on its flight patl-i) the further 

a.vay from other high objects , or the nearer to the top or P-Ciges of tall 

plants the particular piece of foliage is situated. It IIll.lSt be-stressed, 

hc:wever, that these explanations of orientation tcwards both a distant 

and a near pheromone source in C. zeal,andiaa arB only suggestions and 

further research is required to confirm them. 

Little has been published concerning the fligpt of males to 

ferrales in other Scarabaeidac. Travis ( 1939) reported that rn.1.merous 

nal.es of P. 7.,anaeo 7.,ata ''were seen_ flying from various directions and 

suddenly alighting on the ground around a female". Milne (1960) in 

describing the behaviour of P. hortiao Za noted that in "their random 

running and flying, males were obviously searching far females. When 

the male pauses in his running on the grass he not only swings his 

head from side to side but also spreads open the palmate clubs of his 

antennae". The fem:1le similarly spreads her antennae but Milne (1960) 

considered that "it is very doubtful if either sex can recognise the 

other except at very clcse quarters" and cites only two instances when 

it appeared possible that flying rrales could have been responding to 

females. Males, hcwever, frequently made random changes of direction, 

and collided with individuals on the grass. The beetles subsequently 

scrambled over one another and if both were male, they parted i.mrrecliately 

to reswre searching, whe...v-eas a nale and female paired imrecliately. 

Milne (1960) concluded th.:.Lt pairing in P. ho1,.tiaol,a "de:p=>...nds practically 

entirely upon chance physical encounters (collisions) between 

individuals" and added that it is a very efficient irethod since 
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relatively few unpaired females were visible on the grass. Soo Hoo and 

Roberts ( 19 65) rep:>rted that males of R. magnicornis flew at random 

in search of females if breazes were unsteady er less then 18C m :per 

minute, but in steady breezes of about 134 to 188m :per minute the rrales 

flew uµvind to females. Lilly and Shorterhouse (1971) reported that 

m::tl.es of P. decerrzlineata spread their antennae, hovered in flight 

when near the source of a female extract in 70% ethyl alcohol, 311.d 

apparently searched excitedly when they landed. This behaviour 

appeared identical to that exhibited by r.:ales when approaching females 

and indicated to these authors that the rmles were respondine; to a 

d1emical sex attractant. 

Influence of environmental factors on flight and sex attraction 

In the present study light intensity was found to be the most 

important factar> in the initiation of flight both at dawn and at dusk. 

The best demonstration of this was the two small flights observed 

during the night when an almost full moon rose and the light intensity 

increased above the threshold value. It is interesting to note in this 

respect that Schneider ( 1952) reported that strong daylight irrmiobilised 

the adults of M. melolontha, that these beetles were activated at dusk, 

and also that the process of immobilisation and reactivation were both 

reversible. There is also the likelihcx:xi that initiation of fligp.t .in 

c. zealandiaa is Wl:ier the influence of a circaclian rhythm althrugh this 

was not investigated. Certainly Carne (1956), and Evans and Gyrisco 

(1958), found that in A. tasmaniae an::l A. ma,jalis respectively attempts 

to induce flight by artificial reduction of light intensity was only 

successful at tirres close to that at which flight was normally initiated 

at dusk. The light intensities at which other scarabaeids fly is 

115 to 2ft I.arnberts" in A. tasmaniae Hope (Carne, 1956); belcw about 

50 lux in A. ma;jalis (Raza..uoc:wsky) (Evans and Gyrisco, 1958); and belc:w 

about 10 lux in P. deaemUneata (Say) (Lilly and Shorterhruse, 1971). 

In the present study concerning c. zeaZandiaa the numbers of 

males caught in phenol baited sticky traps was shewn to be inversel;Y 

proportional to the logarithm of wind s:peed and directly proportional 

to tem:p:;rature. 'Ihe laver threshold of temperature was not determined 

because the air temperature was always too high but it is presumably 

about 10°c (Kelsey, 1968). In addition, relative humidity ap:p3rently 
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had little effect on trap catches , and heaV'J rain depressed flight 

whereas light rain apparently had little ef feet on it. On one occasion 

la., numbers of beetles caueht in the traps was apparently due to 

surface water after a h8avy rainstorm. 

No research has been published concerning the envirorurental 

factors which affect attraction of males to females in other 

Scarabaeidae although ti'1e follcwing has been publishe.d concerning 

flight. Co...rturier and Robert (1955) foun:i that about 4°c was the 

minimum temperature at which flights occurred tcwartls forest in 

M. meZolontha, but a temperature of about 10°c was about the min.inn..nn 

necessary for oviposition flights away from the forest. Hurpin (1956) 

reported that for the Sa.TIE species flight of newly errereed beetles was 

stiirulated by a temperature exceeding 12°c at midday, combined with 

sane period of sunshine, and that conditions at dusk had less influence 

and flights were observed at temperatures as lcw as 6°C. Ellcrton 

(1956) noted that Pleocoma oregonensis Leach, which has peak flights in 

the Jrorning and in late afternoon, flies cit>-ier in rain or with an 

overcast sky and a saturated atmosp-1ere. Cill:ne (1956) reported that 

A. tasmaniae does not fly in winds above 240 to 270m per minute. 

According to Evans and Gyrisco (1958) strong winds and rain depress 

flight activity in A. maJ alis. Lilly and Shorterhouse ( 19 71) reported 

that P. decem lineata flew on clear evenings when the temperature was 

above 15°c. Cloud and strong -:-1inds reduced flight, and a heavy rain­

storm disrupted flights for two evenings in favotn:"able temperatures. 

finally Bram (1966) reported that flight in Pyronota appeared to be 

inhibited bela-J 15 to 20°c, and that flight occurred at temperatures 

above this despite lif1lt drizzle, strong winds, and a partly cloudy sky. 

This author also pointed out that day flying species (F'yronota, 

P. hortiaola, and P. japonica) have c1. relatively high temperature 

threshold for flight and that crepuscular species (A. tasmaniae., 2.nd 

c. zeala:ndiaa) have a much lcwer tem:p::rature requirerrent. 

InfZu.enae of environmental factors on mating 

Nothing has been published specifically concerning the 

envirorurental factors which affect mating in other Scarabaeidae, 

althcugh presum=ilily factors which affect flight also affect mating in 

species where the male flies tcwards the female. In the present study, 
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the environmental factors under which C. 2eaZandica hdS been observed 

to mate in the field have been noted, but upper and lo.,.J"er thresholds 

far this behaviour were not determined. It is interesting to note that 

this s:p3cies will mate at the beginning of t.11e night when it is dark 

so presumably the light require:rrent far this activity is lo.,.J"er than 

for flight, and also that strong winds apparBntly have less effect m 

mating than an flight. 

Mating behaviou:t' 

Corrq,aratively little has been published concerning mating 

and copulation in Scarabaeiodae. Soo Hoo and Roberts (1965) have, 

hcwever, very briefly described the precopulatory behaviour of the 

rrelolonthinid R. magnicornis, and this appears to sho.,.J" the clcsest 

similarities to ti1e behaviour of c. 2eaZandiaa amongst the published 

descriptions. These authors reported that the typical sexual resp:IDSe 

of R. ma~icornis consisted of "fanning out the lairellae of the 

antennal club and excited waJking, culminating in rapid fluttering of 

the wings an::i searching behaviour". It is interesting that c. zeala:ndica 

males also interrn:i. ttently beat their wings because rapid wing beating 

is associated with the liberation of male JiieromcnGs in I.epidoptera 

(Chapter 8). Whether a ma.le pherorrone is produced by C. 2eaZandica 

which sexually excites or supresses an escape reacticn of the female is 

not kna-m, although, as noted above, there is sorre evidence from field 

trapping expcJ.li.rrents with phenol that the male might produce a weak 

attractant for the female. 

Conversely, the wing beating may simply represent 

displacerrent behaviour or an intention moveirent far flight, or the solll1d 

of the beating wings may have some pcssible stim.llatory influence on 

the female. Sound is certainly produced by the beetles when they fly 

and this may act uS a cue fat"' swarming u.lthough this seems unlikely. 

The buzzing Cit"' humming sounds produced by flying Scarabaeicdea is an 

obvious f eatu:re of their flight and has often been noted. Appropriate 

organs of hearing are not, hrnever, obvious although t11e sound could 

be perceived through vibraticn of, far example, the elytra or the 

substrate. The sanE applies for Scarab~idea which stridulate: 

males of P. deaemUneata apparently do so with the edges of their wings 

when they alight near females (Lilly and ShC!t"'terhouse, 1971) but whether 
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th :s has any sexual significa."1ce is not kncwn. Other Scarabaeoidea 

which possess stridulatory organs occur in the TroBi.dae, DynuStinae, 

Geotrupidae, and Passalidae: the latter are subsocial and their soum 

is thought to have some function in keeping the family gr,rup intact 

(Britton, 1973), but the function of the soun:is produced by the others 

is not kncwn. 

The spreading of the antennal club noted by Milne (1960) in 

P. hortiao"la, Jll.;ly occur also in c. zeal,andica but this could not be 

determined by observation durine the present investigation although it 

appeared that it possibly doos from :p1otogn1ph.s of the beetles • This 

bcl1aviour has been reported in other Scarabaeoi deu as noted both clbove 

and belc:w, and it seens to suegest Sorn3 olfactory response. 

'Ihe report by Henzell et al. (1970) that male c. zeaZandiaa 

atte.tnpted to copulate with squashed females, as well as with dununies 

containing extract of females or phenol suggests that the sex pherunone 

alone is all that is required to elicit the full mating behavioural 

:response frun the rrrue. Havever, apart from the pcssibilities already 

n.Jted above, visual, custatory, or tactile stirruli may also play sai:e 

part both in the mating of C. zealandica and in other Scaraba.e idea. 

This is suggested by the appar{-.mt frequency with which males will 

mount and attempt to e0pulate with ot"'-ier males both in C. zeal,andioa; 

and in Luaanus placidus Say urrl Platyceraus virescen.s (Fabr.) 

(lllcan.id.u.e) (Mathieu., 1969); P. horticol,a L. (Milne, 1960); and in three 

species of Pyronota (Br~, 1966): it is also possible that these rnales 

had bec(.)J'Ie attractive by saro previous contact with a female. 

With respect to mating behaviour, the follc.wing has been 

reprted fcx- other Scarabaeida.e; 
Travis (1939) noted males of P. lanceolata often feeding on 

the same leaf or plant with a fem;-ile and ignoring her, but when a 

female was observed to extend her genitalia males within a radius of 

15 to 20m :i.mrediately flew tcwards her. 
Carne (1956) reports that in A. tasmaniae males mount females 

and perform characteristic precopulatory m:ivenents in which the 

antennae are brought into juxtapcsition with these of the female and 

the hind tarscl claws are used in genital stinrulation. 

ara,m (1966) reported that in three species of "Pyronota, the 

male mounts the female by gpasping the anterior mJ.t"gin of the pt'OI10tum 
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with his fore tarsal claws. The male extends his abdomen doonwards and 

extends and inserts his genitalia ( parameries and basal plate) into the 

female. During copulation the male's bo:iy is held at an angle to the 

back of the female . 

Rittershaus (1927) ,Milne and lou!#llin (1956). and Hilne 

(1960) have described the sexual behaviour of P. horticola. W'.nen a male 

locates a female he :i.rnrrediately mounts her and clasps the edge of her 

elytra with his 4 frx:mt legs . If the female has not laid most of her 

eggs she waJks dcwnward as vertically as pcssible and hides under a 

leaf or s01e 0th.er object where copulation proceeds. At the errl of 

copulation (mean 12 :minutes) the female vigorously shakes and shrugs 

the :rrale off her back by twisting her bo::ly and thrusting UJManl with her 

upturned legs . When the female has laid all or most of her eggs she no 

longer conceals herself, but copulation takes the sarre tine and she 

does not atteII[)t to remove the male afterwards so that he stays an her 

back for a further 5 to 30 minutes. 

With resJ?<,::ct to ma.ting in other Scarabaeoidea, the only 

detailed report knarm to rre is that of Ma:thieu ( 19 69) , for -:•:.; species 

of Lucanidae. TI1eir precopulatory behaviour, as re!X)rted by this 

author, is IIIOn:: canplex than that in the Scarabaeidae discussed above. 

Initial attr>action often appears to be visual, sex recogni tian is 

pr>obably by chemotactic stinn.ili at close ran ~, and the nale rrolll1ts the 

dorswn of the fe.rrale to copulate. Precopulatory behaviour includes the 

pr>o:iuctian of sound on the back of the female by the male's mandibles 

in Luoanus oapreolus (L.), L. p'lacridus., and P. viresoens; palpitation 

of the female by the male with the antennae and1 or the palpi in 

Cer'U.ohus piaeus Walker, L. pZacridus., and P. viresoens; and jerk-like 

movements of the male in L. oapreoZus. In addition copulating males of 

c. pioeus also rna.1<:e genital thrusts and keep their IIEtathoracic legs in 

constant motion against the pooterior of the female's abd.omm. Mathieu 

(1969) also reports that male: lucanids frequently shew aggr>essive 

displays to one another, follwed by bi ting, grabbing, and head tossing. 

The frequency of these displays is increas~d in t'l-i.e presence of a female, 

but only when a ma.le is mounted on a female does he becOOE vulnerable 

to side attacks and damage by other males. AggrBssive displays have, 

hcwever, not been reported in Scarabaeidae and have not been observed 

during the present investigation in C. zeal,andiaa. 



In ccnclusion, it appears that the ma.ting behavioor of 

Scarabaeoidea, althoUfY1 poorly :J.::narm, is gene:rally simple with few 

different rrovemants being involved, and therefore c. aeal-andiaa is not 

exceptional in this :respect. 
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Chapter 5 

Investigation into bioa.ssay metha:l.s 

fcri the sex phe:'anone of c. 2ealandiaa 

Intrc:d uction 

Most of the bioassays used by vari1.ous autho:'s fa:' the sex 

pha:-anone of C. 2ea7,andica ha.ve involved field attractancy tests using 

simple vane traps with bases containing wcJ.ter fer snaring beetles which 

flew into the vanes arrl then fell (Osberne arrl Hoyt, 1968, 1969, 1970; 

Henzell, 1969; Henzell arrl Lowe, 1970; Hoyt an:l Oslxrne,1971; Osbo:'ne 

an:i Boy:!., 1975). Accounts of two labcratary bioassays have, however, 

been publishe:i. The fwst was developa:l by Henzell et al. (1969) arrl 

consiste::i of a "Y-choice olfactaneter" ma:ie of perspex tubing with a 

flat pet'Spex track far the beetles to walk on. Traps were constructe:i 

at the en:l of each upps:> arim of the "Y" by placing a wire mesh gate 

which containa:i a small hole fer the beetles to climb thr1ough neat' the 

erd of the tubing. Air was sucked thr>ough the apparatus by an electr'ic 

hair drya:' an:i expelled from the room. One erd of the "Y" was left 

blank an:i the other' was baited with the test sample. The ma.le beetles 

(appariently 24 - 51) werie then place::i in the downwirrl en::l of the "Y" 

whet"e they were confined by removable wFe screens. After' a 1. 5 how 

corrlitioning perim they werz liberiate::i into the rest of the olfactometeri. 

Responses were measure::i by the numba:' of beetles caught in each tr>ap 

aftet> tlree hows. 
'The secorrl bioassay was publishe::i by Henzell et al. (1969) 

arrl deperrled on a visual assessment of the beetles' behaviow. The 

olfactometer consiste:i of the top half of a 2 • 5 li tro '.linchester bottle 

(about 15cm in diameter) resting on a plate of glass covere:i with paperi 

tissue. Ten male beetles wa,e droppe::i into this arrl given a 

corrli tiomng pet" ic:d from 1300 hours until dusk. Two methal s were use:::l 

f<r µ--esenting the test samples to the beetles: liquids were spotted 

onto durmnies of pariaffin wax about the size of an c:d.ult C. 2ealandica 
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while frozen sections were applied to filter paper . Each sample was 

then tested by dropping it arrongst the beetles arrl observing their 

responses appal:'ently from "dusk ... until about 9 .00 p.m." The activity 

of the samples was then estimated bv the n,::,,,-,ceni..arre of beetles that 
~ .I:'- ~ 

attempted to copulate with them er with one another. 

Both of these bioassays wer>G considerEd by the :i;resent wciter 

to be unsatisfactat:'y, although the "Y-choice olfactorreter" canLe the 

closest to fitting the requirements of a bioassay design which ar1e 

considered her'e to be desirable. ( C'napter 1). These incltrled pat'ticul.ar'ly 

the fact tha·~ it deperrled upon upwin::l attraction of male beetles to the 

sowce of the sex pherornone, ard the methc:d of trapping the beetles in 

crder to measure their response. However, the beetles apparently ha:i 

difficulty in wal.Jr-.i.ng on the smooth perispex suriface :fZ'OVide:i because a 

photograph of t>-i.e apparatus (f1gurie l; Henzell et ai., 1969) shows that 

rrost of the cleal'.'ly visible beetles are lying on their backs. Possibly 

this accounts fer the long per' icrl re::i_ u:i.red fer each bioassay. Fu:>the'.'rnc:re, 

it appear>e:i possible that a roug.l-iene:i suriface is mere suitable fer the 

beetles to walk on because Henzell et al,. (1970) µiovided papet:' tissue 

in the secorrl type of olf actometer partly because it "helpe:i the beetles 

move about". 

The secorrl bioassay published by Henzell et ai. (1969) is 

subjective an:l since the test cdows ar>e liberatm. into still air, it 

can only be considere::l to give a qualitative assessment of a pherarone. 

The results obtainm. by Henz\:lll arrl l..Dwe (1970) in fa.ct suggest that the 

bioassay is not quantitative. They fourrl that 80% of the males 

respon:ie:i to each of 0.1, 1.0 an:i 10.0µg of phenol when spotte:l onto 

paraffin dummies. Also, since tha..,e is no control of air movement, the 

results of such a bioassay are likely to be extrer.-ely vuriable 

( e:1apter 1) , ho;-Jever the variability of fue resF,Onse obtui.ncd D;' Henzell 

et al. (1370) are not given in detail. 
Toe evident nee:l to develop a better bioassay fer the female 

sex phE:rcm:>ne of c. zea"landiaa µ..,ompta::l the _p:'esent investigation. A 

bioassay appar:iatus (describe:::l belru) was constructL=<l arrl teste:i at tl-ie 

star>t of the flight sea.son in 1970, but it prove::l to bE:: un..satisfactery. 

Some experirnents were then car>ried out in the labc:lratery a.rrl fieJd to 

try to determine why the bioassay d.id not war>k, arrl the results of these 

irrl icate:i an alternative bioassay design. This secom. bioa.ssay appat'atus 
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also desCC'J.be:i b.::low was subsEquently tested dtring t"fi.e flight season 

in 1971 but p:'OVed. to be unsatisfactcry as well. In the interim Hoyt 

an:i Osl:x::ir:'ne ( 19 71) publishe::l their identification of the femc1les' 

pheromone glan:is (describe:i in Chapta> 3) an:i tl'.ere was thus no furthet1 

need of a bioassay fer the p:'esent investigation, so further• research 

was di.rectal towards investigating the beetles' behavirn.D'.' m the field. 

Nevertheless, sane field trapping experiments wer-e caririe:i out after the 

behaviowal research had been canpleto:l in an attempt to confirm the 

identification of the pher-anone glan:is but the results wa,e inconclusive 

because the experJ..m.ents wer.;,; cat'r'iecl out late in the season. 

ApP3£atus usErl fer the bioassay exper>J...:nents 

The first apparatus constructa:l consista:l of a large central 

flight tunnel enclose:l within an outer chamber an:i rrounte:i on a wocden 

base ( Figu·e 5 .1) . The flight tunnel ha:i a harxlboarti flocr , an:l glass 

walls illti roof. A fine l:ronze SCC'een was also stretchro over each en::l 

to :i;revent insects fran escaping arrl to allcw aJ.r to be drawn tlrough 

the tunnel. The outer chamber also ha:l glass sides an:i roof but the 

erds were closed off by two sheets of glass each with a lai;,ge central 

hole. The design of the appal:'atus allowGJ the two top plates of glass 

to be lifte:i up to gain access to the central flight tunnel. Four holes 

wa--e drillErl in the hardboard floor at equal intervals near one erri of 

the flight tunnel am. pitfall traps were fittro into these from i.n-rlerneath. 

Each trap consistai of two coru.cle flasks connecte:i by wide diameter 

glass tubing: one flask fcrme:i the U:'ap am ha:i a verticaJ. tube of glass 

which fi tte:i the hole in the haniboarti floor, while the seconi flask 

fcr:rrru the sample chamber an:l was open to the s1.ltY'oun:hng air. The 

wocxien frame on which the ent:ire apparatus reste:i was made airtight, 

an:i ha:i a doer fer access to the traps beneath the flight tunnel. 

Air was drawn through the apparatus by a domestic ventilatOC' 

fan attache:l to the hole in one of the eni pieces of glass by wide 

diameter plastic tubing. Air was dra.vm tlrough the flight tunnel at a 

rate of about 20m per minute (measllr'e:l by timing smoke) arrl some air also 

leake:l into the flight tunnel tllr>ough the traps which were si tuate:i at 

the upwini en:i of the tunnel. In addition, a.iri passe.i un:ierneath the 

flight chamber whcr'e the traps were si tuata:i µ,eventing any ctlotr from 

entering the flight tunnel except by way of the traps. 
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Figure 5.1 

The first apparatus used in an attempt to develop 
a biassay far' the sex :i;herCJilal.e of C. zeaZand.ica 

Sizes of glass sheets 

A 137an x 61cm 

B 58.5cm X 59C!Il 

C 136cm x 39an 

D 59.San x 29an 

S 59.5cm x 76an 

R 33cm x 76cm 

hole 14an in di~ter centred 

20an from laver edge. 

Each hole 37an fran end 

and 8cm fran edge. 
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TI--ie live beetles use::i m each experiment were allowm. to dig 

into a shallow crystalising :iish of moist sartl an:i then this was place:i 

at the upwirr:1 erd of the a.ppar'atus. TI1e flocr of the fllfjlt tunnel 

was also covere::l. with ooist sar.d to a depth of <..ibout 3mm, ani this was 

replace::l. after each experJJaent. In both cases the sard was clean 

boile:i river sard. At th-2 conclusion of each experim.<..mt, the traps 

waie rerrove::i an:l tharioug_h.ly ,Jashe::i using\'Decxm 79' : the flight tunnel on 

the other- ham., was dismantlt::rl only after' every 4 to 6 experiments arrl 

rinsErl with11 Decon 75'! 

The secord. apparatus consista:l of a flat charnber, suppClr'te:i by 

2 wcxxlen frame (Fig,.re 5 .2). The chamber> consiste:i of two larige flat 

glass sheets which wece held lan apart by means of glass strips along 

two si:ies of the chamber•. A large diameter' hole was drille::l centrally 

near one em of the upper sheet of glass, while 4- small holes were 

jrille::i at e.::iual intervals near the opposite erd of the l~Jer glass 

sheet. Orgarr:lie netting was stretchai over- the entire top surface of 

the lower glass sheet so that it fo.r'me::i the surface on which the beetles 

wal1<e::l. when they were ins:de the chamber>, arrl th.is crgardie was also 

folde:i over the erds of the chamber to form a. screen to prevent the 

beetles from escaping. In a:idition, holes were cut in the orgardie over 

the holes in the laver glass sheet so that beetles could fall through 

into the same pitfall traps as use:i with the first apparatus. The 

complete chamber was placErl on the wcx:rlen frame so that one erd fitte::i 

into a ncll:'TOW opening m a pel'.' spex box, arr1 this in twn was fi tte:l to 

a dcmestic ventilat<:r' fan by flexible plastic tubing. The erd of the 

chambai with the traps was place::i ftrthest away from the plastic suction 

box arrl air was drawn tlrough the appar>atus at a rate of 10 to 15m per 

minute . Ll. ve beetles Wel'.'e droppe:1 into the chariiber through the large 

hole in the upper sheet of glass at the conrnencement of each experiment, 

arrl the hole was then covere:i by a glass :p8tri dish. Also, each ti.rre 

t S US ,.....,, the izlass ar.d organ:.iie nettinrr was subsr.l(luently the appara us wa \::I.! - ~ ~ 

thoroughly washe:i with"Decon 75'! 

E?5P9£imental p::oce:iure ard results 

Laboratory ea::periments 7.Jith the first appa:t>atus: 

Exper.:iments were ca"rie:i out with the first apparatus everiy 

evening between the 2rrl Novemba" an:i the 9th Novembec, 1970. The 
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Figure 5.2 

The second apparatus used in an attempt 

to develop a bioassay far C. zea1,andiaa 

The brass rods placed in seams in the organdie served 

far hoakaig the rubber fasteners ai and prevented the organdie 

fran wrinkling when it was stretched. The hole in the upper 

sheet of glass is 4cm fran the end of the glass and has a 

diameter of 5cm, whereas the four holes in the la-rer sheet of 

glass have dianeters of 2cm and are situated San away from the 

end of the glass. 
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temperiatwe on each of these everu.ngs variro between 12 .s0 c an:i 16°c arrl 

the only light use:i was that caning from the sky tllr'ough the win:iaw of 

the la.bcratar,y. Each exper-ii:aent was starita:l at dusk as soon as the first 

beetle began to dig out of the san:l, 

Initially the appar-atus was set up next to a win:lc:M in a 

lal:xratct:'y so that the air was suckcl towat"'ds the win:ia-1 an:l exhauste:l. 

outside tlrough a long plastic hose. One trap was baite:l. with 5 live 

females 5 to 12 days ohl, another tr'ap was baite:i with two fen1ales of 

the same age which hai been Eq,uashe:l. onto filter paper, arrl the other> tt.-10 

traps Wa:'e left blank. Twenty la.bcratcry reare::l. males 5 to 12 days okl 

were usa::l but only 12 emerge:i from the san:l. These all either> flew er 

walke:::l. towai:u s the lig.."1-lt .:!ran the win:la-1 an:l. climbo::l about on the wire 

mesh er walke:1 on the floari of the cage at t.11e base of the mesh. The 

experiment was concll.rla::i after 1 how of darkness, but no beetles were 

trappej. 

The following day the apparatus was reverse::l so that the air 

was sucke::l from the wirrlCM am. exhaustei into the labaratcry. Thoe same 

live male ard female beetles were use:l agai.7 arrl two females 3 to 5 days 

oJd were Eq_ u::1sha:i as samples . On this occasion 14 male beetles flew cr 

waL1<at towards the wirrlow as lll the first experiment arrl none wet1e 

observE.d to show any behaviow which coul1 be regat"'doo as .J. response to 

the crlows .:!ran the female bai te:i traps. No beetles wer1e trappe::l d 'Llr'ing 

the experirnental perio1 which concluie::i af-ter 1 hour' of darkness. 

On the th.J.rd day the apparatus was lef-t in the same position 

an::l the sarne male beetles wa--e use:i again. On this occasion the female 

beetles in the tr'ap were i;rovide:i with some sh(X)ts of barberry. One of 

the other traps was baite:::l with 50ml ~f water' with lOppm pi"'1enol, anothe:> 

was baite:i with 50ml of lOOppn phenol, ard the last was left blank. 

Only 10 of the males came out of the san:i arrl these behave::l in the same 

way as on the two p:'evious nights. The experiment was left to run 

until 0900 hour's the following morning but no beetles wcr-e trappe:i. 

111e decision was then ma:le to save the labcratory reai:'e:1 

beetles until the bioassay ha:l. beill1 fwther> investigate:i usine field 

collecte:i beetles which hai been kept without contact with the opposit2 

sex fer at least 5 days. 
On the 5th November 20 male an:l 20 female beetles wer1e place::i 

together in the apparatus arrl the trap holes WP.re ccrke:i. At dusk 15 of 
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the males arr:l 10 females came out of the sard. ard. 7 pairs were observe:i 

to copulate on the wire raesh Sct'.'een or float' of the cage by the wirrlow. 

These beetles, however, only appeare::l to mate after> a male hill contacte:l 

a female whilst walking er climbing about apparently in a ran:l.an fashion. 

This experiment thff'efer2 demonstrate:i that c. zcal,andir.n wouJd mate in 

the apparatus. 

On the following two nights the apparatus was set up in the 

same position as ireviously but the traps were each µ,ovide::l with a glass 

tubular extension which ha:l been dippro in wax blackene:i with charcoal. 

'These extensions p:'Ojec12d upward 10cm into the flight tunnel ard. it was 

hope:l that it might µ,ovide the beetles with an object to fly towards. 

On both nights the s~ 40 rr.ale beetles we:re use:l., an:l 30 an:l 28 eraerge:i 

from the sard. Two of the traps werie baita:l. with the same quantities of 

a:i ueous phenol as usa:l on the 4th November , another' of the traps was 

baited with 20 field collecte:i females together with barbff'ry, ard. the 

last trap was left blank. On 6th November one male was observErl 

hovering in a zizzag pattern for approximately two secords about 10cm 

downwin1 from the tip of the tube with the lOOppm phenol sample but it 

flew directly to the wire ITIBSh afterwaros. On the same evening another' 

beetle flew into the roof of the chai:ibet' ard fell down the blank trap 

tube. All the other males behave:i in much the Sa.ID8 way as those in the 

first three experim.ents except that they apI,earErl to fly much JJO'."e 

fre::i, uently. 

It appear:1e::i that J;X)ssibly the directa:l light fran the wirdow 

inter' fet:'e::i 'With the behavimr of the beetles . The entire apparatus was 

accoruingly transferre::i to a glasshouse ard a small white tent was 

er'ectro over> it. This tent diffusei the light fran the sky, ncar'by 

buildings, arrl lamp posts an:l µ:,evente::i the structwe of the glasshouse, 

near by houses, trees er hills from being seen frcm the bioassay appar>atus. 

Two experiiments were carrie:i out in the glasshouse on the 

8th arrl 9th November, but the direction of airflow was reverose:i on these 

nights. The same samples as use:i on the 6th an:l 7th November> were set 

up again fer these experiments an:1 50 male beetles which ha:l not been 

use::i pt:'eviously were intro:i uce::i into the flight tunnel. The glasshouse 

fans wer-e use:::1 to draw air past the apparatus ard. expell it to pt"event 

contamination by the samples. On these occasion..s 39 arrl 26 male beetles 

emer-ga:l arrl their flight appear>e::1 to be less directe:::1 than ireviously 
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because they flew all at'Ourd. the cage. Hc:wevet:', no beetles werie caught 

in any of the traps although in each case the exper:'irnent was left running 

until the following mcrning. 

Attempts to dupZiaate the observational bioasaay of HenzeU et al. (W70) 

Late in 1970 two attempts were ma::fo to duplicate the 

observationa.l bioassay of Henzell et al. (1970) using the remaining 

lataratory rearw beetles ( 2-3 weeks old) an:i the actual a,i uipnent ard. 

constant temperatur-e room use::l by these authors. Tlus constant 

temperatur-e room was illtuninatw by means of two 60w incardesccnt bulbs 

shining through Ilfcrd type 900 rw filters. The ternperaturie was set 
0 . . at 15 C, the temperature whic.i'1 was use:i by denzell et al. (1970) far the 

bioassays rather than the publishe::l temperatwe of 8-10°c (Henzell, 

pers•. aomm. 1970). In all otheri respects the experiirn.ental ar>rangement 

was exactly as aJrea::iy described (see above in the Irrtro::luction to this 

haptet') . Three bioassays were set up on both occasions with 5 male 

beetles in each. TI1e beetles were placa:i in the appar>atus at 13.00 hows 

to allow them to become accustoma:1 to the corrli tions arrl the bioassays 

were then started at 21.00 hows. On each 0ccasion two of the samples 

used consiste:i of a pair of reara:1 females that ha:1 been squashed 

imme:liately beforehani onto filte:' paper, while the th:ird SaJl4)le consisted 

of a par-affi.n wax ball about 0.5cm in diameter with l.Oµg of phenol 

spotted onto it. TI1is quantity of phenol was J<.r1own to elicit sexual 

responses from male C. zea'landioa of a similar- age in thl.s bioassay 

(Henzell an:i I.owe, 19 70) . On both occasions, however, no sexual 

responses were observed from any of the beetles during a one how per>icxi. 

Fie 7,,d experiments aarried out in Z,9 n 
It was possible that the traps used in the la.bol'."atary 

experiments did not release the right quantities of attractant or that 

the beetles did not receive the correct visual cues to aid them in flying 

to the sol.It'C8 of the attractant ( Chapter 1+) • The apparatus was ther-efcre 

dismantled arrl the traps, together with the hardboard floor of the flight 

tunnel, wer'e set up on the 10th November on top of a barberry he::ige 

at'Ourrl which the beetles were known to swarm at Te Awamutu (see Chapter' 

2 fer the location) . The same samples werie used in the traps as in the 

µ:,evious 4 experiiments but this tune a peristaltic pump was uscl to 
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blow a.ir thr>ougi'l. each of the traps at a rate of approximately 5ml per 

minute. All mise, fluctuations in µ,essur'e, an:l. possible o::loul'.'S were 

re.rroved from this air by passing it twough a large expansion chamber 

followed by two activated charcoal filter>s. On this occasion, large 

rn.1inbe:is of beetles were observed flying near the ha:ige top, but no 

beetles werie caught in the traps am. none were obser'ved hovering within 

10cm dc::wnwirrl of them. 

Between the 11th to 15th November, an:l. the 17th to 18th 

November a Ser' ies of field expei:':i.ments was CatTied 01..it at the Te .Awamutu 

location mentioned above. On each of these evenings large numbers of 

beetles were observed to fly arr:l each of the experiments was run over the 

entire flight per io:l . 

'I\-10 types of experiments werie carried out: the first consisted 

of testing various samples l.I1 the traps used l.I1 the labcratcry experi­

ments• an:i the secorrl type consisted of obser-v:i.ng the reactions of 

beetles tcwaro.s various samples dtn:'ing the dusk flight periods. 

In the first type of experiment twee of the traps were use::i 

each evening. These were attached to shoots of barberr>y 1m apart near 

the top of the hui ge, am. their aJ.r' supply was the same as that usoo on 

the 10th November as described. above. The samples testa::1 were 10 ani 

20mg "Dtlr'ez 12687"; 10mg, lg, ani 10g of phenol crystals; 50ml of 

a:i ueous phenol in concentrations of S, 10, 20, 50, 100, an:i SOOppm, arrl 

0.1 g/1, an:i 1 g/1; shoots of barber'ry together with 2, 10, an:l. 100 live 

f ema.le beetles that had been kept in the laboratory; &-rl shoots of 

bar' berry together' with 1, 2 , 3 , ard 7 ferrales which ha:l been collecta::l 

the same night at the beginning of the flight pericd just after they ha::l 

been fourrl by males but befOr'e they ha:l copulated.. No beetles were 

trappe:l with any of these samples although a female alighte:l on the exit 

p::irt containing the 1 g/1 phenol sample, arrl both male an:1 female 

beetles tended to cluster at an apparently higher' density thcJ.I1 elsewhere 

on shoots a:ljacent to the traps containing samples of phenol in 

concentrations Vat'ying between lOpµn and 1 g/1. 

The secorrl type of fieJd experirnents consisted of the following 

pr'OCe:itn:'es. On each of the first two nights twee ferrale beetles \.Jere 

caught after they ha:1 attracta::l males, their al:xiornens were then cut off 

ard the two portions of their bail.es sq uashe:i onto separate pieces of 

filter paper. The 6 samples were then place::l on the gr,ass in the centre 



of a field an:i subse:i uently observe::l, but no beetles wer:e attracta:l. to 

any of them. The following night the same experiment was repeatro 

except that the filter papers with the samples were attached to the top 

of a hedge by pa.perclips. Again no beetles were observe::i to be attractro 

to any of these samples. 

On the 14th November 4 attractive females were caught ard tie::l 

to wooden spatulas by copper wire. The wings of two of the females 

were rernovej an::l then t'ley were all attache:::l to the he:ige by paperclips. 

Again no ma.le beetles were observe:i to be attracted to ar1y of these 

females, although 1. t was likely that the females coukl control their 

attractiveness and that they were too distlll':'be:l to release theJr 

pher:'orrone since they str"'uggled contin1.4ously. 

The next eveiri.ng 5 glass reds were tied to the hedge. Each 

ra:l ha::1 a small ball of black wax with a diameter of about 7.rrm attached 

to its top ard. samples were spotte::l onto this wax. Two of the r<rls ha:i 

lOµg an:i SOµg of phenol applie::i to them in a solution of diethyl ether-, 

whilst the other> three had extract containing the e:i ui valent of 5 

females spotte:1 onto them. This extract was r..a:le by gr,inding up 15 

female beetles with about 5ml of diethyl eth,a,, filtering it, an:l 

subse.iuently allowing the ethec> to evapot'ate to about 0.5ml. On this 

occasion one male was observErl to hovei." ta-1ards am. alight on the wax 

ball with lOµg of pheml. The rnale then walked over the wax f cr about 

3 secon:ls befcre flying off again. 

occasionally may hav0 hovered 

It also appeared t"l-iat other.1 males 

towards the 10 arri 50µg r,henol 

samples• but no response was obser-ve:i tcwar'Cls any of the extract samples. 

On the 17th November, a ser1ies of filter papers was attached 

to the hedge by paperclips an:i phenol in quantities of O, 20, 40, 60, 

an:l 80µg were spotted onto them in a diethyl etl-:lEr solution at the 

beginning of the flight pcria:l. H0i,·1ever, the \Jirrl changed direction so 

that it blew ta,:iards the side of the he:ige with the samples am few 

beetles were observal flying on that side. Tne experllicnt was then 

repeata::l on the 18th November an:::l some beetles were observed to hover 

towards er settle on each of the shoots of barberTy with phenol samples 

attached, wher>eas no beetles were obser1ved behaving in a similar> fash:Lon 

to the shoots with the blank filter paper. 

finally, in 1970, a sa>ies of field experiments was cai:Tie:i 

out late in the flight season. In each of these expet"irnents folded 
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filter' papers were fastene:l ont:n +ho h,-,4 --- --~ J, 

Erratum 

Line 3: 

n ••• the first wer-e ... " shou 7,,d read II 
••• 

the first beetles were 

'--v.1.J..eci:ea an1 counte:1 at the en:i of the flight perio:i. 11lese results 

arie given in Table 5 ,1 together- with the quantities of phenol used. 

... 

No significant attraction was demonstrated by this metho:i although it 

was noticed that most of the beetles which alighte:i on the shoots flew 

away again an:l ther'efa:'e the m.n:lbers obtaine::l at the erd of the flight 

pEt'ia:l dl.d not give a goai reiresentation of the attractiveness of the 

s~les. These expa:>iments, hc:wever, pr-ov:ide:i the idea fa:' developing 

the sticky traps use::i fa:' t"le f ieJd attr' action exper iruents l..I1 19 71 

d es<r ibed both below arrl in Chapter Lf. 

" 

Obserivations of the behaviot.n:' of the beetles both in the 

labcratcry ard in the fi.eJd showe:i that the beetles wouJd m:J.te if a male 

ha:i not f :ir st flown to the f ernale he copulated with i.mme:iiately befcrc­

hard., arrl that even when a male did fly t0v1ards a female he usually 

larrle::l. a shcrt distance away an:l then ran c.:.bout searching f<X' her> 

(Chapta:> 4). In a:l.dition, the Var'ious experirnents sugr;ested that too 

many unknown sensa:'y r~uirements ha:l to be :i;rovide:i before the males 

wouJd fly to the females. The rrost likely of these appear>e::l to be 

diffuse::1 lighting ard a lar>ge irregular siThouette such as that of a 

tree er he:ige an:i both of these would be difficult to µ,ovule l..I1 the 

labcratcry situation. It seema:l likely, hc:wevEr', that the r.iales wouJd 

walk towai:'ds the sowce of the o:imr fr>an an attr'active female if they 

wer-e :i;revente::i from flying. A secorrl bioassay appar>atus which 

satisfie::l this reqwrement was tha:'efcre constructro (.:i.s desCr'ibe::1 

above) ani teste:i in 1970. 

Laboratory experiments with the second bioasaay apparatus 

The secon:l appar>atus was set up in the sarae room as was use::1 

fer bioassaying the female pheromone of P. operc,."U le l la ( see Chapter 9) • 

The suction fan was connecte::1 to the ventilatcr outlet of the room arrl 

the room was illuminata.i by incarrlescent bulbs which couJd be 

cx:,rrtrolle:l by vat'iable resisters. One of these lights was set up 

pet'manently urn.er:> the table on which the bioassay appar'atus was placE...>d 

so that it was d:irecte::i towards the wall opposite the downwirrl errl of 
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filteri papers wer>e fastta!ne:i onto the he:ige with paperclips .Jli:i then 

various quantities of phenol in diethyl etha- were spotte:i onto them as 

soon as the first were obsEr"vErl to fly. The m.1rnbe:-s of beetles which 

r>ested on eac.-i shoot with an attache:i sample were subsa:iuently 

collected a.rd courrte::l at the en:l of the flight periiai. These results 

are given in Table 5 .1 togetheri with the quantities of phenol ussL 

No significant attraction was demonstrated by this methai although it 

was noticed that most of the beetles which alighte::i on the shoots flew 

away again arrl ther>efcre the m.n:Jbers obtaimrl at the errl of the flight 

pe:-ia:l did not give a goai reJ;Vesentation of the attractiveness of the 

sarrples. These exper1.ments, ho.veveri, :i;rov:iile::i the idea fer developing 

the sticky traps use::i fer t"'1e field attraction experiments in 1971 

descr1.bed both below arrl in Chapter Lf. 

Obseriva.tions of the behaviolll:' of the beetles both in the 

labcrat<ry arrl in thto field showe::l. that the beetles would nute if a male 

ha:l not first flown to the fanale he copulated with imme::iiately befcrc­

han:i, ant that even when a male did fly ta-1ards a female he usually 

larrla:i a shcrt distance away an:i then ran iibout searching fer hEi' 

(Chapte'." 4). In a:ldition, the vat:'ious experiments suggested that too 

many unknown sensery rEquirements ha:l to be p:-ome::l. before the males 

would. fly to the females . The rrost likely of these appear'e:i to be 

diffused lighting arrl a large irregular GiThouette such as that of a 

tree er he:ige arrl both of these wouhl be difficult to irovide in the 

J.abaratcry situation. It seeme.:l likely, ho.veva-, that the raa.les wouJd. 

walk towar'Cis the sowce of the aimr fr>an an attractive female if they 

wer:ie p:-evente:i from flying. A secord bioassay appat:'atus which 

satisfie::1 this reqwrement vJas the:iefcre constructe.:l (as describe:i 

above) ard testErl in. 1970. 

Laboratory experiments with the seaond bioasaay appar1atus 

Toe secon::l appacatus was set up in the sarne roam as was use:i 

fer bioassaying the female pherom:me of P. oper,,,-u le l Za ( see Chapter 9) • 

The suction fan vJas connecte:1 to the ventilatcr outlet of the room arrl 

the room vJas illuminate::i by incarrlescent bulbs which couJd. be 

rorrtrolled by var-iable resisters. One of these lights was set up 

pet:'manently urrler' the table on which the bioassay apparatus was plact..>d 

so that it was dJrect(;ri t01..Jartls the wall opposite the downwin::l erd of 



Table 5.1 

'The numbers of beetles that settled on shoots of a hedge with 
samples of phenol on filter par,;ers. 

Ho. of Temperature at 
male female male female male fe.male male female male female replicates em of flight 

~t of 
p1enol ug 0 5 lG 20 

JJ/11/70 3 17°C Average No. of 
beetles caught 0.33 0.67 1.0 0.67 0.67 0.67 3.00 3.33 

Arrount of 
0 20 20 30 phenol ug 

3/12/70 
Average No. of 5 18°C 

beetles caug71t 0 0.40 0.40 0.60 1.20 1.20 0.80 0.50 

Amrnmt of 
:r:oenol ug 0 10 20 30 40 

5/12/70 
Average No. of 10 16°C 

beetles caught 1.00 0.40 1.50 0.80 0.40 0.30 0.50 0.50 1.00 1.00 

Arna.mt of 
phenol ug 0 20 40 60 80 

15°C 6/12/70 Average No. of 
10 

beetles caught 0.60 0.20 1.30 0.60 0~90 0.60 0.40 0.50 0.70 0.60 

8 . 
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the apparatus an:l illur.ri.nate:1 the apparoatus with approximately 0.1 lux. 

The other> lights were s.i'Ililat'ly place:i unier the table arrl pointe::i in 

all d ll'ections • These werie use:i far providing an at'tificial dusk when 

the variable res1.stnnce whicn controlla::l their output was manipulate:i so 

that the light intensity taken vertically from the table top was 

r e::l uce:i linneari ly fran 100 lux to O .1 1 ux over a perio:i of 2 5 minutes 

:prier to the start of the bioassay. 

The appdl:'atus was fll'st testoo on the 16th November wit11 

beetles whiei'1 ha:i been p:ieviously collecte::1 in the field ard kept in the 

labcratary separiate::l £born the opposite sex (see Chapter 2). The trap 

holes were ccrke::l ani 15 males ard 15 females were droppe::1 in at 2035 

hours. At the en:i of the dusk perial at 2135 hours 6 copulating pairs 

were obsa'.' ve:l , but it was note::l that the beetles still attempte::i to fly 

even though the low 1...,oof of the char:iber> restrained them fran doing so. 

Fer all subs~uent experiments, thel'.'efcre, the container in which the 

beetles were kept was taken into the bioassay room, its lid was replace:i 

with a glass sheet, am. the beetles were alla-,e::l to emerge from the soil 

an:l fly d tr 1.ng the dusk perio:i . At the errl of that tJ.me only beetles 

on the swface of the soil or on the willc:w tranches in the container 

wer>e use::l fer the bioassay exper-iments. In a:ldition, the beetles used 

were replace::l in the container after the exper:'.ir.lents. 

Between the 17th am 24th Noveraber a m.nnber• of experiments 

wet'e carTie::l out using the b1.oassay appar'atus ard field collecte::l beetles. 

The number's of beetles trappe:i ar>e given in Table 5 .2 together> with the 

details of the v.Jr>ious samples used. For each experiment the position 

of the sample amongst the blanks was r-andomism. arrl the a.~ering of the 

results in Table 5 .2 is pwely one of convenience. It is apparent, 

ha,.,ever', that none of t"l-ie samples shc:we::l attraction in this experimental 

situation. 
The conclusion reached was that it was pointless attemptLT1g to 

use this apparatus fer bioassaymg the female sex phero:rrone of C. 

zw;al,andiaa so no .fur,ther experimentation was carrie:i out with it. 

Fiel-d experiments using sticky tl'apa in l-9?2 

Tuo atte.rnpts were ma:ie i.ri 1972 using the sticky traps 

describe:i in Chapter 4 in fieJd experiments to try to verify that the 

accessa:-y glanis of the female containal the attractant as repcrte:l by 



Table 5.2 

Numbers of male beetles trapped in experiments with a variety of samples 
in the seoond bioassay apparatus. 

NUJiJDers of beetles trapped rlumber of male 
beetles used 

Description of samples SAMPLE BIANK BI.Ji.JJK BIANK 

11 live field oollected females 4 8 6 5 30 

10 live field oollected females 5 9 5 2 30 

10 live field collected feI'.Bles 
and Sare twisted willCHI 11 11 7 6 50 

10 live field collected females 
and sore twisted willow 2 2 1 0 28 

2 squashed attractive females 
collected the sane night 5 5 If 3 25 

10 squashed. attractive females 
collected the SanE night 4 6 5 5 30 

SQ.11 of 20g/l aqueous phenol on a 
disc of seed test paper 4 4 3 0 30 

50µ1 of 20g/l aqueous phenol on 
30 a disc of seed test paper 8 6 5 4 

~ 
N . 
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Hoyt ani Osba.,n~ (1971). Far' eac..h of these experiments, 5 attractive 

females were caught in the field just after- males hai fourd them, ani 

they were taken back to the la.ba::'atory where the:ir al:xiomens were 

separatei from the rest of then- bo:lies an:l. the::i.c guts am. accesscry 

glarrls WEre exc1.se:i. Separate chla:'ofcrm extracts were then rna::le of 

these par>ts acccnxling to the metho:i describe::i in Chapter 4. In illd1.tion, 

the traps WEre pcepare:i am. set out in the sume :manner as detaile:1 in 

Chapter 4. 

The results of these experil:ier1ts ill'e given in Table 5 .3, arrl 

it is apparent that they were inconclusive, probably because of the 

lateness in the fl.1.ght season when the experiments wet>e carriErl out. 

Discussion 

There appear to be a nurr.ber of li."kely explanations to account 

fer the failwe of the iresent attempts to develop a labcratory 

bioassay f cr the female sex phero:m::me of C. zea'la:ndioa. One possibility 

is that the male re::pnres some essential factcr or' factcrs befa1'.'e 

resp::m:ling to the pheromone, an:i that these were not present in the 

labc:ratory situations. In support of this Roelofs et al. (1967) 

repa1 tei that such req w.remerrts ar>e often very precise. In the fieJd, 

however, all of the necessar'Y factors must be ire sent when the beetles 

mate so that exper-iml::!nts carrie:l out in these s1.tua.tions must p-:'OVJ.de 

reliable results. 

The field exper:unents derronstratro that many of the samples 

use:l wer-e not attractive am. this w.:is shown to be so far squashe:i female 

c. aea'landica. The possibility exists, ho-vJever, that the pherom.:me WcJ.S 

covere:l by sane othe:i pcrtion of the sq U?..shro beetles but this seems 

unlikely since a large number of such sanples were use:1 al together:' , 

Another' :possibility is that these Cl'.'u:le i:reparations containe:1 a. masking 

agent anl it is also µ'Oooble that some substances are :i;resent in the 

bcrly of the female which react with phenol since it is a reactive 

chemical, Such explanations wouJd also account for the lack of 

attraction shewn by extracts of females in the field experiments. It is, 

however-, apparent that this rnasJa.ng or reaction with phenol is not 

complete because female extracts were shown to be atiracti W3 in the 

exper'iments witi·i sticky traps (Chapter 4), am. Henzell et ai. (1969, 

19 70) f ot.rrrl that both sq wshe:i females arrl their extracts elici too 
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Table 5.3 

NuP.bers of beetles caught in trap,i containirg either filter paper bl.ank8 50,..1 sa!'l)les 
o!' 6 g/1 pherol or dried chloroform extra.els of parts of beetles.. ' 

( • Signiricantly different !'ran the mean of the blank S811l)les at 0.05 level in a t-test) 

SA.'IPLE BLAHK 6 g/1 fllDlOL I:(JJIVALJ:::,r CF 5 !VUJ;;.s, 'llW J:l,lUIV!\.l.LJtr U!' 5 F'U·lAlliS/TilAP 
our Rl:W.LlIBR Gur ACCESS. GLJIDS IDlAillrER 

'ffiAP POOITICN A l! 0 w y G II u X z B I p C J Q D K E F M T E L s 

3-12-72 l'ble catch 5 2 7 0·3 5 1 3 2 0 3 7 5 5 3 4 2 3 7 1. 8 5 0 1 4 
Fana.le catch 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 0 2 0 1 0 0 0 0 0 0 

Mean Male 3.40 2.20 5.00 4.00 4.00 4.67 1.67 
S.D. 2.10 1.92 2.00 1.00 2.65 3.51 2.08 

Mean Female 0,20 0.20 0.33 0.33 1.00 0.33 0.00 
S.D. 0,45 o.45 0,58 0,58 1.00 0,58 0.00 

EQUlVAil:Jll UF 5 !JAU:.:j/ .i1W' "' '"" '.,, Ul• , 1•·,:.{•1/lli:;j/ iHAP 
SAMPLE 13LJ\Nl( 6 g/1 PHENOL GUI' HEMAJl l..l,ll GUI' ACCZSS , Gll lll3 REM/\IJ IDER i 

i 
'IBAP POSITIOl [J I p A H 0 C J Q w D K R y E L s I F M T G ll u z : 

7-'12-72 Male catch 11 12 4 9 11 17 6 3 18 2 2 l 6 l 2 2 7 2 3 ll l 8 6 4 5 
Fennle catch 0 0 0 0 1 0 0 0 l 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 l 

Mean M.11~ 9,00 12.:n 7,25 2.50" 3.25 5,75 5,CO 
S.D. 4.36 4.16 7,37 2.38 2.50 l.71 5,29 

Mean Female o.oo 0.33 0.25 o.oo 0.25 0.33 0,50 
S.D, 0.00 0.58 0.50 a.co 0.50 o.sa 0.58 
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attraction an:l sexual responses fran males in the labcratory. 

The field exper':iJnents in the µiesent investigation also 

irrlicate::l that the traps may not have been effective. Tnis could explain 

why the live females were appat'ently not attractive when in the traps, 

although, on the other> han:i, tlu.s cou]d be due to them not releasing 

their attractant since it is quite possible that they have µiecise 

requirements fer doing so. One well known example, which serves to 

illustrate the diverisity of such corrlitions, occUC's in the moth 

Antheraea poZyphemus (er,ana'). R:iddifaro (1967), an:i Ricldiford am. 
Williams (1967a, 1967b) repar>te::l that the females of this species must 

perceive the chemical trans -2-hexanal.. which is release:l from the leaves 

of ra:i-oak, Quercu.s Y'Ubra L. sec., befcre they will release their sex 

phcrorrone. :t-bny other plant species also liberate this chemical although 

they appar1ently give out other roows as well which stop the females 

from releasing their atiractant. Ha.-mver>, the inclusion of foa.:i plants 

with the females of c. zeaZandiaa in the p:1esent stu:ly :i;resumably 

discounts this as a p:>ssible reason for the lack of attraction. 

Concerning the attractiveness of live female C. zealandioa, it is 

interiesting that Kelsey (1967) obtaine:i an irdication that laboratory 

rear:'e::l females, when cage::l in 2 .54crn3 gauze-sidro cells arrl place:i on the 

gr'Ourd slrface in an um.nfestro ar:-ea, couJd attract males up;.vir.d ta.,aro.s 

them, although appar-ently no controls were run. In a:idition, in the 
µ,esent stu:iy (Chapter., 4-), the results of experiments with sticky traps 

using live females did not exclu:ie the possibility that captive females 

couJd attract males in the field; but they did ird.icate trot if this 

occur'rcl ther>e would be I!lal'.'ke:i differences in attractiveness between 

irdividual females, ard the same conclusion was also reache:::l by Kelsey 

( 196 7). 
It ap:peare::l possible that the traps usErl in the present stu:iy 

may have release:l the attractant in the \~one rn:mner, a:' in the case of 

phenol, in the wone concenirations. It can be note:l thc:1.t lar'ge simple 

vane traps have been use:i successfully by other resear:-ch w<.rkers far 

stu:iying ·attraction in c. zeaZandiaa (Ch.'J.pter 1) but these possibly 

allowe:1 the beetles to be caught by blurrler>ing into them whilst at an 

early stage of o!"ientation to tl-ie pheml, wherec1.s small traps have to 

µ,ovide other rn:Jre specific cues in a:idition to the OJ.Our' sowce. The 

effectiveness cf the sticky traps develope::i at a later time in this 
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study (Chapter 4). suggests that a visual stimulus canp:iising an irregulur 

silhouette contributes grieatly to close range crierrtation of pherorrone­

stimulate:l male C. zealandiaa. It is obvious, the'.'efcre, that a trap fer 

use in a bioassay w0u1::i have to be developa:l µ,ir.7.ut'ily on the bu.Sis of 

fiel:l experilnentation. 

One aspect of this :i;resent investigation which is difficult to 

un:ie.Pstarrl, is that Henzell ard his research associates mu.nage:i to 

obtain both attracti~m an:i sexual resp;:mses .fr>an male c. zealandica in 

the lalxratcry. In the case of exper>JJ.aents with the "Y-choice olfacto­

meter" (Henzell et al., 1969) this was even obtainro after the male 

beetles ha:i been expose::i tc the pherc.xnune cdoUt' for 1.s: hour (during the 

µ-ecorditioning peria:1) . This is of intETest because many insects ar'e 

known to habituate t0 thelr' sex pheror.nvnes (e.r:;. Jacobson, 1972; Shcrey, 

1974-). Certru.nly the c0rditions urrle:i which the µ-esent lcllxratcry 

experiments were curried out appeur'e:l to the present w:>itet'.' to be closer 

to th0se at dusk than those um.er which Henzell et al. (1969, 1970) 

carrim out the:ir experJ.ments. These authors use::l a constant temperatllr:'e 

room which was "illuminate:i by means vf two 60 watt inca.n:lescent bulbs 

shining thr1ough two Ilforo type 900 re:i filters havi~ a trmsmittance 

aoove 6 , 200 A " ;:irr.i they ::rl j ustro the intensity of this li~ht by means of 

a variable resistance until it "approximated corditions at dusk when 

nuting is known to cccllr:' 11 • The li3hting curditions in the fie].j ut 

dusk, howeve:i, were never' obserived to be as red ns those use::i by these 

authcr s . Possibly the failure to duplicate the secord bioassay of 

Henzell et at. (1970) using the:ir actual a::iuipment couhl have been due to 

chance because only 6 replicates were run. This fai.lllr:'e ulso suggests 

that per'haps there w~ some detrimental influence affecting the beetles 

rearro in the :i;resent stwy although the re<X'ing metho:'l Wu.S vet'.'y similar 

to that use:i by Henzell et al. (1970) (see C:.riapteri 2). 

It is interiesting to note that rrale scclr'abaeid beetles vary 

in their responses to caged live females, to a:'ushoo femules, an:i to 

extracts of fem:-u.es. 'Iravis (1939) found that in PhyUophaga lanceolata 

(Say) "exposure of a a:1ushed fsn.ale initiate:i flights of males, but 

p:-ctluced no visible resp::,nses £ban the females" arrl that "(Cl'.'ushoo) 

males prcxluced no apput:'ent response from either sex". Soo iloo an:l 

Roberts (1965) repcrted that male Rhopaea magnicornis Blackbur-n wer>e 

attracted to cage:l. fencles, cups wlu.ch h:.rl house::l 4 to 15 day old Vlr'gin 
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females, arrl alxiomens dissecta:i from females. ladd ( 1970) fourrl that 

males of Popi 7, la j aponiaa Newnan were attracted to tethe'.'ed an:i sq ua.sha:i 

females, an:l attempta:i to copulate with females heJd in the hard. 

However, they foun:l that although males were ati:racte:l to glass jar-s 

which hai recently hekl virgin fenales, extracts of females in ethyl 

acetate, acetone, benzene, methylene chlcride, an:i ethyl alcohol wer>e 

not attractive. In contrast, Roelofs et al. (1967) couJd fird no evidence 

of a sex pheranone in Amphimallon majaZis(Razoumowsky)even though they 

testa:l caged virgin females age::l between l arrl 8 days, cru:le ethyl 

alcohol extracts of them, an:i separ-ate acetone extracts of males ard 

fanales afteri elution on Fla:'isil columns with varying iropcrtions of 

diethyl ether an:l petroleum etheri. They also tested these chromato­

gr-apha:l fractions in the lal:lar'atcry but obtaine:i negative results. 

The chr>omatogr:iaphy was carrie::l. out in <rd.er to remove possible masking 

agents from the Cl'.'uie extract but chrornatogriaphy may not always do this, 

as f cr example, when the masking agent is a..'1 optical isomer of the 

pheromone. In aidition, cin:'omatogpaphy rray also separate components of 

the pher-omone which act together in eliciting a response. These 

expe:-.unents are therefCll'.'e inconclusive in den:onstrating that A. majaZis 

does not have a sex pheromone. It can be f'l.It'ther- notro that since 

c. zealandiea uses the reactive chemical phenol as its sex phETorrone, 

an:l that both this insect an:l .4. majaz.is arie in the Helolonthinae, 

A. ma,jaUs may also use a reactive chenical fer this pl.Ir'pose which is 

rapidly deactivated. dUr'ing extraction. Nevertheless, the conclusion 

reache:i by Roelofs et ai. (1967) was trot A.majaUs irobably does not use 

a sex phet'om::>ne, arrl the results p:>ese..nted in this chapter, when 

considere:i by themselves cer-tainly suggest a sirniJ.ar:, conclusion with 

respect to c,. .sea~ioa.,arrl yet it is known that the female of this 

insect does p:icduce a sex pheromone. 
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CHAPTER 6 

Materials and rearii'18 J:Etho:is for P. opercuieUa 

Included in this d1apter is a sectim on t-i.e nethods employed 

for transferring live adults from one container to anotl-ier, and a 

section an the investigation· into :rearing ITBt:hocls. 11lo latter incoI'­

porates estimates of the mortality and the duraticn of the various 

stages in the life cycle of P. operauZeUa reared in the laboratory. 

Materials 

The original culture of P. opercule7,1,a was started from 

specimens supplied by Mr's M. Foote, Plant Diseasc,s Division, D..;po.r-tm::nt c-..,f 

Scientific and Industria.l Research, Mt. Albert, Auckk.nd. After this 

larvae were collect.:..!d two or three tiJnes a year from potato plants 

gco;..;ing at Tarnahere GardGll.S, Cambrid~,::, Road, Tarr-.a.1-iere, Hamilton, and 

new cultures were started fron them. TI1is cnsUT'cd that laboratory bred 

rnoths were genetically sir.:ri.lar to wild moths even if the rearing 

procedU:t\3 :imp:ss-<l soIIB selective pressures on them. 

Th.:! possible importanm of startinr.; nev1 cultures is demonstrated 

by the various S\Jlective effects shown to r1a-11..:; occllr!Bd in other insects 

after they had 1.x;cn rean...">U. in the L:Jboratory for sonE generations. 

Fye and Labrecque (1966) observed differc:nres in m:J.ting behaviour of 

laboratory reared male Musca domestica. L. in competition with wild ones. 

Alley and Hightower ( 19 60) noted differences in flatin3 frequency of th,., 

screw-worm fly, CoohZ-iomyia homin'iVorax (Ccqucrcl.) which were attributable 

to their lC:lboratory colonization, and Spates and Hightcwer (1967) found 

that laboratory rearing also af fectcd t11e sexual aggressiveness cf rrrues of 

the saJIB flies . Guthrie and Carter ( 19 72) observed that the moths 

Ostrinia nubilalis (Hubner) lost their ability to SUT'vive en their 

natural host after extended labaratci"'y colonization. Hcwever, by 

rockcrossing ti1e laboratory strain to a wild one, they were able to 

recover the survival abilities of this insoct on its natural hast. 

Recently, Raulston (1975) reported that in the laboratory, females of 

the laboratory adapted strain of tlw moth lleliothis vi:resaens Fabr. had 

a higher perrentage of matines than the! v1ild strain and that this 
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effect was noticeable within three gena,ations. This data irdicate:i 

that the selection iresswe an:l coro.itioning p:>a:luce:i by a'."tificial 

laberatery systems altet'e::i the mating an:l oviposition behaviow of the 
rroth. 

Rea:>ing of P. operauZ.elZa 

All moths wer:1 e r ecr e::l by the metha:l d eser ilie:i belcw because 

this ira:iuce:i a hanogeneous population an:l thErefere helpe:i to ensllt'e 

that expa:>imental results we:->e as repeatable as possible. This methai 

was base::l upon the ones usa:i by Finney et al,. (1947), arri Platner arrl 

OaiJran (1968)with miner mcrlifications that Wet'e a:iopte:l aftEr' being 

exami.ria:i fer a:iver>se effects on the moths. 

The moths were kept an:l rear:>Ed in a dar-:krioan wher>e the 

ternpa-iatut'e was usually between 19°c an:l 22°c but var:-im. on rat:1e 

occasions between extremes of 1s0 c an:l 26°c, arrl the relative hurrddity 

range.i between 46% an:l 85%. Flu<rescent ceiling lights we:-e used fer 

light pEriais being controlle:i by a time switch to p:iov:ide a constant 

photoperiai of 14 hOU's 45 minutes of light to 9 hows 15 minutes of 

darkness. Th.ring the day the insects receive:i about 150 lux, an:i in 

the dcrk per iais they wer>e W:irectly illuminate:i with about 0.1 lux er 

less from a 40 W bulb supplie:l tlrough a Var'iable resistance. In crder 

to re:luce acddental inter>fe:ience with expa-iiments pe:'fcrme:i at the 

beginning of the d ar:- k pEl'." iai s , the lights were time:i to switch off each 

day at 2100 ho.n::s. 

Moth la:'vae wa::>e rear'e::l in continuous culures on potatoes 

loosely pa.cke::l with crwnple:i papa:' towelling in tr ans per ent plastic 

1 litC'e jcl:'s er 10 litre a:plar'ia covere:i with crgan:lie netting. 

Potatoes of any Var' iety arrl size as soJd by a greengrocer We:'e use:i 

arri the:ir skins wer>e punctl.lr:'e::l using the points of a bed of nails set 

vEt"'tically into a lecrl base (fla.Je:- hoJda,) because the lat1vae bcre into 

the potatoes to fem ani these holes p:>ovm.e:l easier' access fer newly 

hatche::l ones. The potatoes WEr' e r eplace::l with fresh ones as they dr ie::i 

rut er went rotten. 
Pupae We:' e collecte::i once a week by canpletely unpacking the 

cultu:'es. 'Ihey wer>e fourd in c~oons which the rna:tU"e la:>vae hcd spun 

amongst the potatoes an:i papa:' tcwell.ing after' emerging fr> om the 

potatoes . Many of the cocoons WEY' e r ippe::l open while being unpacke:i 

thus exposing the pupae arrl those that remaine:i intact wEre ca"'efully 
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opene:l. with fine fcrceps. 

V .Jr gin moths we:> e always obtai.11e:l fr an pupae that ha:l been 

µ,eviously se§'.'egate:i by sex. Male ani fe.rrrue aiults, thcr>efcre, nevEr' 

came into contact with each othEr until they wa·e put togethEr' fer the 

experiments. The sexes of the pupae wa:> e clea:' ly d istinguishe:i uni e:' a 

dissecting microscope by the relative positions occupie:l by the genital 

sc~ s on the.Jr last ab:l ominal segments as shc~m in Fi sure 6 .1 . l"iale 

pupae also terrie:l to be mere tapEre:i, slimmer:', ani lightEr' than females 

but these latte:> chat:1acta:> istics Wa:'e not reliable fer accu"ate sexing. 

The :p.1pae we:"'e always sexe:l twice because errcrs of up to 

3% OCCUl'.".ce::i the f:irst time. The µ,ocess of scrt:ing the pupae was ma:le 

cons:idEr'ably easiEr' by placing two plastic "trays next to the microscope 

stage, one fer rrales ani one fer ferna1?.s, ard lea:>ning their positions so 

that the opEr'atcr cou]d drop pupae :into t."1--iem without having to look 

away from the microscope. This re:luce:i eye fatigue ard tha>efcre 

allowei the sexing of la:>ge numba--s of pupae. 

Pupae wa1e kept in [Jposophi la cul-are jat:1s in a small amount 

of damp sani er Ve:'miculite. This :i;revente::l the aiults :Eran drying rut 

while they WEr'e e.rna-ging ani tha:>eby gave high yieJds of urdarnage::1 

insects suitable fer expaiimental pu:'poses. Newly eirurgei cdults we:>e 

transfa:Te::l to 1. 2 liire wide mouthe:i glass container's (2 pint "Agee" 

ja:>s) with ergardie netting fastene:l owr the openings by screw bards. 

Each containai hai a 12 rrnn hole drillei tlrrugh its s:ide to facilitate 

the inircrluctian of moths when using an asp:irater (describe:! in the 

folla>1ing section) an:i to enable dea:i moths to be remove:! easily. When 

not in use the holes we:>e ccrke:l. Filta:> papais wa:>e place:! on the 

crgardie arrl dampene:i initially with 10% sucrose solution, arrl then with 

wate:' on evEry subse::i,uent day to µ,ov:ide focrl ani rnoisttre. The moths 

wa:'e kept togethEr with the opposite sex afta-- they ha:i been use:l fer 

expaiimental prposes am. then the females reaiily laid their eggs 

tlrough the erganiie onto the filta:' pape:>s. FiltEr' papErs with eggs 

we:'e remove:!. evEry few days ard left in the potato cultlres fer the 

l.ar'vae to hatch • 

'Il."'ansfa:> of Live Moths 

Live moths wa>e iransfa:Te:i with the aspir>atcr describei 

below, arrl when using this adv3l1tage was also taken of the:ir behaviow 

tavcrds light. The moths 1 initial reactions when distl.l'be::l. by movement 
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Figure 6.1 

Se}Qlal d.im:>rphism in the pupa of P. operau Ze i ta 

Note the differences in the pcsi tions occupied by the 

genital scara of male and female. 
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a- by jarir ing WEr"e to fly to.vc:ro.s light arrl then after' a few minutes to 

seek cr-evices a> dar-ke:i cr:-eas to rest. Agee ja:' containa:-s We:'e 

thErefcr-e opene:l withoot losing the moths by hoJding their bases to.vcros 

the light ard pEr'i<rlically tapping them. AltECnatively, the container's 

We:> e opene:l nea:> a wird o.v a> sheet of glass with a light shining fr om 

the othe:> si::le, arrl the moths asp:i.rate:l fran the glass when they flew 

towa:'ds it. This meth<rl was also use:l fer removing moths fran canplex 

pieces of appar'atus. 

The asp.:i.r ata> was base:l on a canmon design sham in Figtr e 6 . 2 

using two rubbEr bungs each with a cenir'al hole to plug a glass tube. 

The errl of a flexible elect" P. V. C. tube was inse:>te:l tlrough one of the 

bungs as an inlet tube while the hole in the othe::> bung was counts::> stmk 

on its inns::> swface arrl cove:>e:l with g:,a:ie XXX bolting silk to seive 

most of the moth scales fr an the a.:i.r • Those scales that r emaine:l we::> e 

remove:l befcr-e the a.:i.r was inhale:l by a dust filte::> consisting of a 

glass expansion charnbe::> that tape::>e:l at one erd to an inlet tube fitting 

into the bung o.ri. the asp.irater . This inlet tube was exterrle:l into the 

expansion chamba-i ard bent so that a.:i.r impinged against the wall as 

it was sucked tlrough, arrl the scales a:ihe:>e::l to a coating of ~tickem 

Special'' on the walls arrl on crumple:l filte::> pape:i loosely packe:l ins:ide 

the expansion charnbe'.' . The errl of the dust filta'.' was close:i by 

anothEll'." rubbe:> bung ~,ith the errl of the P. V .c. mouthpiece tubing fixe:i 

tlrough it. This also µ,ovide:i easy access fer cleaning the filte:>. 

Moths we:>e gently sucke:i into the asp:i.rata> which was lc:rge 

enrugh inte::>nally fa> them to slow do.vn arrl remain uniamage:l. Once 

inside they ha:i no difficulty clinging a> walking on the glass. They 

cc:uJd then be crunte:l by sucking a.:i.r tlrough the asp:i.ratcr mo::ler'ately 

fast because this cause:i them to remain in one place. The moths wer-e 

transfa:-rai fran the asp:irata> by hoJding its inlet tube damwc:rd then 

s:i.multanerusly tapping arrl blowing so that the moths fell to.vc:rd the 

inlet opening arrl we::- e blown rut. 

This meth<rl of transfe::-ring the aiults p:iove:i ve::>y quick arrl 

convenient . It also avon e:i d arnaging the moths by d jr ect han::l ling, at' the 

possible ha:'mful arrl wr iable effects of chilling er using an anaesthetic 

such as ccrbon d iox:ide. 





Figure 6.2 

An aspirator for use with adult P. operauZeZZa 

Note the filter chamber with inlet tube bent so as to 

direct air cnto the side of the c.'1ar1ilier. 
( X ! ) 
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Investigation into the reariing metha:is fer P. operauleZZ.a 

This section deals with the investigation of mo:lifications 

of the mass rect"ing metho:1s of Finney et al. (1947), arrl PlatnEt" ar.:i 

Oatman ( 19 68) . These mai if ica.tions wa:> e IX' incipally conc.rnei with 

obtaining v.1rgin moths; hcweva:>, ot~Et" mcdifications wa:>e ma:le to the 

rear> ing containa:> s, the :methai f cr obtaining p.ipae, ard the com. it ions 

un:l er which the insects we:i e r ecr e:l • These changes r EG. u:ir a1 that the 

dl.l"ations of the stages in tr'"le moth's life cycle WEt"e dete::>mine:l. togetha:> 

with the mcritality so that the rea:>ing :i;rocah.t'a couJd be manage:l 

efficiently. In a:ldition, an attempt was maie to firrl whethEr er not 

scrting the pupae aive'."sely affecta:l them.. This was done by dete:'mining 

the total d llr:' at ion ard mer tali ty of the insects that ha:i been collecte:l 

as la>vae when they emEt"ge:l frcm the potatoes ard scrte:l when they 

p.ipa.te:l , ard. compct' ing these against insects that ha:l been left uni istllr:' ba:l . 

An exp:r :i.ment was also ca:'r' ie:i out to d eta-mine whethe:' the lc£1vae WEt" e 

af f ecte:l. a:l ve=- sely by the deg:- ee of er o,rl ing expe:> iencei urrl Et" the 

r ea:' ing :i;r oce:l we. 

Both Finney et al,. (191.J.7), ard Platn€r' arrl Oa:bnan (1968) 

collecta:l pupae that ha:l bee..."'1. infeste:l. by pa:-asites by allaving matt.r'e 

J..cr>vae to drop fran the potatoes into 1:t"ays of sarrl whtre they sp.m 

cocoons. Sai ium hypochlcr i te solution was then use:l. to dissolve the 

cocoons libtrat:i.ng the moth ani pct'asite pupae. These authcrs d:id not 

,j ete'.'mine the yieJd of viable moth pupae. In the :i;resent stu:iy, the 

µieferTe.:i methoo was to obtain p.ipae d:irectly :fran the.1r cocoons by 

opening the.111 with £creeps. Thus, any ha:'mErl by this methcd. We:'e obvious 

arrl cru:ki be d iscaM e:l , whe'.' eas possible chemical damage might be 

difficult to detect. HcwevEr, attempts We:'.'e ma:le to facilitate 

collecting the pupae by p:iov.iling the lcrvae with crtificial sites in 

v-lhic.1-i they ccuJd spin cocoons, "'these sites being so a:Tange:l. that they 

cculrj be easily opencl up late:> to expose the p.ipa.e. 

It was clec£1ly a:lvantagecus to keep ma:>tality to a min.ii-num 

aft Er the te::l ious p:> oce:l. IX' e involve:l in so:> ting the pupae ard the'.' ef a:> e 

the effects of keeping pupae in empty containe:is er witi"'-1 damp 

vErmiculite was also investigatai to f:i.rrl which "treatment :i;ra:luce:i the 

highest p:' op<r> tion of a:i ul ts. Finally, the availability of f oa:i arrl 

wata:' on the life expectancies of v:ir gin ai ults was investigate:l to 

enstre they wEre sustaine:l in goa:l corrlition. 
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Methods 

The con:litions arrl methcrls use:i fer recring the moths Wa:'e 

ii entical to those des a:' :ibe:i in the prece:.'.ing section on the rect' ing 

methcrl, except fa- the follaving instances requ:ire] fer the p.rposes 

of this investigation:• The insects we:>e e:xamine:i daily. Incubaticn 

times WEr'e fCA.Uii by placing the filtEr' pape:'s with eggs in elect' 

plastic pots, 4 cm high by 5 cm in diarneta-1, with snap-on plastic l.iis. 

'Ihe eggs ani na.vly hatcherl lrvae used in each expEriment we:1e ·--.11 

eithe:1 la:id a- hatche::l on the same day. When the dwation of the 

la:'val stage was being dete::1nined the potato culttres WG'.'e unpacke:i 

1aily fa- examination ard only those lcrvae that hctl sta:ite::l to spin 

cocoons WEr' e r emoverl an:i cOJnte:i . This was necessct' y because irmnaturi e 

lat'vae of ten came cut of the potatoes ar-J. late:> bi.rr CN1Eri back into them. 

The effects of crc:w:ling on the lct'vae was investigata:i by 

placing d iffa:-ent nurnba:>s of newly hatchro J.arivae on kna,m quantities 

of potato in sepc:t'ate containa:'s. The densities of lc:rvae use::l 

range::l £ban 1 to 4 pa' g::iam of potato arrl they Wff'e criginally place:l 

on the potatoes using a carnel ha:ir l:rush. All the contairnrs We:'e 

subse:iuently left alone fer 30 days, then they Wff'e opened arrl the 

numbe:' s of la:' vae, pupae, ard a:l ults amongst the potatoes we:> e ccunted . 

In all otha:> respects the rect'ing methcrl was exactly the same as 

desa-ibe:i in the :i;revious section conca1ne:l with this. 

Ccrrugate:i caruboaro. am holes ctr ille:i into wocrl wEI"e 1r ie:i 

as alta-1native pupation sites . TI1e ca-rugata:i caxiboaru was wt into 

15 s-trips, 3 cm wjje by 20 cm long, at right c1I1gles to the 

ccrrugations. They we::'e place:i at ram.an in a newly p:>epc:t'ed lc:t'val 

cult:ur>e whe:'e they wa:>e left fa- 30 days befcre being examine:l. Holes 

drillai into wocrl We::'e :i;rovi:le:l in tlree special containEr's consisting 

of Opell ue plastic tubes , 10 cm in d iametEt" ard 20 cm long, closEd. at 

one erd by crgarrlie netting ard at the othe:' by remOl/able c:irculct' 

plugs each cut from two flat pieces of woa:i 12 rrun thick arrl bolted 

togethEI" . One hurrlr e:l holes 4 mm in d iamete:> we::1 e dr ille:l tlr ough the 

iru1Er' boar'dS arrl 3 mm into the outEI" ones so that when they We::'e 

unbolte:l ard pulled apar-t any cocoons ins.ide the holes wEre also opened. 

freshly p::>epal'.'Erl potatoes with l..ar'vae that hai just hatche:l We:'e place:l 

in these containe::'S arrl they wa:>e then left lying on their s.icles fa, 

30 days befcre being examinErl. 
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The numbe:' of days taken fran eclosion to hatching by the 

a:iults was dete:imine:l by two methcrls:- In the f:irst, the potatoes we:ie 

unpacke:::l daily an::l rna:twe lar:>vae that ha:l just begun to spin p..1pation 

charnbe:is we:ie collectal an::l kept iniiv:idually in the same type of 

plastic pots uscl fer the eggs . They sµm the:ir p.ipation chambe:i s in 

these in the angles between the walls an:l the flocr whaie they ccul:i be 

examine::l tlr ough the elect" plastic. In the secorrl methcd the potato 

cultwes We:'e left urdistur>be::l. except fer opening the containe:is each 

day ard f:irmly tapping them to make the a:iults fly out so that _thE;y could 

be collecte:i ani countEd . 

.Aiults Wa:'e also kept in the same type of plastic pots usEd 

fcr the eggs. Hcwever, the cen1res of the:ir l:hls we'.'e removm arrl the 

rims w.ro e then use:i to fas ten cr gard ie netting ove:i the pots . Fil ta:> 

papa:> s we:i e placEd on the <r gan:l ie netting an:i ei thEr left dry, wet with 

wate:' daily, <r initially wet with 10% sucrose solution arrl subse::iuently 

remoistene:i with wate:i eve;r;iy day. The filte:i pape:'S were replace:i if 

mcuJd appea:ie:i on them an::l the :i;roce:iwe was restct"tm . Measi.re:l 

quantities of l:iqu:ids wa:>e not use::l f<r this expe:iiment because this 

was felt unnecessa:>y f cr rect" ing an::l the expe:> :iment was designe:l to 

sinulate r eari ing methods. 

VFgin moths we:ie kept in the plastic pots in groups of up 

to 5 irdiv:iduals of the same sex pt:X)Vided they hai all eme:ige:l an the 

same day, wha:>eas moths that we:ie allcwe:l to mate w<re kept as one 

male ard. female of the same age pa:> pot . 

Results 

The eggs hatche:i on the ave:> age about 7 days afte:' being 

J.ajd with a range of 6 days to 11 days, ard up to 60% of them die:l 

(Table 6 .1). It was also note:i that most of t11ese eggs, incluiing 

those that hatche:i , sht:> i velled a small amount af te:i being laid . 

The l~vae \pent a mean time of 20 days fee:i ing in the 
{ 

potatoes with a range of 15 to 38 days (Table 6. 3 ) . They then left the 

potatoes ard began to cans1ruct silken cocoons. At this stage they 

wEr'e collecte:i arrl place::i in irdiv:id.ual containEr's whe:>e they spun 

the:ir cocoons arrl pu:i;::ate:i aftEr' about 2 to 5 days. ThEr'e was no 

significant diffe;r;ience between the di.ration of the l~val stage of 

males ard females. On the avet"'age 16% of the lar'vae die:i bef<re they 

w.roe collecte:1 arr:l a fur:>thEr' 22% dim aftEr> being han:lle:i (Table f.3). 



TABLE 6.1 

Incubation p~ioi fer the egg of P. opercul,el,l.a (in days) 

NUMBER OF % NOT 
1RIAL WMBER MEAN S.D. RAAGE ffiGS I IATCHill HATQlED 

1 7.30 0.48 7-9 139 NR1 

2 7.25 0.45 7-9 172 50.6 

3 6.93 o. 28 6-8 143 58.7 

4 6.75 0.51 6-9 182 36.5 

5 8.42 0.78 7-11 125 NRl 

TOTAL 7.27 0. 75 6-11 761 (47.89 2) 

~ = number- not reccrde:i 

2Total mcrtality £rem known samples only 

TABLE 6.2 

Int~val between the larvae leaving their potatoes ard 
pupating (in days). 

SEX MEAN S.D. RANGE NUMBER % 1HAT DIED 

M:i.le 4.20 1.11 2-6 43 

13.95 

Female 4.23 1.50 2-7 43 



TABLE 6.3 

Dur-atian of larval stage. Nwnber- of days after> eclosion taken by 
larvae to emerge from ix>tatoes arrl then to pupate. Data fran three trials. 

EMERGENCE FROM POTATOES ruFATION OF MALES FUPATION OF FEMALES Total% 
Mean S.D. Range Number i 

Mean S.D. Range Number Mean S.D. Range Number Ma>tality 
Emerging Mcrtality Pupating Pupating to pupa 

~0.44 4.63 15-36 109 - 24.81 4.07 19-37 40 25. 57 3.52 19-39 46 -

D0.01 1.68 16-25 77 17.2 22.83 1.61 20-25 23 23.71 1. 24 21-26 28 45.2 

18. 23 3.48 15-38 67 14.1 20.89 1.57 19-24 28 20.73 1.22 19-23 26 30.8 

ITT.YrAL 19.79 3.78 15-38 253 15. 79 l 23.06 3.38 19-37 92 24.03 3.36 19-39 88 38. 61 

1 
Total mcrtali ties fr an kno.vn samples only. rv 

--6 

0) 
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In another exper:> iment where larvae Wer'e collecte:i afte:- emer>ging from 

their potatoes ard kept in separate containers, they took 2 to 7 days 

with a mean of 4.2 days to pupate (Table 6.2 ). The IIlOt'tality afte:­

this treatment vas 14%. 

Yields of insects var:>ying from 45% to 78% we1.1e obtaine:i when 

larvae were rear>e:i at densities between 1 pet' gm arrl. 4 per gm of 

potato (Table 6.4). However, within the scope of the expe:-iment, no 

1.11Cl:'ease in rncrtality was detectable at the high lar:>val 

densities. 

The effect of rear>ing lar'vae at higher densities than this 

was not investigate:l because the intention was always to use excess 

potato f cr rect1"ing t:he insects fer this stuiy. 

H'.) aivantages were confe:-re::l by providing the lar:>vae with 

al tet'na.tive pupation sites. When strips of ccrrugate:l caro.boar'd WEr'e 

rra:le available few lar:>vae spun the:ir cocoons ins:ide them arrl these 

cocoons were still difficult to open. In aidition, when given woa:l 

with drilled holes usually mCX'e than 88% of the lar:>vae pupate:l 

elsewhere (Table 6.5). Thus this teclmique was not cons:idel'.'e:i WCX'th­

while. 

Ma.le pupae req_u:ire:l significantly longer to ma:tui:1 e than 

ferrales arrl hatche:l afteri 10 to 14days with a mean of 12.5 days, 

while females hatcha:l after 9 to 13 days with a mean of 11. 2 days 

(Table 6.1J. Ma:1e than 77% of the pupae kept in damp Vet'miculite 

hatche:l successfully wt less than 56% did so when kept in empty 

container:' s because many of these moths Wet' e unable to detach themselves 

fran the:ir pupal exuviae. Howeve::1, dry corrlitions affecte:l malesm:re 

than ferrales with respective losses of 54.8% arrl 44.4% whet'eas the 

respective losses in damp VEr'miculite were 22.9% arrl 20.4%. 

A total mcrtality of almost 60% occur:re:i during the J..ar>val 

ard pupal stages when the pupae wa-> e collecte:l , sexe:l un:ier the 

miet:'oscope, an:l kept in damp vermiculite until they hatche:i, wha->eas no 

rn::rtality was obser1ve:1 in urrlisturbe:l cultures when the a:iults WEre 

collecte:l as they eme:'ge:l (Table 6. 6 ) . Howeve:1, there was no 

significant diffe:-ence between the two treatments fer the time taken 

fran eclosion until the a:lults eme:--ge:l fran the:ir pupae. 

The life expectancies of v.:irgin m::>ths deperrle::l on whether­

they wer-e starve::l , given water>, er given 10% sucrose solution 

( Table 6 . 8 ) . The:ir life expectancies inC!' ease:l with significant 



INITIAL 
WEIG!T 

OF 
POTATO (gm) 

200 

476 

371 

496 

394 

503 

695 

331 

402 

407 

434 

697 

469 

TABLE 6.4 

Results of rear>ing Phthorimaea opercul,el,Za on 
different quantities of potatoes 

AVFRAGE % RIDJCTION NUMBER OF 
WEiffiT IN WEIGIT OF NLWLY HATCHED 

or POTATO AFTER l.ARVAf:. PI.A.CED 
POTA'IDES (gm) 30 DAYS ON POTATOES 

66.7 42. 5 200 

68.0 27.3 239 

61.8 24.3 185 

70.9 20.2 198 

65.7 23.6 134 

83. 8 20.3 168 

77.2 50.4 235 

82.8 17.2 110 

80.4 20.4 134 

81.4 15.0 123 

86.8 21.7 109 

174.3 15.4 175 

117.3 17.3 117 

WEICHT OF 
POTATO 
PER 
I.MVA (gm) 

1 

2 

2 

2.5 

3 

3 

3 

3 

3 

3.3 

4 

4 

4 

% AWLTS 
'lliAT HATQ-IED 
WI'IHlli 30 
DAYS 

66.0 

58.7 

45.4 

54.5 

66.4 

52.4 

51.1 

68.2 

67.9 

49.6 

78.0 

60.0 

74.4 

J'\.) 
J'\.) 
0 
• 



TABLE 6.5 

Data fran exper'iments in which lar'vae of P. operau.1,,e7,,Za 
ha:i access to holes fer' p..1pa.tion 

221. 

NUMBIB OF TOTAL YIELD OF PROPORTION PUPATING WEIGHT OF POTATC 
NEWLY HATI::HED PUPAE AND INSIDE HOLES TO EAO-I lAAVA 
lAAVAE EXUVIAE (%) (% OF YIELD) (~) 

239 58.6 19.29 1.99 

198 54.5 5.56 2.51 

200 74.0 8.78 2.97 

TABLE 6.6 

Intet'val between eclosion an:i the emer-gence of the adult. 

% NOT 
'IREA'IMENT SEX MEAN S.D. RANGE n HATQiING 

Collecta:1 as Male 32.37 1.99 28-37 30 
larvae an::i 57.14 
s exro after' Female 31.55 1.66 30-35 28 
p.ipa.tion 

Moths Male 32.04 2.16 29-38 23 
collecterl 0 
after' Female 31.05 2.19 29-38 17 
emErging 



TABLE 6.7 

Number1 of days taken fer pupae to hatch, when 
k t 'th 'th t d ' 1 't ep Wl er Wl 00 :amD Ver'IIU.CU l e. 

TREATMENT 

Kept in 
empty 

container's 

Kept with 
damp ve.L"'m-
iculite 

% Nar 
SEX MEAN S.D. RANGE NUMBER HATCHING 

Male 12.45 0.89 10-14 31 54.8 

Female 11.26 0.86 9-13 27 44.4 

&le 12.66 0.80 11-14 35 22.9 

Female 11.11 0.65 10-12 49 20.4 

TABLE 6.8 

Relationship between length of a:lult life an::l 
diet in virgin P. operaul,ell,a 

SIGNIFICANCE LEVEL 

222. 

LIFESPAN IN DAYS BEIWErn' MALE & FD1ALE 
DIET SEX MEAN S.D. n RANGE LIFESPANS (t-test) 

starved Male 9.75 2.12 20 5-14 8. 40*,'* 
Female 22.05 6.21 21 8-35 

water' &le 17 .45 5.97 31 3-35 

Female 26.48 6.52 31 8-34 S.69*** 

10% sucrose Male 33.61 13.32 21 15-67 0.084 in water' 

SEX 

Male 

Female 

female 33.41 14.78 23 5-74 

TABLE 6.9 

Length of a:lult life of mated P. operau.1,el,l,a 
when fed 10% sucrose in water 

LIFESPAN IN DAYS SIGNIFICANCE LE.VEL 
BETwErn MALE & FEMALE 

MEAN S.D. n RANGE LIFESPANS (t-test) 

12.70 5.47 47 2-23 
3. 78-foh'c 

16.39 4.02 49 7-26 



differences between each trea:bn.ent L.'l the ar>der of those starved, 

the,-se given water, and those given sucrose solution. When males and 

females were provided with sugar and Wu.ter their lifespans were not 

significuntly different with :rrean lengths of 33.6 days and 33.4 days 

:ros:i;::ectively. Ha,.1ever, females lived si[1lifimntly longer than males 

when either given water or starved, and t:i'"1eir respective :rrean lifespuns 

-were 17 .5 and 26.5 days with water und 9.8 und 22.1 days when starved. 

ID contrast to vil...,gin moths, both mu.lo:;~ und female moths that 

were allcwed to rrute had very much reduced lifespans even though 

u.11 were pr0vid1;;:d with suear and wc1ter. The m2an lifespan of l'Ilu.ted 

moths was 12 . 7 days und this was significantly shorter than that of the 

mated females whid1 was 16. 4 days ( Table 6. 9 ) . 

Disaussion 

The known he.st plants of P. operauleUa L:uvae aro listed by 

Cunningham ( 19 69) . All belong to the Solanaceac au are closely 

related: they comprise 15 s:i;::ecies of Sol-anum including S. tuberoswn L. 

(potato) and S. me l-ongena L. (8gg plant), 12 species of Niaotiana 

including N. tabacwr: L. (tob:lcco), Capsiaum frutescens L. (dhili), 

Lyaopersicon escul-entwn Mill. (tanato), 4 species of Physal-is incluling 

P. peruviana L. (Cai:c ecoscberry), 3 s:i;::ecics of Datura, and 5 other 

species fran different ~enera. The larvae are mcstly leaf miners in 

these plants but they also attack the fru:i. t of L. esaul-entwn; the sterns 

0f N. tabaawn~ Sol-anwn nigl"W!lL.and Physalis; 2nd the tubers of S. 

tuberosum (Cunningham, 1969). Finney et al. (194 7) noted that the 

favol.lIBd food plants were potato and tobacco, while potato tubers have 

been widely used for rearing P. opercuZeZ.Z.a in the laboratory. 

According tc Finney et al-. (1947) t½ere u.ppea.YB to be little 

advantage in using e,ne variety of potato L1 preference to another for 

rearing P. operauleUa although they reported thu.t the larvae matured 

on the average a day earlier when reared on the Russet variety, a JIEaJ.y 

pctato, than on White Rcse, a non-:rrealy one. In ad:lition, it has also 

reen noted by Platner and Oatman (1968) that the Russet variety of 

potatoes are more fully consUIIBd by larvae than White Rcse. Both Finney 

et al-. (1947), and Gra£ (1917) also reported that the developnEnt of the 

1.arVae see:rred to be affected by the quality of the f cxx:l rather than the 

ammmt, and that larvae in leaves and sterns of J:X)tato develop more rapidly 

than in tubers. Hcwever, all these effects were only very minor and 
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therefore any potatoes supplied by a greengrocer were used in the 

present study. 

Finney et al. (1947) noted that small sized potatoes must be 

used when rearing P. operauleUa because they have the gpaatest surface 

area for the larvae to inf est. This was conf i.rrred by Platner and Oaunan 

( 19 68) who found that the mcst desirable potato size was between 112. 25 

and 4 inches" in length and that each potato can support an average of 75 

and as many as 90 to 100 larvae. Both Finney et al. (1947) and Platner 

and Oatman ( 19 68) were concerned with rearing parasites of P. operau le l la 

as economically as possible, whereas in the present study size of potato 

was considered to be of no consequence since the larvae were always reared 

on an excess. Tne majority of potatoes used, havever, fell within the 

recornrrended size range of Platner and Oatman ( 19 68) . Furthermore, in t"1e 

present study the skins of the potatoes were punctured to allav the 

larvae ample opportunity to gain entranre because this has been the normal 

practice of many authors (for example Finney et aZ..1947; Platner and 

Oatman, 1968, 1972; Broodryk 1971). 

Larvae were reared at lav densities in potatoes during the present 

study to ensure they were as healthy as possible. Foote (pers.aomm., 1970) 

advised that rearing at la-1 densities tended to prevent excessive mortality 

due to disease, and Brocxlryk (1971) concluded that crcwding and consequent 

malnutrition apparently increased susceptibility to mortality factors such 

as disease. The latter author reported that when the larvae were cravded 

above 1 J::€r 5 g of potato the percentage that survived to pupate decreased, 

and the mean weight of the resulting pupae also decreased. He found, for 

example, that the percentage that survived c:-.md their rrean pupal weight were 

97% and 11.4 mg respectively at a density of 1 larva per 5 g of potato, 

75% and 10. 7 mg at 1 per 3 g 56% cJnd 10. 3 mg at 1 per 2 g, 43% and 9, 7 g at 

1 per 1 g and 23% and 8.2 mg respectively at 1 per 5 g of potato. Tne 

percentages that sur'Vived .J.t densities between 1 per 1 g and 1 per 3 g of 

potato differed from t-.he results of the present study although this is 

probably due to chance vuriation since Broodryk (1971) only used 39 to 

15 7 larvae at each density between 1 per 2 ~ and 1 per 5 g of potato, and 

replicates in the present study each with from 109 to 2 35 larvae sha,1ed 

variations of up to 18% (Table 6.4). Broodryk (1971), ha·1ever, used 618 

to 2552 larvae at ead1 density between 1 per 1 e to S per 1 g of 

potato so possibly his results are correspondingly closer to 
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mean values. When the results of both this arrl the µ,esent stlrly ar:1e 

cons:ider'Ed. togethEr' they clecr ly irrlicate that the lirvae ere ma'e 

heal thy when r er Ed. at lcw densities. 

It c"-Ppeal'.'S :i;robable that the optimum tempa:'atU'e fer 

r ecr ing P. operau 7,e 7, ia is necr room tei--npa:> attr e if it is not necessa.' y 

to treed. them quickly. a, oalr yk ( 19 71) r epcr te:l that male ani female 

aiults fed. honey :i;ra:luce:i twice the numbers of ep__,8-S (cJ.11 ava..,age of 
0 

71.5, range 0-232) when they were kept at 21 C than they d.id at any of 
Q 

the tempe:'ai:ur:'es 11, 16, 25, 29 arrl 39 C. Hamver>, this authcr noted 

that the e.r:zs, lcrvae, arrl pupae o.11 develop ~1ppa:> ently ncrmally at 

tempe:1 ai:ur:' es between li° C uni 3~f) C but they all die if kept at 3ef) C. 

Finney et ai. (1947), hcwevEr, state::l that outl:rec::iks of disease cru]d 

result from recr.ing the J.a>vae at tempa:>c1tuC'es above 30.S')C, but 

note:! also that a suitable tempe:'ai:ur:'e was 2Efc 3Id th::i.t the moths 

attained the.:ir 5" eates t size .3. t tempr atU'.' es lcwer thilll this . 

The mean tirnes spent by P. oper-au.7,eUa in the ep:3, lc:rva, 

arrl pupa in the :i;:resent sti.rly we:>e canpaNd with the times determined 

by other' wcrker>s at diffEr'ent tempa:-ai:ur:'es by plotting the reciµiocal 

values of d eveloµnental time against tempEr a:b..Ir' e as sham in Fie,u-e 6. 3 

This makes the relationship between tiine arrl tempe'.'atlt'e linear 

(Uvariov, 1931), an:i thEr'efcre makes canp,-risons easia:'. FiE1J'.'e 6.3 

demonstr'ates that the mean developmental pe'."icrls in the µiesent sttrly 

£;el1Er'ally compcre:i well with those of Finney et al. (1947), Elliu::lry 

(1965), &.--oairyk (1970, 1971), urd Suntcr.ini (1971) althrugh the 

develq:mental pEr'iai of the lcrva acccrdine to Santcrini (1971), ard 

the :i;:upa acccrcling to fr'ocdryk ( 1970, 1971) wEr'e ma:>ke:ily shcrtEr 

than those dete:'mine.:l in the :i;:resent stuly :md by otha:> wcrke'."s. 

Possibly these diffB'."ences a:>e due to physiological c:daptation to the 

general tempEt" ::1.tur> e character> istics of the a, ea in which the 

pop.iL.:ition of moths huS existe::I. f<r sane time. friocdryk ( 1971) has 

also suggeste:l this to explain why the "t:hc' esho)d of developnent of 

Sruth African tuber' moth eggs (9.5°C) is 4.25cf belcw that of 

E3YPtian ones. A fwthEr' point of diffEr'ence note:l between the p.1pae 

obse:'ve:l in the µiesent st\.rly arrl these examine:l by Santcrini (1971) 

was that the males took si71ificantly lonr,Er to develop than females 

in the p:-esent stlrly vJhe:'eas Santcrini state1 that they both took the 

same time (mean of 8. 5 days) at 2 70c. Other wcr kEr' s, h&eva,, d :id 

not examine males ard females se_pat'ately. 
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Figure 6. 3 

Comparisons between the rean durations of 
egg larval and pupal stages of P. operc:uZeZl,a 
determined in the present study with the 
values published by other research workers 

Since the other research workers used different temperatures 

the canparisons have been facilitated by plotting the reciprocals 

of developrent tinE against temperature which IIk3kes the 

relationship linear. 
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It was note1 that the :i;rop<rtian of erp,s that faile1 to hatch 

in the µ,esent stuiy (Table 6.1 ) appea:'e1 to be rather hit]l when 

Canpct" e:i with those of lr oo:ir yk ( 19 71) which r ange.:i fr, an 7% to 13% • 

Desiccation was p:> obably not the cause of this even though the e&,JS 

s:trivelle1 a CEt'tain amc:unt bee.a.use fr'ocrl.ryk (1971) fcuni that the 

:p:rcentage of eggs that hatche:l at 26 .? C was ap:i;roxirntely the same 

OJEt' a relative hurnil i ty range fr, om 11. 1 % to 100% • 1ar' ge nurnbEt' s of 

e2gs wer-e, hcwevg,, always a.vailabledurini:; the :iresent stuiy ard 

t hcri ef ere the cause of this hig)"l loss was not investisate:l . 

Dur> ing the :ir esent sud y a hij1Et' :ir opcr ticn of ncrma.l moths 

was obtaine:l fr om pupue tl1at Wa:' e kept in d cllilpene:l. sarri when canpcr e::l to 

tho.se kept in dry san:l . HcwevEr. it appe.:rs from the data of Jrocdryk 

( 1971) that rela.tive hur.ri::lity alone has no effect on the :iropcrtian 

d pupae that die er becane defcrrrlEd uiults. This authcr kept p..1pae at 

S diffg;,ent relative hum:ldities between 11.1% am 100% at 26 .r C 

an:i repcrte::i losses ranp_:ing fran 14.0% to 22%. These losses WEt'e close 

to those obtainei in the iresent stl.dy when p.1pae Wa:'e kept in damp 

sani artl the::>efcre it appews likely that the de1rimental effect of dry 

san:i was due to excessive watg;, loss resultine; from alrasian ard that 

this was minimise::l by damp corrlitions. 

Santc.rini (1971) repcrte::l that the lifespans of a:iult male arrl 

female P. opei>aulella deperrie:l. on whether they receiva:i foai ard water. 

He gives the mean number of days spent by male o.n:i female moths as 

a.4 arrl 8.8 days respectively when irov:ide::l with no foo:i er wata:>, 8.5 

w 9 . 0 days with wata" , 9. 5 arrl 11 .8 d 3.ys with 8% honey, wrrl 11. 6 arrl 

11.0 days respectively when irovide:i with 8% "Biopol", a foo::l use:i in 

apirultur'e. These moths wg;,e, hcwever, kept at 2-Pc am. allc:wed to 

TTB.te so the results cannot be compac>e:i d:irectly with those of the :iresent 

stl..dy, but they do shew the same 1rerrls. The only othe:1 publishe:i 

Ja.ta foun:i on the lifespan of a:lult P. operauleUa WclS that of 

ErooJ<z:iyk ( 1970) who repcrte:i that the a.ve:'age fer males illrl females wa.s 

13:layswhen fa:i honeyc.llrl kept at 26.5°C. It is, hcwever, not clec:r 

whether' this authc:r means that the lifespan is 13 days fer both male 

a.rd fenale moths er whethEr' this is fer a mixa:i population,.arrl he does 

not specify thell" rnate:::l state. 

OvEr>all, the data obtaine:i in the iresent stl..dy an the 

development of P. opercu'le7,Za compa>e::l well witht:18se of otha:> wcrkEr""s, 

and therefore it was unlikely tha.t the present· rcar.ing p;\-:,cedure was 
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jetrimental to the insects in any way. It was, hodeve=>, pc--rticuln'ly 

i.mpa>tant ti"1at the .:dult moths WEr"e kept ir1 a healthy state because 

they vJe:>e the expEr>iri1~7.tal subjects in tl1e J_X'eo8nt sttrly. Most ci.ults 

we:-e use:l when they w~e a3al less than 5 days c··d the:ir lon_sevity 

un:l a' the r ea:' ing cord. i ti.ms in:i icatal that they WEr" e ve:i y heal thy . 

.A:iditional confjrma.tiun of this was also obt:uncd fer the females fr ora 

the investii;;ation of ovipositicn (Apperdixl.2), since the nUinbe:-s of 

egzs they 1.:-:.:id comp.r e:l f avc.u' ably with t11e r1unibe:- s d etE!'minei by othEr 

wcrka:is. 
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CHAPI'ER 7 

The reµ,aiuctive crgans of P. opercu.1-eUa 

Irrtraiuction 

The inta:nal reµ-,crluctive <rgans of P. operaul,eUa have not 

been describerl elsewher>e :ilthough the structwe of the rrele an:i pa:'t 

of the female exter>rcl genitalia have recerrtly been repcrtErl by 

Povolny (1964) fer taxonomic pwposes. Par>t of this stu:iy was 

ther-efcre a detaile:i desa:>iption of the m:rphology arrl histology of 

the irrta:inal reµ,a:luctive crgans of the a:'l.ult to p:iovi.de bu.ck~ourd 

infannation roth fer any futwe wcrk on the rep:'aiuction of this moth 

an::l also fer those aspects dealt with her>e in the follCMing clhl.pte:>~. 

A full investigation of the testes ani ovar>ies was not done although 

gener-al obse:>vations ma::le on them dwing the cowse of this stu:iy at'e 

p:'eserrte:i ha'.'e. Also inclu:ia:i her-e, is an investigation into sexual 

d:irnar>phism of the imago an:i canplete descriptions of the exte:>nal 

genitalia because these constitute esserrtial basic infcrrnation fer 

stu:lies of the sexual be..'13.viow of these maths. 

Metha:ls 

The metha:ls inclu:ie all those use:i dwing the investigation 

of the rep:'cxluctive at'gailS of c. zeal-and.ioa which. ar>e desa:>ibed in 

Chapter> 3. Ibwever, therie wer>e two minx d1ffer>ences:- Firstly, the 

m:Jths were use:i when a.ge:i between 1 ard 3 days old unless otherwise 

stata::l.. Secon:ily, the copulating moths wer;,e quick .frozen by first 

allowing them to copulate in small glass tubes cova:ro with crgan:iie 

netting over each en:i, then, aft a: one of the pieces of er gan::lie was 

rerrova:i, they Wer'e droppa:i into liqwd. nitrogen. 

The fixatives lista::l. fer c. zeal-and,iaa gene:>a.lly Wur'ke:i well 

with P. operaul,el,l,a. However>, they gave po::ir;, results fer the ovar;,ies, 

sper;,rnathecal glan::is an:1 accesscry glards in the female ani theref cre 

Altmann' s fixative with chr:'ome alum (Humason, 1967) was usa::l. fa;, them. 

These crgans W<=!r'e fixed in this fer 2 hol.Ir's, then transfa::Too directly 

to 70% alcohol follcwe::i by the n<rmal deh:¢ration, clear-ing an:i 

ernbed:Hng procoou:'e as use:i for C. zeal-andiaa. Gocrl fixation of ova 

canplete with cha;,ions was mt achieve::i mrl they also shrank ba::lly. 

This could have been solvoo by puncttlr'ing the eggs as is IXlr'mal 
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p:-ocah.re when preput:'ing them fa:' sectioning (Humason, 1967), but this 

was not considered necessary fer the preserrt stu:ly since the s-tructwe 

of the egg was mt investigatoo. 

The moths' genitalia were exterrled, in crder> to be examine:! 

urrler the scanning electron microscope, by placing the ncths between 

strips of plasticene sarrlwichoo between glass mict'oscope slides a.rd 

gently s::iueezing the slides together'. When the genitalia were visibl~ 

the moths, together' with plasticene arrl slides, we:>e droppErl into liquid 
. 0 ru:trogen an:l subse::i, uently allooe:i to warm up to -3 5 C. The moths were 

then rem.)VOO fran between the slides arrl pr'epat:'ed for examination as 

descriiboo in the :::ethais section of chapter 3. 

Sexual dirncrphism in the adult 

A:iult mal1::1 an:i female moths ar>e best distinguishe:l by their 

external genitalia which are descriibed in detail belc:M un:ier appr-opriate 

section headings, 

Both sexes ar-e very s.iJnilar> in gener>al shape an:i colollr', but 

they can be easily distinguished with the una,jdaj eye by the shape of 

the ab::lomen. When viewa:l verrt:r>ally, that of the femJ.1.e is relatively 

l:road arrl taper>s to a point (Figure 8.88), whereas that of the rra.le is 

narrower arrl of a mere unifcrm thickness along nust of its length 

except the tip which is l:roai arrl spatulate shaped ( Figut'e 8 .81\) • 

This thickening is caused both by elongate:! scales which arise .fran the 

8th steenite ard by tufts of elongata:l scales that ar>ise fran the 

postEl'.'ieJr> lateral edges of the 7th segment. The latter are termed 

car'ernata arrl n::,rmally lie latet'ally alongside the other terminal 

structUr'es. All the scales at the errl of the ma.le' s alxiorren at"e 

coloUr'ro. a slightly yellaw to orange ppey comparoo with the rest of the 

moth which is Ira-mi.sh <J>ey. Povolny (1964) also notes that, in the 

male, the colour of the errl of the abdanen a.rd the rna.Cl'."'oscopically 

visible ccrernata sharply define the genus Phthorirmea from tha other 

gene:>a of the tribe G:ncr'iinoschemini. 

The othe:> sexually d.im::lr:'phic str>uctUr'es ar>e the hair pencils 

consisting of long thin scales which arise dcrsally on each hirrlwing 

near> the ante=i iar e:lge ard close to the buSe. Povomy ( 196 4) also notes 

these arrl terms them "osmetet>iches". In the µ-esent study (Chapta:> 8) 

they were foun::l to be used dUr'ing mating behaviour' an:i they constitute 



part of the rrale sex p11eromone organs . 

in Chapter 10. 

They are described in detail 

No ot'l.cr sexually d:L--r,or'];:hic structures ".Jeru fourid i."l t1i.e 

present study although a sr.rul acale r::-..orp.'l.ocietric investigation was 
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made dl.lY'ing the search for fuem. The dinensions of t-.. he parts examin~j 

are given in Table 7 .1 arid sha,1 that r..:ost imasuremants did not d:..ffer 

between ma.le and female. The male, h&cver, did have a significantly 

longer total body length, prothoracic leg le...11gth from femur to tarsus ; 

and rretathoracic tarsus length, while the eyes were significantly 

furt:1.er apart a.---id of larger d.ia-r:etGr (Table 7 .1) . 

T:-ie male internal reproducti~,e systen 

The morphology" and histology of the rnale internal reproductive 

system of P. opeY-auZella has not previously been described. :Ia.rever, 

there is a fairly extensive literature on the internal reproductive 

systems of ot7.er I.epidoptera. This i.11cludes rrorp.'l.ological descriptions 

for various r:tl.crolepidoptera (Stitz, 1901, Lasiocampidae Williarrs, 

19 4-0) , Tineoidea ( vlilliarns , 19 l.J. 7 ) , and Hoctuidae ( Calla.1-ian, 19 5 8 ~ 19 60; 

Callahan and C'napin, 19 60) • mtailed descriptions are also available 

for Zygaena (Hewer, 1932); Plodia, and Anaga.stia kuhnieUa (Zeller) 

(Norris, 1932); GaUeria meUoneUa (L.) (Khalifa, l'.)50); CoZia.s 

phi 7,odiae eurytheme (Boisduval) (Stern and Smith, 1960~; RhyaciO'aia 

buoUana (Schi.ffermuller) (S:nen a..--i.d B.;;rryr,1ar1, 1967); Laspeyresia 

aar'yana (Fitch) (Tedders and Calcote, 19f;7); aDd IJiatYoaea grandioseUa 

(nyar) ( Davis , 19 C 8 ) . iiorphological des cri ptians toget'1er wi t"'l. S()!!)3 

histology are available for SOID:.; Saturniidae (Ruckes, 1919), Leuainodes 

oYobonaZis Guen. (Srivastava, 19G0b), and Heliothis zea (Boddie) 

(Calla.'"lan pnd Cascio, 1963), while detailed histc-loE;v is given for A. 

kuhnieUa (Z8ller) (Musgrave, 1937) and Clio:t'istoneuY'a fumiferana 

(Clerrens)(Outrarn, 1970). 

The internal reproductive systc.D. of t"li.e malG P. opeYoaul.,eUa 

is basically the: sar.ie as that found in all t"f-ie higher Lepidoptera 

Irnms, (1960). The ter·rnino1ogy used here follcws that of Callahal1 (1958). 

The internal l"Bproductive system (Fi&rure 7 .1) consists of a 

pair of testes fused into a single structure, two vasc:i deferentia and 

their aeminal vesicales , a pair of accessory glands , a ductus 

ej aculatorius duplex and a ductus ej aculatorius siE1plcx. The latter 

joins tile endophallus whiC:n leads to the exterior t.1r0u01 t'le penis or 



TABLE 7 .1 

Lengths of various exta-nal parts of Phthorimaea operauleUa 
taken from 26 male ard 20 fenale moths. 
All measUI"ements in mm. 

MALE FD1ALE Stillent-t 
MEAN S.D. MFAN S.D. value 

Total ba:ly length 
(heed to al:x:lomen 6.571 0.236 6.200 0.639 2.651* 

labial palp 2n::l segment length 0.776 0.051 o. 771 0.069 0.284 
3rd segment length 0.718 0.051 0.692 0.075 1. 312 

Eye max. diameter 0.502 0.020 0.458 0.029 6.112*** 
Min. distance between eyes 0.646 0.027 0.618 0.040 2 • 867fd; 

Antenna length 4.954 0.333 5.025 o. 377 0.679 

F crewing length 6.312 0.232 6.321 0.505 0.085 
H in::iwing length 5.085 0.187 5.068 0.365 0.194 

ftiothcracic leg ferm.Ir"' length 1.103 0.053 1.056 0.095 2.135* 
tibia length 0.933 0.075 0.858 0.100 2.847** 

tarsus length 1.353 0.059 1.290 0.088 2.819M: 

Mesothcracic leg f e.nur' length 1.401 0.059 1.379 0.049 1. 248 
tibia length l.426 0.078 1.391 0.116 1.134 

tarsus length 1.625 0.066 1. 628 0.102 0.125 
Apical Sµ.Ir' length 0.510 0.038 0.525 0.077 0.888 

Metathcracic leg femur' length 1.498 0.070 1.489 0.118 0.324 
tibia length 2.276 0.120 2.247 0.158 0.718 

tarsus length 2.409 0.087 2. 309 0.163 2.640* 
me::i ial s µ.Ir' length 0.911 0.056 0.913 0.062 0.082 
Apical spur length 0.695 0.032 0.701 0.053 0.464 

Valva length 1.198 0.084 
Penis length 1.270 0.044 

width (midway) 0.072 o.oos 
Distance from postet'icr e::lge of 

8th ste:rnite to anter,icr en:i of 
scler-atise::l ductus but'sae 0.717 0.060 

Exten::le::l oviposi tcr length 0.982 0.209 

Width along poster icr e::lge of 
8th st a:-nu.rn 0.442 0.037 

Apophysis postericr length 1.272 0.066 
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Figure 7.1 

The internal reprcx:iuctive organs of the 
male P. opercul-ell,a 

Errata 

On the diagram: 

"Region 2" shou'ld be label-Zed "Region 3" 

"Region 311 shoul.d be Z.abel"led "Region 2" 
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phallus. Some of the dimensions of the above perts ere given in 

Table 7.2. 

The testes 

The fuse:l testis is a conspicucus apµ,oxirnately sphe:- ical 

crgan which is colo..Ir'e:l a mottle:! deep re:idish l:ra-m. Its maxinum 

diameta-- vcFies between 0.50 rran ard 0.88 mm (Table 7.2) arrl it lies 

d er sally in the 2rrl to 3ro atd ominal se@Ilents just beneath the 

pa:'icaroiwn. 

2:33. 

f.a.ch testis consists of '4 follicles enclose:i within the.:ir 

own connective tissue sheaths (Figur'e 7. 2) which have an inne:- layE:r 

of pigmente:i cells. .Ar>oun:i the cuts:ide these sheaths ar>e fuse:i into a 

corrmon sheath er scr1otum which encloses am birrls togethe:- both testes. 

The scrotum consists of a tough layEr' of connective tissue filres arrl 

muscle abcut 2 .u thick with an inne:- laya-- of pigmente:i cells. 

Toe follicles c!r'e mostly fille:i with spff'm bun:lles but thEr'e 
, 

is a relatively srrall ge:>mariiwn situate:i dcrsally follc:Me:i by a 

region containing cysts of cells at Var' ious stages of SpEI'matogenesis 

(Figut>e 7. 2). The SpEI'm bun:iles consist of closely pa!"'...ke:l par>allel 

spa:1rnatozoa enclose:i within the.:ir cysts along ap:i;roximately the.:ir 

entire lengths. f.a.ch spa:1rn bun:l le is between 10 to 13 )l whle by 

abcut 550 µ long am it is coile:l into a left-harde:i sp.:iral of 9 to 10 

turins with an rute;, ra:lius of abcut 30 _u. 

The vasa de.ferentia 

The paire:i vasa defa:ientia at'e transpat'ent to slightly 

translucent white tapEr'ing tubes which ct'ise next to each othe:> an the 

ventral sur>face of the testes arrl then run in a ventral dFection in 

the ab:lomen. Whe:>e they ar>ise from the testes they have an ave!'age 

width of 0 .14 mm ard this reduces to an avEr'age of 0 .075 ran whe;,e they 

join the seminal vesicles. The left vas defEt'ens is also usually 

longer' than the right one with respective mean lengths of O. 71 mm ard 

o. 69 mn but occasionally in irrlividuals they cFe the same length 

(Table 7.2). 

Each vas defa:-ens is compose:i of a single layE:r of 

colwnnat' epithelial cells ~s- which rest an an cutE:r basement 

mernl:r>ane arri at:'e sur>rourrle:i by a spar>se netwcrk of of rruscle filres. 



TABLE 7.2 

Dimensions of the male inter-nal re:i;raiuctive 
crgans of Phthorima.ea opercu'lel,"la. 
Measurements taken fran 10 males. 
All measurements in mm. 

MEAN S.D. 

Testis max. diameter- 0.720 0.132 

Vas deferens max. width 0.138 0.029 
min. width 0.075 0.024 

length of left 0.708 0.116 
length of right 0.689 0.115 

S eminal vesicles 
max. width 0.140 0.035 
min. width 0.039 0.016 

length of left 2.288 0.543 
length of right 1.805 0.698 

kcesscry glarrls length 9.90 1.63 
width 0.048 0.018 

Ductus ejaculatcrius duplex 
length 1.040 0.276 
width 0.165 0.029 

Ductus ejaculatcrius simplex 
region 1 width by ductus ejao.1latcrius 

duplex 0.125 0.018 
regions 1 an:i 2 length 5.076 0.636 

aver'age width 0.060 0.013 
regicn 3 length 2.328 0.681 

max. width 0.174 0.059 
regioo 4 length o.577 0.093 

width 0.095 0.027 
regions 5 an:l 6 length 0.421 0.042 

max. width o. 206 0.033 

RANGE 
max. IIlJ.Jl. 

0.875 0.500 

0.175 0.080 
0.100 0.030 
0.875 0.500 
0.875 o.500 

0.200 0.088 
0.063 0.020 
3.250 1.625 
2.550 0.625 

12.3 7.8 
0.075 0.025 

1. 750 0.750 
0.225 0.125 

0.125 0.100 
6.30 4.00 
0.075 0.038 
3.20 1.25 
0.225 0.100 
0.75 0.50 
0.13 0.06 
0.58 0.38 
o. 23 0.15 
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Upper 

Figure 7 .2 
Histological rn.icro[7'aph~ of tj1e mi..lle 
internal reproductive organs of 
P. opercr.,i, Zella 

Cross section through the abJorr:en lil tl 1e I'C/.P-Oil of the testis. 

Note the sperm bundles . 

Middle An oblique section throuel 1 the anterior of tiie 5th region of 

the ductus ej aculatorius sinples ( cuticular simplex) shO-ling 

the greatly developed circular musculature. 

LDwer An oblique section tmough the middle of t'1e 5th region of 

the ductus ej aculatarius simplex sh0v1ine the transverc.je 

muscles arrl t11e cuticular sheaths. 
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'The epithelial cells v&"y slightly ove:- the length of the vas def Er ens: 

Those of the thinnEr region (Figur:e 7. 3 A) ar'e between 21 u ard. 24 ,u 

tall, the:ir nuclei ar>e rc:uned with diameter's of 8 to 9 ,u ani situated 

:00.sally while the:ir cytoplasrt.. is densely basophilic in the:ir basal 

regions fa:iing to lightly l:asophilic apically whEre sane eosin staining 

is visible. The intErcelluJ.ar, rneml:ranes of these cells are distinct 

apically but are rna'e difficult to distir1gauish resally amongst the 

resophilic cytoplasm. The epithelial cells of the thickEr region of 

the vas defer>ens ar'e gena-1ally between 14 to 16 ,u tall, the:ir rourrled 

to oval nuclei arie also basally situate::l but slightly srralle:- with 

maximum d iaineta:- s of 5 to 8 µ; their cytoplasm is densely ani evenly 

basophilic. These cells tha->efaie resemble those of the thinna:' region 

except that they lack the apical lightEr staining region. 

The epithelial cells gp ow togethEr at the junction with the 

testis to appariently close off the vas defErens (Figur-e 7 .2 A) but thEre 

dr'e p::-obably disterdable spaces between the.u which arie ncrrnally occltde:i 

because spa-1m bun:iles can often be obsErve:i passing between the cells. 

At the otha> errl of the vas defEt'ens the epithelial cells a('e enlar>ge:l 

to faim a plug which occluies the lumen. Howeva:>, these cells µ'obably 

ar:>e not joine::l apically, thus allowing the sperm bun:iles to pass tlrough. 

Ruckes (1919) repaite:i that the epithelial cells of the vas 

defa>ens in some Satwni.iiae WEre crow.ied arri gpoupe:i into r.iiges -:r 

cluste:'s which he te:'me:l pseu::lon:idi, an:i that the cells wEre distcrte:l 

as a result of this. HowevEt' , this epithelium is unifcrm ard canpose:l 

of columnar cells in A. lcuhnieZZa~ L. orbonaZis, H. zea, ard. 

c. fwnifezoana acccrd.ing to ttism:-iave (1937), &>ivastav9, (1960b), 

Call.a.h3.l1 ani Cascio (1963), arri Outram (1970) respectively. In 

A. kuh:nieZZa the:ir intErcellul.ar' mernlranes are figur:e:l by Musm:-iave 

(1937) as only being distinct apically, ani they appear to be ent:irely 

irrlistinct in C. fwniferana from the diagram by Outram (1970). These 

cells have also been repa-te:l to have a distir1ct !rush boarxiEr in 

L. orbonalis by &1 ivastava (1960b), an:i to have one only when close to 

the testes in A.kuhnieUa acccrd.ing to Musgrave (1937). Ruckes (1919) 

describe:l the cytoplasm of the cells in the lowe:> p<rtions of the vas 

def Er ens in Satwni:idae as appearing fil:rous with µ'OJ:Linent apical 

vacuoles. S:imilat>ly, the free en:ls of the cells of the uppa:> vas 

defEt'ens in C. fumiferana ere densely vacuolate:l ard faim an :irregular' 

boar'de:" with the lumen whEt'e J.ar,ge "gobbets'' of seCl'.'etian cFe buide:l off 
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figure 7 .3 

Histology of the male internal reprcductive 
Clr'gans of P. ope rcu le Z Za 

(All transverse secticns) 

A. Vas deferens 

B. Vesicula seminalis 

C. Ductus ejaculatorius duplex 

D. Accessory glands 

E. First region of the ductus ejaculatorius simplex 

(primary simplex) 

F. Third region of the ductus ej aculatorius simplex 

( primary simplex) 

G. Anterior of the 5th regicn of the ductus ejaculatorius 

simplex ( cuticular simplex) 

H. Endoi:hallu.s 
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(Outram 1970). Hcweva:>, Strivastava (1960b) d:id not obsErve any 

vacuoles :in these epithelial cells in L. orbonaUs. 

The muscular:' laya., su:Tourding the vas defErens may be absent 

er thin in Lep:idopte:ia: Stitz {1901) states that the rnajcrity of male 

crgans we entirely devo:id of musculat\Jr'e ard Musgrave (1937) 

tentatively refe:ire:i to the thin laya:>s of dcubtful crigin SurTourrling 

most of the reiraiuctive crgans in A. kuhnieZZa as basement meml:rane. 

In cd.dition, Sr:>ivastavs {1960b) makes no mention of muscle in L. orbonaUs 

except ar>cwrl the cuticuJ.ati simplex of the ejaculatcry duct. Ncrris 

(1932), hcwevEr', suggeste:i that Stitz (1901) was inccrrect in his 

fin:lings. Ruckes (1919) fourd one muscle laye:i SurTourrling the vas 

defErens of some Satur>ni:idae, Callahan an:l Cascio (1963) obsErve:i a 

single laya:> of c:irculaC' muscle in this position in H. zea, am. 
0..ltram (1970) repcrte:i a well defined but thin c:ircula:> muscle laya:> 

tha-1 e in C. fumif erana. 

Veaiculae siminales 

The seminal vesicles of P. operauZelZa ere long thin tubes of 

var>ying diameta:>. Neer the:ir junction with the vasa defe:>entia they 

ar>e relatively wide, avEraging 0.14 lIIl1l in diamete:> but they tape:> to 

an ave:>age d.:..ameteri of O .039 rrm (Table 7 .2) afteri apiroximately O .5 mn 

to 1 mm. After this they continue as thin tubes unt:..l they cane to 

within about 0.5 mm of the ductus ejaculatcrius duplex when they 

gpa:iually expan:i slightly again. They became attache:i to the:ir 

respective l:ranch of the ejaculata:i ius duplex one quar>to:' to one third 

along its length frcm its postecia:i erd am run alongs:ide them to enter 

poste:> ia::' ly. Most authcr s cans:id Er the upper' d ilate:i :pa:'tion of the 

seminal vesicles to be pa:>t of the vas defa:>ens while Callahan arrl 

Cascio (1963), an:i Outram (1970) ?ons:ide:ie:i it to be a f:irst seminal 

vesicle in H. 2ea an:i C. fwniferana respectively. These authcr s calle:i 

the dilation near> the ejaculata:iius duplex the secord seminal vesicle 

because it diffe:>e:i histologically fran the. first. In P. ope!'aulaZZa., 

however, therie is no significant histological diffa-ence between these 

ti:.-Jo regions (see below) arrl thErefcre the ent:ire duct is simply calle:i 

the seminal vesicle. 

As with the vasa def~entia, the left ard right seninal 

vesicles differ' in length, the left having a mean length of 2 .49 T!llil 

arrl the right one of 1.81 rran (Table 7 .2). The left seminal vesicle 
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also traverses a mere canplex path tlrough the ahianinal crgans than 

does the right but these paths wry in different :ird.iv:iduals. Gene:-ally, 

the f :ir st swollen region of the left seminal vesicle continues in a 

ventral d:irectian fran its vas defff'ens to the left of the fo)de:l. 

ejaculatcry ducts, it then berrls un:l.Er' the rectum ani turns dar1sad agair} 

to the right of the ejaculatcr ius duplex ani d er sally ave:> it to attach 

to its left-hard s:ide. The ductus ejaculat<rius -1uplex is itself 

usually place:i ventral ani to the left of the testis but it is r otate:i 

ard. twiste:i ar>curd so that its criginally ventral strface is dersal arrl 

its criginally ante:-icr en:i now faces poste:-icrly: this tersion accounts 

fer the left seminal vesicle running dcrsally ovui the ejaculaterius 

duplex to attach to its left Jr anch . The r ight-hani seminal vesicle 

simply runs f:irst in a ventral d:irection fr>an its vas defe:'ens ard then 

foJds back on itself to attach to the right s:ide of the ejaculaterius 

duplex. 

Each seminal vesicle is histologically similar;, tlroughout its 

length. It consists of a la.ye:- of cubo:idal to flattene:i cells which 

rests on an outEr' basement mernlrane surirourde:l by a well develope:i lays:' 

of c:ircular' muscle (Figur'e 7 .3 B). 'The cytoplasm of these epithelial 

cells is densely basophilic, the:ir inte:-cellula:- walls i:l"e fairly 

distinct ard the:ir rourrle::l to oval nuclei ere centrally er slightly 

basally si tuate::l an:i have a maximun d iametEr' of abrut 5 to 7 _µ • Fer 

the most par:it these cells a:-e ap:i;roximately cubo:idal arrl ha.ve heights 

of between 7µ and 11µ deperrling on how siretche:i out they a:ie. Neal'.' 

the d ~tus ejaculaterius, hOtJever>, these epithelial cells becane 

f lattene:i an:i the:ir heights range between 5 Jl arrl 7 µ . 

The contents of th<? seminal vesicles consist of spe:-m burrl les 

arrl a few free spe:-matozoa floating in eithEr a non-staining liquid er 

one containing small eosinophilic globules of less than O .s µ in 

diameta:i. No ev:idence was fourri as to the crigin of this secretion 

but possibly the ncn-stain.ing l:iqu:id is secrete:i by the epithelial 

cells of the vasa defe:'entia er seminal vesicles while the eosinophilic 

globules possibly er iginate fran the accesscry glan:ls because they 

r esernble the:ir seer etion. In a:1d i tion, when the se.ininal vesicles wa:i e 

obse:'ve:i dwing dissection they often appeat'e:l clear' er slightly 

iransl~ent near' the vasa deft:rentia but containe:l increasingly J.a"ge:' 

at'eas of a slightly milky l:iq u:id near> the ductt.E ejaculatcr ius arrl 

this closely resemble.:l that filling the accessery glarrl.s ani ductus 
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ejaculatcrius duplex, In aidition the spa:>m burdles couJd also be seen 

within the clear- regions of the seminal vesicles. 

The epithelial cells of the seminal vesicles of sane 

Sa.urni.idae ar>e columnari arrl are not gpoupa::l into pseuionili acca:'ding 

to Ruckes (1919). In A. kuh:nie"lla, those of the seminal vesicles .re 

:ii"T egular ly shape:i ard. fr~ uent ly sepat" ata::l re.sally but fuse apically. 

In this insect the cells of the lowe:> vas defe:>ens ar>e also :irr'egul.ar:'ly 

shapa::l ard. th.?..i:i:' inte:>cellulal:' walls .re only san.etimes visible 

(Musgrave, 1937). LDw columnar' to cuboilal cells constitute the seminal 

vesicle epithelium of H. zea acc<I'ding to Callahan ard Cascio (1963). 

L11. C. fwniferana as describo.:i by Outram (1970), the epithelial cells of 

the f:irst semin.a.i vesicle at'e columnar> ard the:ir secretion is liber>ate:i 

into the lumen in fine droplets while the cells of the secorrl seminal 

vesicle are low to cubo:idal. None of the above auth<I's except Outram 

(1970) note:i vacuoles in the seminal vesicle cells er those of the l<MEI' 

vas defe:'ens arrl &-iivastava (1960b) states that none CCCLII:' in L. Ol'bonalis, 

Fira.lly, a thin laye:' of circular> muscle strroun:l ing the seminal vesicles 

has been repcr>ta::l in some Sa.tur:>ni:id.ae, H. zea., arrl C. fumife:rCIYta by 

Ruckes (1919), Callahan arrl Cascio (1963), arrl Outram (1970) respectively. 

The duatus ejaaulatoriu-s dup"lea: 

The ductus ejaculata..,ius duplex of P. ope:rcul-eZZa consists 

of two swollen sausage shape::l tubes which lie a:ljacent to each othe:> 

(Figwe 7.1). Ante:>icrly eac11 of these drains a seminal vesicle an:i an 

accesscry glan:l ard. poster>icrly both join the en:i of the ductus 

ejaculat<:r'ius simple;.:. The ejaculatcrius duplex fcrms a reservo:ir fer 

both the access<ry glan:is arrl seminal vesicles an:i it tha:>ef<I'e appea:-s 

a -translucent pale white colar because of the:ir secr-etions, In size 

the ejaculatcr ius duplex vac ies in length between O, 75 am. 1. 75 mm 

ard the ird iv:idual 1:ranches Vat:'Y in maximum w:id th from O .13 to 

0.23 rrm (Table 7.2). 

Each :t:ranch of the ejaculata> ius duplex is canposa::l of a 

single laye:' of cells similar> to those of the seminal vesicles, which 

rest on an a.ite:' basement meml:r1ane si.rrourrle:l by a well develope::l layer' 

of c:ircular:' muscle ( Figur' e 7. 3 C) . Possibly the c:ir culc:r muscle ova:' lies 

a spFse laya:> of longitu:linal muscle but this cannot be detecta:i at all 

m the sections. 
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The epithelial cells of the ductus ejaculatcrius duplex have 

been repcrte:i by Ruckes (1919) to have p:-aninent apical vacuoles in 

some Satwni:idae, but no vacuoles We:'e repcrte:l in those of L. orbona"lis 

by 9:'ivastave (1960b). In ll. zea the cytoplasm of these cells containe:i 

grianules ani clea:> globules ~ch move apically ard bui off 

acc<rd.ii.'1g to Callahan arr:1 Cascio (1963). Outr'am (1970) note:!. that ID 

c. fumiferana this cytoplasm was dense but containe:l small apical 

vacuoles ard he also obse:'ve::l that the cells wa:>e in a vEry active 

sea- etcry state am no distinct innEr boaro.€3'.' was visible. Both 

Callahan arrl Cascio (1963), ani 0utr'am (1970) repcrte:i that these 

epithelial cells degene:'atedtring the life of the a:iult in H. zea,ard. 

c. fwnifeiiana respectively, until at oJd age only the basement memlrane 

arr:1 muscle is left. Hc:weveC', no ev:idence of degena:>ation in these 

cells was fourrl in P. opercuZeZ"la dUC'ing the :i;resent stt.dy. 

_In sane Satl..Ir'ni:idae the ductus ejaculatcr iu~ duplex was 

repcrte:i by Ruckes (1919) to be slr'I'o..utla:l only by a la.ya:' of cit'cular> 

rruscle but in H. zea am c. fwnifeiiana it is enclose:i by inne::' 

longi tu:! ina.l rruscles am. an rut a:' laye:' of c:ir culct' muscle acccrtl ing to 

Callahan arrl Cascio (1963), arrl Outr'am (1970) respectively. 

AntEr'icrly the walls of the ejaculatcrius duplex of 

P. opeiiauZeZla. rra:ige impe:'ceptably into those of the accesscry glanis 

arrl seminal vesicles, ard the lumens of all a> e continuoo.s, but 

poste:'icrly these cells enla:>ge whe:'e the two l:ranches come togethe:' ard. 

tl-iQy nl."OCSt occlude the lurren. 

In A. kuhnie Z la the lumen of each l.r anch of the d uctus 

ejaculatcr ius duplex is sepa:1 ate:i , at least pat:' tially, fr an that of the 

accesscry glarrl by a pcrtition acccrding to 11..isgriave (1937) an:i he 

:i;r esumes that this is l.r oken down d 1lr' ing co:pulatian. Howevai , this is 

the only specific description of what happens at the errls of these 

crgans in otha:> IfapjdoptEr'a am. ther-efcre thejr lumens a:>e i:robably 

continuous with those of the al joining str'uctur'es. 

The aoaesaoroy gZanda 

The pair' e:i accesscr y glarrl s ere closely bcu.rrl togethe:i along 

theF whole length. They ari e long thin blirrl errl ing tubes which vcr y 

in length between 7. 8 mm arrl 12. 3 mm arrl in w:id th between O .13 nrn an:i 

0. 23 rrun (Table 7 .2). They ar1 ise from the er iginally ante:' icr en:l of 

the ejaculatcr ius duplex which is twiste::1 to face poster' icr ly arrl run 



repeate:ily back ard faith at l~ast twee times within the 2rd to 7th 

abi orninal segments, coiling as they do so. 
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Histologically they a;, e canposEd. of an :i.nna;, epithelial laya;, 

of apµ,oxima.tely cuboilal cells resting on a basement memlrane am 
boun:l togethEr by a carrmon connective tissue sheath with a netw:cr k of 

rruscles in it ( F:i.gur, e 7 . 3 D) . 

The epithelial layer' consists of two types of cells which 

intErgpa:le with one anothEl' . Both types wry in heigi'-it from 3 to 9 u, 

have m<re a> less iistinct intEl'cellular:' walls ard have ro..m:ie:i to 

slightly oval nuclei with r~rum diarr..etEl's of 6 to 8 )..l. The first 

type of cells ar>e iniis·tinguishable fban the epithelial cells of the 

ejaculat<r ius duplex, except that they cJr>e usually srnalla;, , while the 

secord type have eosinophilic cytoplasm an:l at:'e actively seaietcry. 

Dense clustEr s of globules of nan-staining secretion can be seen to 

al'.'ise from the mild.le of the:ir apical swfaces whEre the cell walls croe 

irdistinct. Vacwles, hcweve:, occur' singly arrl rar>ely in these cells. 

All inta->me:i iate stages occr between these two cell types althc:ugh 

sea:'ete:l globules ar>e only fourrl dC'ising fban cells with nan-basophilic 

cytoplasm <r with cytoplas."Il containing only a few small scattEre::l 

basophilic g:-anules. It is tha'efcre possible that these cell types 

rep:tesent the same cells at d iffa:>ent stages of a secretaiy cycle. 

The seer etian st.n" oud :i.ng the nan-staining globules in the 

accesscr y glan:i s is a pa.le hanogenc:us l:iq u:id which stains lightly 

eosinophilic but as it moves :i;:rioximally it gpaiually changes to a dense 

rrass of deep staining eosinophilic droplets with diameta:'s of up to 

O .25 )..l strroon:l.ai by clear> spa.cc er non-staining ljqu:id. These 

droplets :rrobably carrlense from the hanogenous ljqu:id althc:ugh they 

couJd possibly also be at:1tif act. 

Musgrave (1937) recognize::! 4- regions in the accessaiy 

glarrls of A. kuhnieZZa an the basis of theF seaietions ard Outram (1970) 

s:imiJ.ar>ly recognize:i tlree regions in those of C. fumiferma. lk,;veVE!', 

acccnl:ing to these authcrs the accesscry glanis of these insects ct'e 

histologically similar' tlroughc:ut theF lengths. Callahan an:1 Cascio 

(1963) also fcun:i this epitheliwn was histologically unifaim in H. zea 

ani suggeste:l that the appa:'ent differences between the vcrious regions 

a'.'e due to physiological changes in the secretion. 

Ruckes (1919) describes the cytoplasm of the accessaiy glarrl 

cells in sane Sattrni:id ae as spongy arrl not obvirusly vacuolate::i , arrl no 
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vacuoles Wet'e repcrte:i in these cells in A. kuhnie7,7,a by Mus~ave (1937), 

<r in L. orbonaUs by S:-1 ivastava (1960b). Howeva', Callahan ard 

Cascio (1963) descriibe these epithelial cells· in Ii. zea as lCM columnar­

with central nuclei, an::l theic sea'.'etion accumulates in apical vacuoles 

which rupture liber-ating the secrietion into the lwnen. Aftai this the 

cell walls ref<rm leaving an even boxier. Outram (1970) repcrts that 

in C. fwnife:flana these cells ace also low colwnna'.' an:l. thejr cytoplasm 

contains rrany vacuoles which ai:'e per>icrlically dischaC'ge:i as fine 

droplets into the lwnen of the glan:l. in a sinri.lar irocess to that 

jescr ibei by Callahan an:i Cascio (1963) fcr H. zea. 

Ruckes (1919) repcrtcd that the accesscry glarrls of sane 

Saturni:idae wEre swrourrlai by a single layEr of longituiinal muscle. 

Callahan ard Cascio (1963) ma:le no mention of any rruscle swrourrling 

these crgans in H. zea. Outram (1970), hcwevet', desCI":iba:i an inna:' 

longi tu:i in.al la.yet' of muscle arrl an cuter cjr cular- layEr mvestmg each 

accesscry glarri m C. fwniferana. 

The duotua ejaauZator>ius simptex 

In P. operaul-eZZa the d.uctus ejaculatcrius simplex ar'ises 

from the er iginally posta::' icr en:i of the ductus ejaculatcrius duplex, 

arrl f<rrns a long thin tube which runs back ard fcrth longittdinally 

tlree times within the 2rd to 7th ahlani.nal segments arrl finally 

disappear-s into the Jcrsal s:ide of the base of the penis. 

Ext€!"' nally, it is d iv ii e.i mto 5 regions by its w±i th arrl by 

the appeat"ance of its contents; the f:irst 4. of these can be ~oupe::l 

together' as the Ir' im::lriy segment since they ar:>e not line:!. with cuticle 

while the last one has an intina ard is the:1efcre ta:'me:I. the cuticular­

segment. 

The fjrst region is usually a transpar-ent er occasionally 

slightly translucent white duct with a unj£crm er slightly tapa:> ing 

diametE!"' of 0.075 to 0.038 rrnn along nost of its length altha.igh this 

troa:lens to a mean diamete'.' of 0.13 rn-,, ii,:ma:liately befcre it joms thl~ 

ejaculatcr ius duplex. PostEr iCI"ly it runs into the secorrl region 

without any change m diameta:' but this is ma:'ke:l by the secretion 

insiie taking on the appear>ance of a numba:> of closely packa:l clear­

globules. The total length of the canbine:l fjrst an:i secorrl regions 

vat'ies from 4.0 to 6. 3 mm (Toble 7. 2) but the secor.:l region is only 

abcut O ,2 mm er less in length. The thiro region fcrms an expan:ie:l 
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st<rage crgan fer a ljqu:id containing small dense white droplets. It 

vac ies in length from 1. 25 to 3. 2 mm ani in rnaxirrun diameter' fran 

0 .06 to 0 .13 mm. The fOllr'th region is a clea::i unifcrm tube with a 

mean w.il th of 0. 09 5 mm which Va:' ies in length fr an 0, 50 to 0. 7 5 mm. 

All these 4 regions of the µi im3r> y segment of the 

ejaculat<r ius simplex arie histologically similar>. They consist of an 

llll1Er' single laya:' of low columna:' to cubo.il al cells resembling those 

of the ej aculat<r ius duplex (Figw es 7. 3 E, F) • These cells rest oo 

an outa:' basement mernlrane sur;r.('ourde:i by an irme:> laya:' of longituiinal 

nuscles ard an oute:> laya:' of circulat' muscles. The cells of all 4 

regions variy in height fran 4 to 9 ,u ani contair1 la:'ge rourrl.e:i to 

oval nuclei with maxim..un d iamete:> s of between 5 arrl 8 _u. The inter -

cellular walls a:' e fair' ly distinct an:l the cytoplasm is mo:ierately 

basophilic, al though that of the cells in the fir st two regions stains 

slightly deeper with haernotoxylin than the cytoplasm of the thW ard 

fOLIC'th regions. Ftrther'ma'e, in the third region the cytoplasm by the 

mtercellular> walls sanetimes stains lighta:' than in the rest of the 

cells (Figur>e 7.3 F). In sections the secretion of the f:irst region 

appearis finely g:,anular:> er sanetimes contains eosinophilic globules 

s:i.mil.a:> to those f oun:i in the third region d esc:r ibe:i below. In the 

secorrl region the seer et ion appear:' s as closely packe:i lat' ge clea:> 

refractive blocks with :irregular' s:ides ard with w:id ths of about 5 _u. 

The secretion in the thW region consists of densely packe:i 

spherical globules which a('e ma:la->ately eosinophilic ard wry in 

diameter from 1 to 12 µ· althrugh most lie in the 2 to 4 _u size 

range. In the fOU'th region the secretion appea->s to be lcrgely 

clear but it sanetimes contains a few irrliv.ilual spErmatozoa scatta->e:i 

:irr egul.ar' ly ttr ough it. 

The µii.mar>y simplex is gena:'ally cons:id.Er'e:i to be the ariea in 

which the spe:'rratoph<re µiectrscrs a:'e µ'a:luce:i (Ou1raml 1970). The 

epithelial cells of the 4 regions of the µiimat'y simplex in 

P. aperaulella arie µiobably glarrlulcc' although no vacuoles can be 

obsErve:i in their> cytoplasm. Riobably their> secretion is libEr'ate:i as 

extremely small droplets ani it is the:'efc:re difficult to detEi"mine 

hew many diffEr'ent glardulari regions thEr'e crie. On the basis of 

sea:'etian alone thEr'e wouJd be a maxirrn.un of L~. Howeva:', Callahan 

arrl Cascio (1963) conclu:hrl that the:'e wa->e only two glaniula:' regions 

in the µ':unat'Y simplex of H. zea instea:l ~ the criginal 4 suggeste:l 
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by Callahan arrl Chapin (1960). What ha:l been irevioosly obse:>ve:i was 

the secretion urdErgo:i.ng physiological changes dllr'ing the reµ-o:iuctive 

li£e of the moth arrl thff'efcre a similar:' physiological change coull 

also occur' in the seaietion in P. operoulelta. Among othE'!"' l.ep:idoptE'!"'a 

the::'e is also doubt as to whethEt' mcrphological divisions of the µ>irr6!'."y 

simplex reiresent discrete glan:iular:' regions. Stitz (190Ddiv:ide:l the 

;.mole duct into tlr ee g.larrl s with a v ar:i ying nurnbe:> of intEr' mcrl iate 

pcrtions, ta:imal "Schaltstucke". Ncrris (1932) cons.:idEr'e:l that thEre 

WEr" e 4 seer etcr y ar- ea.s ani no int<:!'ma.i iJ.te ones in A. kuhn, ie Ua, 

ba.sed on the difftrent types of secretion, whEt"eas Musgrave (1937) 

cons:ida:ie:l that tha:>e wa:>e 1.~ secretcry ar>eas plus 4 inta:>meiiate 

ones in the same insect. Khalila (1950) conclt.rla:i, frian the secretions, 

that tha:>e weve only two discrete secretcry regions .in the i:rima'."y 

simplex of G. meUonel,Za even thoogh it was ccmposErl rncrphologically of 

6 sectia.'1s, &"ivastava (1960b) describes tlree distinct mcrphological 

regions in L. orbonaZis. Outrarn (1970) fourrl 7 mcrphologically 

distinct regions in c. fwaiferana which were also distinguishable by the 

secretions they containe::l. 

The appeat:'ance of the secretions of the II'l.JTla"'Y simplex in 

histological sections have been describe:l fer A. kuh:nieUa, H. zea, 

arrl c. fwniferana by Musgt'ave (1937), Callahan am Cascio (1963), an:i 

Outram (1970) respectively. They wry consiiaiably £ban a hanogenous 

rrate:>ial, sometimes with vacuoles er globules in it, to one that was 

cornpose:l solely of g;,anules cr globules. In both A. kuJmieUa arrl. 

c. fwnifera:na~ thaie was also a region filled with angula'." blocks of a 

hanogcnous secretion similar' to those fcurrl in the :rresent stu:ly 1 in the 

seconi region of P. opePau Ze i Za. 
Ruckes (1919) notcl that the epithelium of the i:r:imcry 

simplex of some Satl.lr'niiiae was colurnna:> , arrl fr> ivastave ( 1960b) 

obsErve::l no vacuolGs in any of these cells in L. Ol'bonaUs. M..lsg:-ave 

( 19 3 7) r epcr te:i that the epithelial cells of the var- irus regions of the 

p:ii.m::r"y simplex of A. kuhnieZ.Za WEr"e collli!lila' er :irregular' in shape, 

arrl that sanetimes those of the foi.rth intErme:liate region ha:l a faint 

·striate:l ba:xiEr next to the lumen. Ca.J.lcJh.an arrl Cascio (1963) foun:i 

that the cells of the seconi (ante:>icr) secretcry region in H. zca we:'e 

low columnar' to cuboil al with smooth apical mr faces , but they 

degena:>ate::l completely in oJd moths. These authcrs also desc::'ibe the 
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cells of the fjz'>st (posta:'i<r) secretO'.'y region as being colUfi'lncr arri 

i;rmucing secretion by"bwding: Outrarn (1970) repcrtai that the cells 

of all regions of the µ,:irrlct'y simplex· of C. fumiferana Wa:'e histologi­

cally similar', being colur.onct" with even b<rda:'s next to the lumen, 

an:l with granular' cytoplasm which staine:1 dar'kly with haema.toxylin. 1n 

o}j moths all these cells d egener> atai consm e:1 ably, but not canpletely. 

Ruckes ( 1919) notai that the II' .iJna:, y simplex of sane 

Satur>nimae was investe:i by longitu:iinal muscle only. Callahan arrl 

Cascio (1963) repcrte:i that the ''secom'· (anta:'icr) se<ret<ry region of 

H. zea is surT ouni e:i only by a laya:> of c.:ircul.cr> ruscles whet> eas the 

.. f ll' st' ( posteri i<r ) sea:> etcr y region has an inna:> longi tui inal laya:> 

surToon:ie:i by c.:ircular' ruscle. In c. fumiferana the entll'e i:ri.racry 

simplex is swrouniai by a layer> of langituiinal rruscle filres ani a 

thin outa:> laye:' of cll'cular> nuscle acc<rding to Outram (1970) • 

In P. operaul,el,Za the cuticuJ.a:i segment of the ductus 

ejaculatc:rius simplex Vct"ies in total length iran 0.38 to 0.58 mm 

ani it is tr>anslucent white in colou:>. The fifth region f<rms a 

ventral swelling of the duct which is late:>ally comp:iessai ani reaches 

a rnaxinum w±i th between O .15 ard O . 2 3 rrnn . Usually this region is 

bent into a "C" with the w:idest pat't of the swelling occur'!' ing an the 

mnd le an:i inna:> pat' t of the "C11 • Anta:> i<r ly ani post Er' icr ly the 

swelling taperis ani gra::iually assumes a rounie:i cross-sectional shape. 

Posta:> icr ly this becanes JI' o:l uce:i into a r oun:i e:i duct to the penis. 

The epithelial cells of the ent.:ire cuticular> se@Ilent ar'e the 

same as those of the en:iophallus (Figur'es 7. 3 G, H). They ct"e flattene:i 

cells 1 to 3 µ in height with eosinophilic cytoplasm arrl with deeply 

staining oval nuclei 3 to 5 u in maxirra..lm d iameta:> • The.:ir intEr' -

cell ular1 walls ct' e in:l istinct but apically they secrete' a thin int:i.rna 

abcut 1 u in thickness which lines the lumen of the duct an:l. they rest 

basally on an cute:' basement memtrane. This epithelial lining is 

usually foJde:i into longitu:linal ri::lges ins±:le its oute:' muscular> 

laya:>s. 

A thin spa:'se irme:' laya:> of longitu:linal JIU.J.scle sur-rrouus 

the epithelial cells ani this is enclose:i within a well d evelopai lays:' 

of c.ircular' muscle. At the ante:'i<r erd of the 

7. 3 G) the cll'cular> muscle laye:' is between 18 

5th region (Figtre 7. 2 13, 

to 25 µ thick ard is 

enclosed. within a thin connective tissue sheath. The muscle is 

thickest postEl'icrly an:l. fcrms a sphincta:> mich controls the flow of 



flu.i:l out of the p:1:irlcl('y se~ent of the ejaculatcrius simplex. 

Poste:> icr to this sph:i.ncta> the rest of the cutio..ila' segt,illt is 

completely enc:ircle:i by a tubular ep:ide::>rna.l sac with th:ir-1 flexible 

mlls which a:'ises from the e:lges of the fcrame.n at the base of the 

sclErotise:l penis tlrough which the ejaculatcry duct enta:'s. The 
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antEr icr> errl of this epile:;,rra.l sac joins the connective sheath vmich 

sl..l!:'rourd s the ante:;, icr sphincta:>. Most of the lengt.11 of the cuticulcr 

segment is thEr'efere covEr'e:l by a thin walle.l c.P:idEr'mal sheath. 

The ci1"'Culur- muscles sha,..i basically the same arirangement 

:in the rest of the cuticula' segment. HCMeVEr', they becane recrganize:l. 

to run ventrally un:ie:> the epithelial lining of the duct from :inset"-ticns 

on eithe::> side of the ep:id<rmal sheath (Figu:,e 7.2 C). In the region 

of the swelling this muscle layEr" becanes encrmc:usly develope:l so that 

it is abrut 100 .u thick arrl 80 ..u wjje but it tapa:'s poste:>icrly until 

it 1.s only abrut 10 to 20 ii thick just be,fcre the duct enta;is the penis. 

'TI1e cuticula' s:iJnplexes of most Lepiiopta:>a, whose inta:>nal 

r ep:1 ai uctive er gans have been d escr ibe:l :in detail, resemble each otha;i , 

except fer sane T:ineo:idea. describe:l. by Williams (1947). This <3llthcr 

repa-tm that Tisaheria tinctorielZa (Chambe::>$) hai a sac-like structwe 

which jo:ine:i the ejaculatcr>y duct just befa•e it ente:>e:l the penis, 

while that of Tisoheria badiiel,Za (CharnbErs) was sirnilcrly joinm by a 

long coilErl siructtr e. Histologically, the cuticula:' s:implex of 

P. ope:l'cuZelZa is va;iy similcr to that founi in A. kuhnielZa an:l 

c. fwnifer>ana acca>d:ing to the descriptions of Musg>ave (1937), arrl 

Ou-tram (1970) respectively, an:i it is s:imila' to that of Ii. aea as 

describcl by Callahan arrl. Cascio (1963) except that this moth has a 

small divErticulum vmich !ranches fran the ejaculatcry duct :iJ1 the 

antEr>icr of the bulbous m.1scula:' par-t. Ir1 A. kuhnieZ.Za~ :he cuticulc:I' 

s:implex is enclosa:i by a double cuticular:1 wall (Muse:'ave, 1937), 

ma:> eas Callahan a.n:i Cascio ( 19 63) only mention a s:iJ1gle oota:" 

cuticular' sheath in H. aea anl Ouiram (1970) describe:i a s:iJ1gle oute::> 

cuticular' sheath in c. fumiferana si.rrourrle::i by a jouble connective 

tissue sheath. Callahan arrl. Ca.scio (1963) suggeste:l that the 

ejaculat<ry 1uct which lies entirely free with:iJ1 the strroun:i:i.ng muscles 

am. cuticulari sheath, is the:>eby allowe:l to stretch ani follow the 

eva:1 sion of the errl ophallus d lt" ing copulation ~ IIaveve:' , no ev:id ence 

was foun:l. in the p:iesent stLrly that the eniophallus of P. operculel,7,,a 

eve:> ts d lt" :ing copulation. 
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The p:'ocess of sperirnatophcre p:'aiuction ha.s been followe:i by 

otha:i wcrkErs in a numbe'.' of moths. Acccnling to Ncrris (1934), in 

Plodia it is par>tly fourd within the bursa copulatrix of the female 

ard pa!:'tly within the ejaculatcry duct of the male. The secretion fran 

the post a:' icr segment of the p:' .irrBry simplex flows into the btr sa am. 
haro.ens into a gelatinous m3.ss whereas the secrietion fran the m:iddle 

se~ent flows into the cuticulari simplex wh~e it is mou]de:i to fcrm 

the neck ard hcrns of the spa:>rnatophcre. The cute'.' layer> of this 

secrietion hard. ens ard the secretion from the ante'.' icr segment is then 

fcrcei down, followe:i by the sperm ard accesscry glan:l secretion, 

pushing the soft ccre of the neck into the bursa thereby disten:ling the 

f:ir st gelatinous secretion into a sac. Finally, the neck arrl hcrns arie 

expelle:i from the cuticular sirnplex into the bwsa to complete 

sper>ma.tophcre transfer'. 

Sper>ma.toph<X'e fa'ma.tion in H. zea has been followe:i in detail 

by Callahan (1958), ard Callahan ard Cascio (1963). At the onset of 

copulation the erd ophallus is locka:i into the bw sa by evEr tion of the 

errlophallic caecae arrl the secretion from the f:irst secret<X'y region of 

the :ir inar'y simplex is d ischar' ga:i into the but' sa copulatr ix. Simul ta­

nerusly the sperm buniles in the duplex begin to l:reak down arrl. the 

sperim mix with the secr'etions tha:"e. A gel :i;raiuce:i by the secorrl 

secr:'etcry region of the simplex is then move:i poste:> icr ly by contractile 

movements. It becomes µ:,ogr,essively m:re resilient arrl fcrms on its 

oute:> Sllt"face a ro:i-like spe:>rnatoph<X'e :ireCUl:'s<X' in the JIDlscular' region 

of the cuticular simplex. This is movEd on by waves of contraction 

from the transver'se rruscles. The mass of spe:>m trails the µ:,ea.Jr'S<X' 

ard mixes with same of the inte'.'nal ccre of the µ>ealr'G<X' in t½e 

cuticular> simplex. As the sper>rnatoph<X'e coils down ar'ourrl the en:ier 

phallus the inner c<X'e rroves towards the tip of the spe'.'rnatophcre ard 

the Sper'ffi follow the retreating ccre. As the tip reaches the ccrpus 

bursae the ccre draws µ:,ogr-essively into the tip ard exparrls it into a 

bulb-like ccrpus. At the completion of copulation, the ccre caues 

up to the top of the spErma.tophcre ccrpus ard haroens to a plastic­

like consistency. Beneath this arrl down into the neck -of -the 

sper'ma.tophcre is the sperim mixEd with accesscry glarrl ard duplex 

seer et ions. 

A similar' but sanewhat simple'.' p::iocess of sprrna.tophcre 

Jr>crluction has been describe:i fer Laspyresia pomoneZla L. by rer'l:'O and 
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Akre (1975). In this moth the p:>imar.'y simplex secr'et~ the spa:>matopha'e: 

p:>ecurscr an:i this fcrms as a resilient tube in the cuti011.cc' simplex. 

Within 15 minutes of cop.i.lation it is p..ishei into tlm bwsa cop.i.latrix 

via the erri ophallus an:i once insi:i c, it expa..,u s with the aid i tion of a 

clear' l:iq u:id uni er ir essl.lt' e . After 40 minutes the male ejaculates the 

seminal flui:l. which is f:irstly a milky flu:id containing free sperm ard 

late'.' a compact substance with sper:im bwu les. Spe'.'m tr ansf Er' is finally 

canplete:i 50 to 60 minutes aftai the initiation of mating. 

fllt:"the'.' stuiy is re::i.ujy,e:i to detEr-mine hew the Spe'.'matophcre 

of P. opei>aul,el,Za is fcrme:i but it couJd be similar> to any of those 

d escr iliErl above . Any Sper:'rnatophcr e i;r ear scr wou]j , hrneve'.' , have to 

be shape::i into a thin ro:i to alla,1 it to pass tlroug.r-i the narTOW 

tubular- penis (d escr ibe:l in the fallowing section) . In a:id i tion, the 

structur'al simplicity of the Spe:'rnatophcre of P. opro?ouleUa,, as 

jescribe:i in the section on the female mtE:rnal rep:'a:iuctive crgans, 

couJd :inl icate that it is ent:ir ely d ischat" ge:i as a l:iqu.:id er plastic 

gel into the bw sa copula tr ix wha:> e it har'd ens after' d ischa:-ge of the 

Spe:'m. If this occur' s, then the resulting structtr e couli no longEr' be 

strictly terimei a sper:irnatophcre since it is not fcrmed within the rnale 

arrl passerl to the female but it is gene:>ally acceptro, that in sane 

insects the spe:>matopha-e only assumes a jefinite fcrr.'.l within the baiy 

of the female (Ir,1.~, 1960; Chapman, 1975). If the male secretions 

ha:'den afte:> being intro:lucro as a l.iqu:id into the female then this 

wruJd re:i;resent a methai of spa:>m transfer intE:rme:i iate between d:irect 

spe'.'m transfer ani insemination by means of c1 spErmatophcre. 

_..,.'hen consila:>ai ovE:rall, the intirnal rep:-aiuctive crgans of 

the male P. opez>cr1A.leUa have no unusual histological feati.res compcr'e:l 

with otha:> Lep:idoptera; almost eva:'y detail having its ca.mte=ipat"t in 

anoth<:r' species. A pariticulcr' ly close histological simila::' ity exists, 

ilv;J'3'✓er·, between the p:':i.mariy simplex of c. fumifez>a:na arri that of 

p. opei>aule Ua., while, to a lessa:> extent, the cuticula:> simplex of 

c. fumifera:na, A. kuhn·ielZa a:rrl P. opercr,.,(leUa although complex struct\X'es, 

ar-e also similar>. The vas deferens: se.m.ina.l vesicles arrl ejaculatcrius 

duplex of P. oparau.ZeUa sho;..1 the closest resemblance to those of 

L. orbonal-is. Of pa:'ticular' note is the lack of d:irect histological 

evi:lence of secretcry activity in the epithelial cells of these crgans 

in P. ope:rouZeUa. It seems unlikely that this was due to the techn:ique 

usa::i in p:-epat"ing the sections because sections of the ent:ire al:d.anen 
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show, f cr> example, vacuoles in the cells of the mid-gut, am a lrush 

ba'de:.' in the Malpighian tubules. The possibility thErefcre exists that 

the accesscr>y glanis p:iaiuce all of the secretion an:i the diffa:-ences 

in d if f eri ent regions ari e due to physiological changes that ocetr' with 

time. The explanation favruNri here, hO;JeVEr', is that the epithelial 

cells of these regions ar'e secretcry arrl that the secr>etion is 

liba:-ate:i as wry f:ine droplets from the sUl'.'faces of these cells, but 

the use of the electron micr>oscope is requ:ire:i to conf:irm this. 

The nale exta:inal genitalia 

Althrugh the ma.le extEI'na.l genitalia have been figur>e:l arri 

:tr iefly descr1 ibei by Povolny (1964) a mere detaile:l mcrphological 

investigation was rra::l.e of them in the p:-esent surly. This inclu:ie::i 

the use of the scanning electron micr1oscope to show the th:> ce d imen­

sional relationships between the var'ious parits. The tEI'minology used 

here is that of Povolny (1964), an:i Klots (1970). 

The 7th am aninal segment of the ma.le is the last one with a 

typical sternwn artl tEt'gum. It d.iffe:'s only from the rn<re anter>icr> ones 

in possessing a conspicuous tuft of elongatei. scales, er ccrematis, on 

ei th Et' s.id e (F igut' e 7. 4- B) . These a(' ise from the extreme post EI' io­

later>al e:lges of the seg1nent arrl reach app:-oximately 1 mm in length. 

N<r ma.lly they lie latE'L'ally alongsii e the othEr post a:' iai ahl. om:i.nal 

str>uctur:'es ·but they become exten:ie:i latErally dUl'."ing p:-ecop.ilatcry 

behaviour' when a ma.le apµ,oaches a female. (Chapta:i 8). 

The remaining tE:rgite arrl stEt'nite of segment 8 ar'e µ,aiuce:i 

into hocrl-like flaps (Figut'e 7.4- A, B) which ncrma.lly :i;roject cauially 

ard enclose the exte:inal genitalia dcrsally arr1 ventrally. They 

ar-ticulate with each other> only by nat:1row late:'al extensions, an:i 

post EI' icr ly they tape:' into thin flat plates with cucve:i er oss-sections. 

A rCM of slightly elongate:! scales ar'ises from the posterio-lateral 

e1ges of the 8th tErgite while the 8th stEt'nite is clothe:l ventrally by 

elongatErl scales. The l.at'gest of these re.a.ch apµ,oximately 0.4- mm in 

length arrl arise from the ant€!'icr region, while those poste:'icrly 

become rrogpessively shcrter (Figur1e 7 .4 B). Both ter>gite ard. ste:-nite 

ar'e move1 thr'ough apµ,oxirnately 30° to 45° dcrsally arrl ventrally 

respectively dur:>ir1g p:iecop.ilatcry behaviO.ll'.' when a ma.le app:-oaches a 

fem:3.le. Togetha:-i with the ccrenata they then fcrm a splaye:l ring of 

scales sllr'r'oillrling the central genitalia. 





Figu;re 7.4 

Scanning electroo micrographs of the male 
external genitalia of P. operau l,e i la 

The sterna are indicated by ranan rn.1.nerals and the 

terga by arabic m.11rerals. 

A. Ventro-lateral view of the genitalia 

B. Dat'So-lateral view of the genitalia. 
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The parits of the external genitalia i.nmadiately pcsteriat' to 

the 8th segrrent are the dorsal tegumm and the ventral vinculum 

(Figures 7 .4 A, B; 7 .5 A, B). These articulate laterally and form a 

transverse ring around the abdom:m within the bases of the 8th tergi.te 

and sterni te. The teguiren forms a tube which is elcngated caw.ally and 

open ventrally. At its ventral po.stericr edges it articulates with the 

anterior lateral e:iges of the gnathcs, an· oval dished area of sclerotiseq. 

cuticle with nurrerous short bristles . Nonna.lly the gnathoo lies 

rotated so that its antericr end projects ventrally but when the 

structures pooterior to the tegumm an; extended, it cares to lie 

within the posterior pa.rt of the tegum:m, with its anterior end 

cephalad. DClr'Sally the teguman ends bluntly and articulates with tm 

flattened triangular uncus . Also arising from the caudal margin of the 

tegurren but ventral to the uncus are a pair of soft rounded soci?-. •• 

densely covered with short bristles. These join together ventrally and 

the tuba anus opens posteriorly between them and the uncus. The uncus 

is normally flexed ventrally to lie parallel with the gnathoo but it 

can be extended to project pcsteriorly from the tegumen. 

Externally, the vinculum is a thin sclerotised band which 

runs from one side of the anterio-lateral end of the tegumen to the 

other in a "V". ·rnternally, it is produced into a wide flattened 

inva.gination, the saccus, which has the s~ "V" crcEs section as the 

rest of the vinculum but runs cephalad and ends bluntly. The 

vinculum is joined posteriorly by the valvae along its entire edge. 

These fuse verttraJ.ly but are divided into two dorsal ams, me en 

either side, which form the functional claspers. The dorsal arnB have 

rrean lengths of 1.20 nm (Table 7 .1) and tricy articulate with the base of 

the valvae arid the anterio-ventral tip:3 of the tegtmen before extending 

caudad as long thin tubular ams. They expand a.t their pcsteriar tips 

and turn rredially and slightly dorsally ta-1.:ll'.'ds the mcus. 

Thr.3 base of each val va is represented only by the sacculus, 

all the otrnr regions having been lost (Figure 7 .s A, B). Each 

sacculus is, hcwever, divided posteriorly into dorsal and ventral lobes. 

These are priovided with nunErous short bristles and their poster-ior 

edges d.Ir'Ve iredi"tuly and are serrated into a series of short wide teeth. 

Ventrally, the sacculi are alm:st separated by a deep cleft between 

them but they fuse anteriorly to this. 
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Figure 7 .5 

The external genitalia of the male 
P. operau le Z Za 

A. The separate canpcnents. 

B. A whole molll1t after maceration. 
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'Ihe erd of the ahlan.en, between the tegumen ard the valva.e, is 

seale:l off by the d iaprragma ferme:i of th:in cuticle (Figur'e 7. 4 A, B) . 

This also exterrls dersally between the ventrial e:ige of the tegumen to 

the ante:> ier a:l ges of· the gnathos. The penis p'.' oj ects poster icr ly 

tlrough the centre of the diap!Ta.grra, between the sacculi: it is a long 

thin tubular' scleri i te with a mean length of 1. 2 7 rran ani a w:id th of 

0.072 mm (Table 7.1). Ante::>icrly it p:1ojects into the atrlarnen an:i erds 

with a slight swelling, the caecum penis. Poste::>icrly, it errls with a 

roun:le:i flap on the left s:ide arrl a heavily scle:>ctise:i shcrt spine which 

curves dcrsally on the right s:ide. The penis is also cwve:i sci both errls 

ere dcrsal to the mi:ldle region. It is joine:i aboo.t a th.L.-ncl of its length 

from the anter>icr en:i by the diaplragwa which runs poste::>icrly a shert 

distance close to the penis as the rnanica an:l then foJds back an itself 

as a cone-shape:i anell us bef cr e joining the rest of the d iaprr agma 

(Figure 7.5 A). Tnis allows the penis to sl±ie anterio-poste:>icrly to 

some extent. 

'Ihe cuticular' s:implex of the ejaculatcry duct ente:>s the penis 

trrough a dersal feramen an the c.:ae 0.::ur.1 penis. HowevEr', befcre it entEr's, 

it is SU"rourrlej fer a shert distance by a double walle:l tubulcr sleeve 

of thin cuticle arising from the ejges of the fcramen as a.Jrea:iy 

describe:i in the µ,evious section. Within the penis, the cutirulcr 

simplex joins the erdophallus cr vesica which runs as a striaight tube of 

th.in cuticle arrl opens at the poste::- icr (;:rd of the penis. Sections of 

the penis (Figurie 7. 3 H) reveal that a scla:' ctise:i ba'.' runs anteri io­

postEr' ier ly within the postEr' icr wall of the erd ophallus an:l this SEr' ves 

fer the attachment of rn.unEr' ous muscle f ilr es that run ant Er' icr ly fr, cm 

it ani inse:>t on the inta:-nal SU"face of the ~cur.:1 penis. This suggests 

that the errl ophall 1.E rray become evEr' tErl out of the penis to sane extent 

ard that these rruscles then witlrlraw it again, but no ev:idence of this 

was fourd by examining SEr'ial sections of copulating moths. 

The male exte:'nal genitalia arie of gr,ea.t taxoncmic impcrtance; 

-che d etaile:i shape of the par>ts serving fer :identifying the species arrl 

the gener-al shape of some of them ser-ving to distinguish the genus. 'Ihe 

latter aspect has been dealt with by Povolny (1964) who states that the 

rna.cr'oscopically visible ccrerrata alone shar'ply define the genus 

Phthor-imaea from the remaining Gnerimoschemini while the oval shapm 

gra.thos also nakes it distinct. This auther also notes that the long 

pouch ferme:i by the 8th te=>gite an:i ster-nite is mere strongly developErl 
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th211 in the ot11er genera, wl'i.ile t:.1e shape of the aedeag--us, and the looed 

processes of t11e sacculus clearly denonstrate its L--iclusion. :in the 
r, • . • • 
Jnor1..rn.os c.ner.11.ru .• 

The fenale :internal reproductive organs 

The female internal repro:iuctive system of P. oper-culeUa has 

not been described elsewhere, althoug1 those of one other gelechiid, 

,'Jitotroga cereaZeUa Oliver, have (Joubert 1964a, 1964b). TI1ere is, 

ho..rever, a fairly extensive literature on these organs in O'ti1er 

Iepidoptera. ',Villiams (1947) described and compared those of a number 

of Tineoidea, while Eidmann (1929) ~ and '.Jeidner (1934) treated a variety 

of species from a total of 9 fa'nilies of Lepidoptera. retailed 

descriptions also include those of PZodia and Anagastia kuhnieUa 

(Zeller) (Norris, 1932), Zyyaena (He-..,cr 1932), HeZiothis zea (Boddie) 

(callai.~an, 1958), Pseud.aZetia un.ipuncta (Haw.) and Per{droma margaI'itosa 

Ua11.) (Callahan and Chapin, 1960), CoZias phiZodioe eurythene (Boisduval) 

(Stern and Smith, 1960), Leuainodes orbonaZis Guen. (Srivastava, 1960a), 

Pe ctinophora gos sypie Ua Saunders (Wellso and AdY-.isson :1 19 62) , and 

Choristoneura fwnifera:na (Clemens) (Outram, 1971). Sor;-e histology is 

available for the internal reproductive organs of the female of 

?orthetria dispar L. (Behrenz, 1952), L. orbonaZis (Srivastava, 

1960a), and H. zea (Callahan and Cascio, 1963) ~ while good histological 

descriptions have been given for th.ose of A. kulznieUa (Musgrave, 1937) 

and C. fwniferana (Outram, 1971a). 

The female internal reproductive system is typically ditrysian 

( Irnms , 19 60, Klots , 19 70; Common, 19 7 3) having two separate openings, 

the ostium oviductus situated on t1.e ovipositor and the ostiurn bursa 

situated ventrally an seg;nent 8. 'Ihese serve for egg laying and for 

copulation respectively. 

The internal reproductive organs of P. oper-eu.Ze7,,la (Figu:ro 

7.SA,B) consist of paired ovaries, paired lateral oviducts~ r.-edian oviduct, 

vagina, spermatheca and associated gland~ two acceosory glands each with a 

reservoir, bursa copulatl.1ix, and a ductus semnalis with a bulla 

seminalis. 

'ihe ovaries lie within the 2nd to 6t'1 obdoLu.nal segioonts. 

'Ihey are folded back on ti"le!IBelves dorsally about midway to two thirds 

along their lengths so that t.11eir distal ends rlll1 anteriorly. Occasionally 

the ends are folded a second tine to run pooteriorly. Each ovary consists 
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Figure 7 .6 

The internal reprcx:iuctive organs of the 
f ema.le P. operau Ze Z. Z.a 

A. Ventral view after exusian fran the female. 

B. The organs after complete dissectiC11. 
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of 4 polytrophic ovar-ioles which a"le fer the most pert sepat>ate:l from 

ea.ch other, althrugh they ar:'e ba.uu together> by a corranon connective 

tissue sheath at the:ir distal erds. The:>e is no tErminal filament, the 

ovar:'ioles simply erding at the:ir ga:irrill"'ia which lie free in the 

ab:ianinal cavity. Gena:ially the ovar:'ioles of each ovary do not eni at 

irecisely the same point,bi..i:!= $cme ta:1minate slightly befcre the other-s 

so that the:ir en:i s became somewhat staggff' e:l • 

Most of the rema.irdai of each ovar1iole constitutes the 

vitellarium which connects by a sha>t p<rticol to the lataial ov±iuct. 

Within a vitellar'ium the developing ova can be seen gpa:l.ually 

inO'.'easing in size as they move da-m the ova>iole. The roost distal a>e 

not at fjrst appat:'ent but by about a quar-te:' of the way dCM.n they can 

just be discaine:l. as slightly dense:' white regions within the ir'ans­

lucent white of the OVar'ioles. 'TI1e ma>e ma:b.re ova acqu:ire an opcilue 

white cola.Ir' artl cause the walls of the ovariioles to bulge cutwaro. It 

is possible to see from 5 to 20 ova artl nuttre eggs in each ovar'iole 

rut when an ovar:i iole is full with eggs, the pro. icel also beccmes f ille:i 

with thCic1 and then it is imJ)OSSilf.J..e to distinguish visually 

whE.r' e the perl icel eni s an:l the vi tellat:' ium begins. Typically, though, 

the pe:i icel is a sha> t thin ir'anslucent white tube (Figur:i e 7. 6 A). 

The ovar:' ioles range fr om 2. 5 to 7. 2 mm in total length. 

At the:ir distal tE.r'minations the ovcry has a w:idth of between 0.03 .mm 

anl O .08 nun but the maximum d iameteri r eache:i by any one ovar:i iole ranges 

from O. 25 to O .38 mm depeniing on the de§'."'ee of rna:tur•ity of the last 

cwum within it (Table 7. 3). The peJ.icel var1ies in w:idth fran 0.075 

to 0.113 mm arrl the la:>gest of these dimensions is only attainm when 

it is fillai with ma:tur•e eggs which have became crientatm with the:ir 

long a.xeu at right angles to the walls of the pe:iicel (Figur>e 7 .6 B). 

The gE.r'mar:' ium of each ovar:i iole is a small tube-like sac 

consisting of a thin wall of connective tissue which encloses loosely 

packe:i wuiffa:ientiatei c:Pgonia ani occasional small intEt"stitial cells 

(Figur,e 7. 7 A). These int~stitia.l cells have relatively sma.11 • 

nuclei that stain dar:iker than those of the a:,gonia arrl which prcb<\bly 

become the follicular> epithelial cells (Bonhag, 1958). Both types of 

cell pass down the ovar-iole am. begin to diff~entiate an:i fcrm gr,oops 

when they ar'e about 0.01 mm from the distal erd of the ovar-iole. Ea.ch 

grcup consists of an oocyte with eosinophilic cytoplasm, 5 

nutritive cells a:> trophocytes with basophilic cytoplasm an:i , sUCTourrl ing 
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Dimensions of the female inter-nal re:p:-cductive 
crgans of Phthorwzaea operculeLZa. 
Measurements taken fran 10 females. 
All measurements in ran. 

MEAN S.D. 

Ovary 
Ter-minal filament whlth 0.047 0.016 
Ovariole ccrnplete length 4.430 1.653 

max. width 0.350 0.050 
Number of eggs in 
ovary (aver-age of both) 9.30 4.18 
Pedicel width 0.088 0.014 

Lata:-al oviduct length 0.400 0.142 
width 0.239 0.081 

Me:lian 0viduct length 0.972 0.133 
( to junction with ductus 

seminis) width 0.109 0.028 

Vagina (from juncticn with 
ductus seminis to ostium length 2.044 0.433 
oviductus) width 0.128 0.028 

Accesscry glan::l length 1.738 0.312 
w.idth 0.053 0.010 

A ccesscry glarrl reservoir length 0.475 0.125 
width 0.179 0.079 

Accesscry glarrl duct length 0.478 0.135 
w.idth 0.036 0.013 

Sperima:thecal glan:l ( to length 1. 728 0.425 
cans tr iction) width 0.072 0.018 

S per-rnatheca length fran constriction 0.288 0.078 
max. w.idth 0.163 0.040 

Sper-matheca duct from 
sperrnatheca to scleratise:l length 1.125 0.311 
par-t of duct w.idth 0.038 0.010 

Scler-atise:l p::irt of 
sperrnathecal duct to length 0.553 0.083 
vagina max. w.idth 0.099 0.010 

min. w.idth 0.027 0.006 

Ductus seminalis length 1.125 0.195 
min. width 0.038 0.009 

max. width ( bulla seminalis) 0.108 0.029 

Ccrp.is bllt'sa max. w.idth 0.488 0.077 
length to scler-atised part of 
ductus bUI:'sa 1. 203 0.209 
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RANGE 
max. min. 

0.075 0.030 
7.2 2.5 
0.375 0.225 

20 5 
0.113 0.075 

0.625 0.125 
0.375 0.175 
1.188 0.813 

0.175 0.075 

2.813 1.500 
0.175 0.075 

2.25 1.19 
0.063 0.045 
0.775 0.325 
0.325 0.100 
0.750 0.250 
0.050 0.020 

2.41 0.94 
0.100 0.050 
0.450 0.200 
0.225 0.100 

1.75 0.88 
0.063 0.025 

0.700 0.475 
0.113 0.075 
0.038 0.020 

0.38 0.75 
0.050 0.025 
0.179 0.075 

0.563 0.344 

1.56 0.94 





Figure 7.7 

Histology of the ovaries and oviducts of 
P. operou le l la 

A. Oblique section through the germariwn passing through 

different regions of the four ovarioles. These are 

indicated in order from anterior to posterior by the 

nurrerals 1 to 4 . 

B. Longitudinal section through the vitellarium. Note the 

material passing fran the tro:p1ocytes into the ovum to 

the right. 

C. lateral oviduct. (T.S.) 

D. Median oviduct. (L.S.) 
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all of these, µ> ef olliculari cells still with small dari ker staining 

nucJ ei arrl eosinophilic cytoplasm. The connective tissue walls of the 

ge:'mat:' lllIIl also fo]d inwacds to act as a suppcrting memlrane fer the 

µ'efolliculaC' cells (Figur1e 7. 7 A). 

The gpoups of cells gpow in size ard pass into the vitellar'ium 

sheath which CU1tains l\ fc.w CD.'"'cu.l.c.!r !llUScle fibr.es and is ua;.tinuOUS with 

that enclosing the gE:rrnarium. HCMever, the outa:> connective tissue 

sheath which Slil'.To..mis the distal errl. of the ovary is lost 

Within the vitellarium (Figt.lr'e 7. 7 B) the trophocytes ard their> 

oocytes continue to grow in size. The trophocytes become :irregulat' ly 

shape::l, the.ir nuclei enJ.ar>ge arrl also become jrregulat' in shape but 

thejr cytoplasm retains its basophilic natur;ie ard stains evenly. The 

oocyt·) stays ovo:id in shape, yolk droplets become visible within it, a 

vitelline mer:ilrane fa'.'ms as a thin unifermly eosinophilic layer next to 

the follicular' epithelium, an:i its nucleus enJ.ar> ges ani contain:. 

r eJatively lar:' ge nucleolus-like ba.i ies. The nucleus is no.1 termei a 

gEt'minal vesicle (Bonhag, 1958) ard is situate:l close by the vitelline 

mernl:ran.e a.boot halfway along the ova. The folliruJ.ar> cells rrultiply, 

f!PCM arourtl the group of tr>ophocytes ard the oocyte,, an! aellu:i:I>e a 

distinct basement memlran.e. They also gr CM as a flat plate between the 

oocyte an:i its tr>ophocytes but a centr>al hole is left fer canmunicatian 

between the two. '11rough this hole an evenly basophilic substance 

appeat'S to flCM frcm the tr>ophocytes into the ovum wher>e it eventually 

rreaks up into small gpanules ard looses its basophilic µ'Opet'ty 

(Figur:'e 7. 7 B). 

The cytoplasm of the follicular:' cells becanes basophilic in 

the vitellat'ium ard these cells at fir'st both multiply ard gt'CM to 

enclose the expani ing cells beneath them. Hcweva-i , they only reach a 

ma.xinurn size of aboot 12. 5 µ high ard 17. 5 _µ w±:i e. When the oocyte 

reaches app:' oximately 200 u in diameter the follicular' cells appa:, ently 

stop d iv:id ing arrl becane graiually flattene:l oo.t as the oocyte continues 

to gpa,,1. By this stage the tr>o:phocytes which have p:-eviously sta:-te:i 

degenet'ating arie rep:-esente:l by· a srrall basophilic mass at the anta:>icr 

errl of each ovum. 'These eventually degenerate canpletely, the folliculat:' 

epithelium secri etes a str>uctur;, eless chcr ion a:' am:i the oocytes ard then 

becomes continuous with the walls of the pe:licel •. Het'e the epithelium 

is mostly about 3 µ in thickness reaching up to 7. 5.).l whaie nuclei bulge 

outward . The cytoplasm of these cells is still densely basophilic. 
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S\Jriro..miing the epithelium of the pe:licel is a connective tissue sheath 

with occasional c:ircular'ly erientate:l JIR.lscles which is continuous with 

the sheath aroon:i the vi tell.a:' iura. 

The lateraZ oviducts 

The late:ial ovilucts a:>e usually sanewhat flattene:l tubes of 

a translucent white colour:', but they can contain eggs when the ova:>ies 

are full. They va:iy in length from 0.13 to 0.63 mn,arrl in w:idth .fran 

0.18 to 0.38 mm (Table 7.3). The maximum w:idth OCCl..lt"'S only when they 

ar> e d isterd e:1 wi tli eggs. 

The late:ial oviducts consist of a single laye'.' of epithelial 

cells resting on an irrlistinct basement memlrane (Figure 7. 7 C). This 

epithelium 5-s usually canplexly foJdei but langitu:iinal foJds 

p::e:laninate. The intErcellular meml:ranes ct>e also irrlistirict, the 

cytoplasm eosinophilic arrl the nuclei roon:iai er distertcr.l whe:ie the 

epithelium is foJde::l. WhEt"e the cells at"e flat they vary :fran 2 to 

7 ,u in thickness . 
' 

SlJl:"'1:' ourrl ing the epithelial layEt" is a well d evelope:i la ye:' of 

c:irculaC' er ob]jque muscle. Langitui:L"'lal muscle is not appar'ent in 

P. operau Ze i la , but it occurs Spa!' sely in C. fumi f erana (Clemens) 

(Outram, 197:Ja)» arrl A. ku}mieUa (Zelle:') (Musg'ave, 1937). 

Outram (197k) descriibes the epithelium of the latEt"al ov:iducts 

of c. fW'Tliferana as being composa:l of la-J colllllll1ct' cells with irrlistinct 

walls an:1 no lining of cuticle. Musg:1ave (1937) describes these cells 

in A. kuhnie 7., la as colwnna:' but he is lll1Ce:' tain as to whethe:i er not 

tha:>e is a ve:iy thin l:L--iing of cuticle. &>ivastava. (1960a), howeve:', 

note:l an irrlistinct lining of cuticle in these crgans in L. Ol'bonaUs. 

The median oviduct and vagina 

In P. operouZella, the me:lian ov:iduct anl vagina fcrm a 

continuous tube which resembles the late'.'al ov.hl.ucts in appect"ance, 

being flattene:1 ard translucent white. The me:lian ov.i:luct me:'ges 

impa:> ceptibly with the vagina an:i the:> e is no infurrl ibulum separating 

them as ocCl..lt"'s in sane othEt' Lepiiopte:-a (Klots, 1970). Tha;,efere, the 

tErm meiian oviiuct is used ha:ie to refEr to that par>t of the duct 

ante:> ier to the junction with the d uctus seminis arrl the tet"m vagina 

to the postErier par>t. Klots (1970) notes, hcweva:', that same 

taxonomists refa:> to the entFe duct as the aviiuct er oviiuctus. The 
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me:l. ian ov:iduct Veit' ies in length fr an O .81 to 1.19 mm, ard the vagina 

fran 1.50 to 2.81 nm (Table 7.3). Both voC'y in wiith £ban 0.08 to 

0.18 rrm althoogh on the avErage the vagina is the slightly w:ide::' 

(Table 7 .3). AntEricrly the vagina also bulges slightly both dcrsally 

ani ventrally whEre it is joine:i by the Spa:'rratheca arrl accesscry glards 

respectively. 

The me:i ian oviiuct ani vagina are VEI"'Y similar histologically 

{Figur,e 7. 7 D). Both clt'e lina:i inte:>nally by a thin layEr of cuticle 

less than O. 2 5 ).l t11ick arrl. the epithelial layEr lying on this is 

s:imilclt' in all respects to that of the me:iian ov:iduct. SUCTourding 

both ducts is a layEr of longitu:iinal muscle filres enclose::l within a 

layEr of circular muscle. 

The a:Tangement of canmon ov:iduct arrl vagina in P. ope:rouwlla 

is similar to that descr' ibei in L. orbonalis a'li C. fwniferana by 

9:-ivastava {1960a), ani Quiram (1971.::Jrespectively. In these insects 

the rectum is also se:p3t'ate frora the vagina arrl both this ard. the 

corrmon ov:iduct are lina:i with cuticle. In L. orbona'lis, the canmon 

ov:iduct has an inna:1 layer> of longitu:iinal nuscle ard an outa:' layer of 

circular rnuscle. 'Ihe::;~ also extern. . OVEr' the vagina but he:ie they ere 

surToorrla:i by an a:iditional outEr' layEr' of longitu:i:i.nal muscle 

(&, ivastave, 1960a). In c. fwnifera:na the columnar> epithelial cells 

lining these er gans have ird istinct intErcellula> walls ard ere 

surrroordei by a laya:> of c:i:rcula:' muscle inta:>spa:'sed with a few 

longitu:iinal filres. These crgans ct"e histologically s:i.rnilar:i to the 

latEral ovi:lucts except that t11e muscle laye:> is thicka:> (Quiram, 1971a). 

In conirast, A. kuhnieUa has a vestibu1Ui1l mtj its vagina fuses with 

the rectum which run togetha:> as a camion tube to the errl of the 

ovipositcr (Musgrave, 1937). This ctTangement is, hc:MevEr, often frurr:l 

in Lepi:loptEt'a {Klots, 1970). Musgiave {1937) is also uncErtain whethEr 

the corrmon ov:iduct of A. kuhniella has a cuticulcr lining, but he notes 

that it is "siraggly" in the vestibulum an:i well develope:i in the vagina. 

He describes occasional intEr'cellulac' bourrl.cries i.n the epithelial cells 

of the corrmon ov:iduct arrl vestibulum, an irrlistinct basement memlrane 

in the vestibulum, ani a definite ard regula:' hypaiErmis ir1 the 

poster' iai region of the vagina. 'Ihe corrmon ovi:l uct is f igur' e::l by him 

as being swr ourrl. ed by a layEr of c:ir cular muscles with occasional 

longitu:l.inal filres running tlrough it. He also desa>ibQS the 

vestibulum ani UpPfr pat't of the vagina as being surrounioo by a thick 



laya:i of c:ircular1 ani longitu:l:i.na.l muscula:b.re, which gpaiually 

d isappeari poster> icr ly. 

The a,ooessory glands 
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The access,:riy glan:is of P.. opet"au.lella arie long thin 

translucent white crgans which coil about within the 7th arrl 8th 

ahlominal se~ents. They range in length fran 1. 29 to 2. 25 rm1 ard 

have a mean 1iameter> of about O .05 lffil (Table 7 .3). Posteri,:rily, ea.ch 

narrcws slightly arrl er.o.pti8s into a resa:'vo:ir which in tln:'n carmunicates 

with the vagina by a sh<rt thin duct. Howeve.:>, both resa:'vo:ir ducts 

fus.; :imne:l iately befa:>e joining the vagina so they sl-ia:>e a common 

opening. The resa:'vo:irs a."Ii their ducts ar-e canpletely transparient ani 

ar>e difficult to see except fer small circuJ..art ar-eas swroun:iing the 

openings of the access<ry glarrl s. These have a similar' colar to the 

acces'scry glarris centrally but fa:le to transpariency ariouni the:ir e:lges. 

The resa:'vo:irs var-y in size ol.eperding lar-gely on the amrunt of clear' 

secrietion they contain. Their rraximum length ranges between 0. 3 ani 

0. 8 mn, while the:h., maxi.'ID..llil w:id th ranges between 0 .1 arrl 0. 3 mm. 

The resa:'vo:ir ducts have an aver-age length of 0 .5 nm ani an average 1Jidt"'1 

of 0.04 mm (Table 7.3). 

The accesscry glarrls of P. operau.lella, together> with the:ir 

reser-vo:irs arrl. ducts resemble those of most Lep:idopter:>a whose inta:'nal 

rep:io:iuctive systems have been desCC'ibcr:l in detail. They differi, 

haveva:') from those of s. aerealella as repcrte:i by Jouber't (1964b). 

This autha:> des<ribes a single long glan:l cr "flagellwn" i-ihich is 

draine:l by a :ncrrow duct from which two reser>vo:irs er "sacculi" at'ise 

as d iver'ticul.a.e, one at the erd of the glani arrl the other' halfway 

along the duct. In aid i tion :1 the acces s<r y glan:l r esa:> vo:ir an:l duct 

system of C. fwnife:raana diffa:>s from that of P. operau"lella acccrding 

to Outram (1971.a.), He describes two long pa:irei accesscry glarrls which 

empty into a single bilobe:l res~vo:ir, ani this in urn is draine::l. by 

a single shcrt duct. 

Each access<ry glarrl of P. operaulella arrl the white ar-ea. 

su:ircun:ling its opening on the resa:>vo:ir differis histologically iron 

the rerna.inia:> of the res~vo:ir ard its duct. 

The access<ry glard.s (Figur>e 7.8 C) at1e line:i by an intirra 

app:iox:i.rna.tely O. 25 u thick. This is surTowue:l firstly by a single 

epithelial layer> which is in urn sur:>rourrle:l by a laye:' of secr'etcry 
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Figure 7 .8 

Structure of sare of tne female internal 
reproductive organs and histology of the 
accessory glands of P. operaul-eZZa 

A. A whole mount of sorre of the internal reprcxluctive 

organs. 

B. Accessory gland reservoir. (T .s.) 

C. Accessory gland. (T.S.) 
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cells resting on a baseiren't rrembranc. No r.JUScl.e. layer is visible and 

nooe occ1.lr'S in A. k hnie Ua~ ii. zea and C. fur.rZ.ferana accaro.ing to 

~1usgrave (1937), Callari.an and Cascio (1963), and Oui:Y'ain (1971a) 

respc;ctivcly. 

The epi thelic1l layer of t.1-ie acc~~ssory glands in P. 

opercu.Lella coosists of poorly defined cells 1~1ich vary in thickness 

from 1 to 4 .u. Their cytoplasm is eosinophilic and they contain flatt­

ened or irregularly shaped nuclei which stain deeply and have a 

:maxi..rrn..un diarreter of 2 to 6 J.l• Tne secretory cells surrol.mding these have 

better defined walls and var..J :L--i thickness from 7 to 11 ,u. TI1eir 

cytoplasm is also eosinophilic but contains apical vacuoles with diarreters 

of usually 3 to 5 ;.i. TI1e nuclei are rol.mded, about 5 ).l in diarreter, 

a.rid are si tua·ted close to the baserrent membrane. 

Histologically, tl-ie accessory glands of P. operauieUa 

closely resemble those of c. fwrriferana as described by Outram (1971a). 

This auti'1or observ2Cl c1l1 inner poorly defined layer of epithelial cells 

wi t.11 irregular deeply staining nuclei surrounded by a layer of tall 

glandular cells resting on a distinct baserrent rrembrane. These 

glandular ce] •.s had large round nuclei and large secretion filled 

vacuoles which Wcl'e apically situated. A similar histology of the 

accessory glands was also reported for P. dispa.P by Behrenz (1952) but 

this author in addition observed fine canals, the "Sekretkanalche", 

which pass through the inner epithelial cells or 11Kanalzelle" and 

dria.in apical vacuoles or "Birmenblaschen" in the secretory cells or 

"Drusenzelle" . 

The arrangement of two layer of cells in all these insects 

and particularly in P. di.spar suggests an organisation similar to 

t."lat described for the sperma:theca of PeripLaneta cuneriaa:na.. L. by 

Smi tri ( 19 68) , and Gupta and Smith ( 19 69) • This is treated in detail 

belo.'1 when discussing the spenna.thecal gland of P. operauiena. 

A cuticle lining of tri.e accessory glands has also been noted 

in A. kuhnie7:la by Musgrave (1937) and in P. dispa.P by Beh:renz (1952), 

but it was not irentianed by Srivastave (1960a) in L. orbonaUs, or 

by Callahan an.d Cascio (1963) in H. zea. The accessory glands are 

also compooed only of a single layer of cells in the other Lepidoptera 

investigated. In L. orbonaiis, these cells have basal vacuoles 

(Srivastava, 1960a), and in H. zea they are cuboid.al with hi~ly 

vacuolated cytoplasm and medial nuclei (Callahan and Cascio, 1963), 

while these cells have large apical vacuoles in A. kulmie Zia 
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(MJsgr,ave, 1937). 

In P. operau k Ua the areas i.ntrediately surro.mding the 

openings of the accessory glands are similar, histolog:i.cally, to them. 

Hcwever>, the rerrainder of the reser>Voirs and their ducts (Figure 7 .8 B) 

a:ro lined by an intima less than l µ thick. This is over>lain by a 

single layer of thin flat epithelial cells mcstly between 0.5 µ and l µ 

thick, which are continuous with the epithelial layer of the accessory 

glands and rest cn a baseirent mambrane. In sare parts of the reservoirs 

and mre frequently in the ducts no epithelial cells are visible at all 

and it appears as if the inti.ma farms the canplete wall. It is, __ 

ha,.,ever, pcssible that in these regioos the cells are so thin that 

they cannot be resolved at the magnificaticn available. Where epithe­

lial cells can be seen their intercellular mambranes are indistinct, 

their cytoplasm is ecsinoJililic, and their nuclei are flattened.. 

A sparse muscle layer surrounds the reservoirs and its duct 

but muscle fibres are cnly occasicnally visible in the secticns. • 

No differences were observed between the epithelial oolls 

of the accessory gland reservoirs and their ducts in newly eroorged 

and old m::>ths correspa,.ding to the differences observed by 

Outram (1970a) in c. fumifez>ana. In this insect the epithelium is thick 

and actively seet'etory in young m::>ths but the cells degenerate rapidly 

within 2 to 3 days of emergence and becane reduced to a thin synci tium­

like sheet of tissue with a few scattered vacuoles and nuclei. 

Pcssibly a similar change may occ\.Il:' in the p.ipa of P. operauZ.eZ.Za but 

this was not investigated. Degeneraticn of the cells may also explain 

their apparent nm-existence in sore regions of the reservoirs and their 

ducts of P. ope:roau Ze Z. Za. 

The epithelium of the accessory gland reservoirs in 

L. orbonaUa is also forms:l by very flat cells 'Which are not clearly 

distinguishable, but the walls of the ducts are canpcsed of praninent 

cells surrounded by inner and outer longi.tw.inal rruscle with a ciJ:,cular 

layer between them (Srivastava, 1960a). In H. zea sana of the cells 

of the reservoirs resemble thooe of the accessory glands with highly 

vacuolated cytoplasm but they becone la,.,·and disappear altogether in 
the centre porticn of the reservoirs . They then ccnsist of a cuticular 

"pectinate" :membrane SUl:'rounded by a single layer of circular muscle 

(Callahan and cascio, 1963). In A. kuhnieUa, M.lsgrave (1937) 

describes the wall of each reservoir and its duct as "ext:relrely 
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difficult to distinguisn 11 ~'1.d i:t 11apparP..ntly consists of a baser.-c.'1t 

irernbrane upon whi.D1 lie scattercc: ;-;pi thelial cells". 

c permc.tize ca 

The sperr;,atieca of F. ope~P.u"leUa., its distal glaT'ld:, and 

~ox:i.mal.· due-!- fo,.,,, __ ,_ c"' -.-v,la-ti·vely c,...,-cn1,..,,v ~-h-n,ctur"Y"la =>c s'··r..m .;.,., r- ~ ._ , ,.._ ._ '-" _ - -...~t.i. '""~ O 1..1. v. ~ ,c;. u..c., , , l...,.: • ..w l 

Figure 7. 8 A. 

J.~-ic s:p=r1L1a.t1ccu.l gland is generally a sirrlple strai~t tube 

but soretires it branc1.es once near itG distal end as s110.m in 

Figure 7.6 13. D8tailed records of the proportion of not~s with 

:.Jrancn:Lng spern,at1ecal glands were not kept because of the difficult-] 

involved in dissecti."'l.g out t.'.1e orgari to ci1ecl<: if it was strai21,'1t or not. 

Ho.,.;ever, 3 of t1.c lO females carefully dissected to obtain the :reaslll:"B­

rrents given L1 ri'able 7. 3 had uranched glands. 

The spermati"1ecal gland coils around within the 7t11 and 8th 

abdominal segrrents usually t0t1ards the left side of the female. It 

is translucent white in colour, being similar to most of the other organs, 

and it varies in length fror1. 0. 9 to 2. 4 rnm and :in width from 0. 05 to 

0.10 mm (Table 7.3). Ho.-.1ever, immediately before it joins the 

spermat"'-leca it cons-t_-ricts. 

In most Iepidoptera the spermathecal 0land is usually a 

blind tube ,Ji th appr'Ori.--:iately tmiform s:.:.des which errt.Jines among the 

other organs, a1t;10,1i;p in p~;Dche'l'ia maiifoiieZ.Z.a (Chairbers) and 

T. badiieUa (C1amoers) it is helically coiled (Williams, 1947). 

c. philodia.e eury-ti"iome., hCNJever> has a complexly bra.'1ching spernathecal 

gland (Stern and Srni:th, 19c.O). 

The histology of ti1e spennathecal gland in P, ope:r>c,">U"leUa 

resembles t'1at of -the acces:30r".f glands. It is lined by a t""un :inti.ma.,_ 

less t°":lan 0.25 ).l tnick., surrounded by t.·m concentric layers of cells, 

th•~ outer ones of Hh.ich are secn!tory and rest on a basei:ient oembrane. 

No muscle layer surrounds the gland (fig. 7 .9A). 

The cytoplasr., of bot1 layers of cells is amongst the deepest 

staining in the. alxloiie .. -ri.. It is strongly eosinophilic and also contains 

rn..urerous basop.1.ilic granules) but these are slightly more. closely 

pa.cl<:ed in the basal regions of the outer cells than ~ 1.sewhere. 

The inner epi t1i.elial 0311.s have poorly defined intercellular 

:rrernbranes <L1d are fl:"'Or.l 1 to 4)1 t:1ick. 'Ih,;!ir nuclei stain deeply 

and have slightly irregular s:i1apes wit1 naximum. diar.ooters of between 

3 and 5 µ. 'l:'1e outer SE:CD2to1y cells are largei, ·foan these~ being 
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Figure 7.9 

Histology of the spermatheca of P. operaulel"la 

A. Spermathecal gland. (T .S.) 

B. fuct of si:ermath.ecal gland. CT .S.) 

C. Anterior region of the s penna:thecal duct sha-J'ing the 

sclerotised chamber and the alternately arranged main and 

fertilization canals. (L.S.) 

D. Pooterior region of the s pennathecal duct showing a 

transverse section t'1rough the fertilization canal. The 

lumen of the main canal is to the right. ( L. S. ) 

E. Sperma:thecal diverticulum. (L.S.) 
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generally about 16 µ thick although they can vary .from 5 to 26 µ, 

Their intercellulur walls are better defined than these of 1:he 

epithelial cells although they are still sOJIBWhat obscured by fue dense 

staining cytoplasm, Often gaps are also apparent between these cells 

which are probably arti.factual. The nuclei of the secretory cells are 

rounded with diameters of 3 to 7 µ and they are situated near the 

centre of the cells Ot' slightly basally. Their chranatin is also 

gr-anular and evenly dis~ed compared to other nuclei, and this makes 

the nuclei harder to see in the cytoplasm. Apically, each of these 

cells contains a large single vacuole with a diarreter ranging fran 2 

to 8 µ and occasionally there are other smaller vacuoles elsewhere in 

the cells. 

The functicn of the si;:ermathecal gland is moot likely to 

provide an exogenous nutrient for the spermatozoa (Davey, 1965) while 

the general arrangement of the cells of the spermathecal gland and 

especially the· fact that t.11e glandular cells are separated frc:m the 

gland lurren by another inner layer of cells suggest that they may have 

a similar organisation to those described in the spermathecal bulb of 

P. ameriaana by Smith ( 19 68) and Gupta and Smith ( 19 69) . These 

author's sh&ed by electron rn:i.crcscopy that the spermathecal bulb is 

lined with cuticle surrounded by a layer of epiderrral cells and each 

of these cells is flanked an its basal surf ace by an elongated secretary 

cell. Each pair of cells WClr'ks as a unit in which the products of the 

gland cell arB afforded a channel allCMing them to pass through the 

inti.ma of the sperrna.theca. Each gland cell is furnished with an 

extracellular duct which traverses the intima and is made up of two 

distinct parts; a distal one inserted into the secretory cell and a 

proximal one encircled by the underlying epithelial cell. 

An histological structure of the spermathecal gland very 

similar to that described here for P. ope::t'cul-el,Za has been reported 

far A. kuhnieZZa by Musgr>ave (1937), P. dispa::t' by Behrenz (1952), and 

c. fumife::t'ana by Outram (1971a). In P. dispal"' the histological 

structure shavs additional similarities with that of P. amerioana 

described above since Behrenz (1952) also repOt'ts that a fine secretim 

canal is visible pmetrating each epithelial cell or ''Kanalzelle" and 

errls in a terminal vesicle Or' "Endblaschen" surrounded by secretioo 

in the apical region of the secretClr'y cells. Havever, the s~thecal 

gland of L. orbonaZie and H. zea is carrpased of only a single 
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epithelial layer (Srivastava, 1960a; Callahan and Cascio, 1963). All 

the above authors do not menticn any muscle surrounding the spermathecal 

gland. 

The sparmatheca of P. operaauZell,a consists of a short tube 

with an expanded sac-like diverticulum arising from cne side near its 

pcstei""iat" errl. The diverticulum varies in shape fiian a broad lcngit­

udinal swelling along the tube to a roun::led sac with a relatively nar'I:'00 

opening. Pcsteriat" to this the sperrnatheca generally tapers slightly 

arrl Irer'ges into the spermathecal duct but this junction is often not 

apparent. 

The spermatheca of Lepid.optera is frequently a simple tube 

which expands sanewhat. Hcwever-, a sac-like diverticulum was observed 

to arise fran it in Dendrolimus pini L. and Panolis piniperda Panz 

by Eidrnann (1929) who terned it the lagena recepta.culi. A similari 

structure was reported in Borribyx mo:t'i L. by Weidner ( 19 34) and in H. zea 

by Callahan and Cascio (1963). 

The sperrna:theca in P. operauZella is translucent white in 

colour.' except saretimes fat" its diverticulum which may be transparent 

when distended with fluid and sperm. The morphological appearance of 

the diverticulum also varies with the degr:>ee of distention: when empty 

its walls are folded and puckered but when full they are smooth. The 

total lengt.°'l of the spe.rrnatheca was difficult to ireasure because its 

pcsteriCll'.' limit was often obscure. Hcwever, its length to the pcsteriat" 

end of the diverticulum varied fran 0.20 to 0.4-5 mm. Its width 

thrc:ugh the widest point by the diverticulum was 0.23 to 0.10 mm 

and this largely depended an hav much fluid and sperm it contained 

(Table 7.3). 
The epithelial wall of the spermathecal diverticulum is flat 

or folded into gentle ridges b..lt in the ma.in tubular region it is 

thrcwn internally into numerous narrcw tr'ansverse folds which project 

10 to 15 µ into the lturen (Figure 7 .9 E). The entire spermatheca is 

tined by cuticle less than l µ thick and this is thro;,m into small 

secondary folds an the transverse folds. These secondary ones run at 

right angles to t°'le transverse folds, and are cancentr'ic with the outer 

surface of the spermatheca. The epithelial cells, themselves, lie an 

a basenient nembrane and are usually abc:ut l to 2 µ tall in the nan-

f oldecl regions. ·Hcwever, they becaoo very distorted and stretched 

inside the transverse folds since the basem.:mt JIErnbrane f ollavs the 
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outer surface of the organ and does not enter the folds. The cytoplasm 

of these cells is eosinophilic, their intercellular walls are indistinct, 

and their nuclei generally occupy pcsiticns near t.11e bases of the 

transverse folds. The sperm,a.theca is surrounded by an inner layer of 

lang:i. ttrlinal muscle fibres and an outer layer of circular mes. The 

epithelial lining of the spe:rnatheca is srrooth in H. zea (Boddie)(Calla.1lan 

and Cascio, 1963), ands. aerealeUa (Joubert, 1964b). It is slightly 

folded into trarisverse ridges in L. orbonalis (Guen. )(Srivastava, 1960a), 

f01."Iled into nunEroos villi in C. fwniferana (Cleirens)(Outram, 1971a) and 

into longitudinal folds in A. kuhnieZZa (Zeller)(Musgr-ave, 1937). Possibly 

the spermathecae of D. pini, P. piniperda, P'lodia , and B. mori are also 

similarly folded si.rice they ~ carefully figured with transverse lines 

which make them distinct from the other orzuns by Eidmann (1929), Norris 

(1932), and \'Bidner (1934) respectively. 

The muscular layers around the spermatheca in C. fumiferana 

as repar>ted by Outram (1971a) are sir.ailar to those described here for 

P. operaul,eZZa. They differ from those of A. kuhnieZZa which~ complex; 

fibres in both layers running circularly and i.7.lrning longitudinally 

(Musgrave, 1937); and in H. zea where there is me loosely connected 

layer of circular and langi.tudinal muscle (Callahan and Cascio, 1963). 

No muscle was frund in L. orbonaUs by Srivastava (1960a). 

T'ne sperrnathecal duct is morphologically divided into a number 

of regi.cns (Figures 7 .6 B, 7 .8 A). Anteriorly, it is a straigpt tube 

which becanes bent i."'1to approximately one whirl of a helix and then joins 

a thickened re£?..on. This tapers posteriorly and becares a relatively 

straight tube which is twisted into a slic;ht spiral bef~ joining a 

swelling an the vagina, terned the infundibulum by Musgrave (1937). 

Internally, at the anterior end of the t"Ji.ickened. n.?gi.an is a sclerotised 

spheroidal chamber which is compressed somewhat anterio-posteriorly. 

The helical region enters this anteriorly and to one side, but just 

before it does so its lining beccmas progressively sclerotised. Wi t."nn 

the tapering region pcsterior to the sclerotised chamber the lurren is 

just visible coiled into a helix but this internal structure will be 

described belav under the histology. 

The spermathecal duct is mostly coloured the sanE translucent 

white as the other organs, except for the sclerotised region which is 

bram. The first region, from the posterior end of the spennatheca.l 

diverticulum to the sclerotised chamber, varies frcm 0.88 to 1. 75 nnn 
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long arr!. from 0.025 to 0.063 rmn w:kl.e. 'Ihe rerrairde::' of the duct to 

its junction with the infurrlibulum on the vagina is fran 0.48 to 

O. 70 rmn long, 0 .075 to 0.113 mm in diameta- at its wiicst par-t, ard 

0 .020 to 0.038 rrnn in diametEr' at the rar:'r'OW posteriicr tube (Table 7 .3). 

In the post Er' icr region of the duct the lumen becanes 

distincly divi:le::l into two canals which intEr'camrunica.te along the:ir 

entire lengths (Figwe 7. 9 C, D). One shle of the duct, ter-me:l the 

subs:kl.uar1y fErtilization canal is line:l with thick cuticle, reaching 5 JJ. 

at its w:kl.est place. Fine eosinophilic sirarrls also irava:>se the cuticle 

hEr'e. Ova:>lying it is an epithelium of cubonal cells 5 to 11 µ t"1ick, 

with la[>ge rourde:i nuclei an:l. slightly basophilic cytoplasm. 'Ihe otha:> 

sne of the duct is ta:>ma:l the main canal. Its cellulal'.' lining is less 

well develope::l, being O .25 to O. 5 u thick, an:l. appar'ently hanogenerus. 

It beccmes foJda:l gently into one to tlree shallow longituiinal rnges. 

The epithelial cells OVE!r'lying it, in con-trast to the feritilizatian 

canal, ar'e mct'e .:irregular', an:i var1y fran 5 to 11 µ thick, have less 

distinct intErcellular1 meml:ranes ard a cytoplasm that is eosinophilic 

only. The cells of both canals rest on a conmen basement meml:rane. 

In the thickena:l tapE.t' ing I'egioo of the· spErma.thecal duct, 

post Er icr to the sc1Er otise::l ffrlamba:- , the :nain ard fa:' tilization canals 

ar1e ar1range:l into helical spFals which alte:-nate with each other­

(Figur'e 7. 8 C, D). A longitulinal section tlrcugh the cenire of the 

entFe region, th<refcre, shows altErna.ting cr>oss sections tlr'ough these , 

canals along one s.:ide ard diagonally opposite ones along the otha:' s:ide 

(Figur,e 7. 9 C) . The two ducts ar1e packa:l close together- near:' the 

scleraotise:l charnbEr but the path of each lengthens towa:'Cls the na:Tow 

region ard the main canal eventually siraightens rut• The fertilization 

canal, howevEr , r eta:ins its helical path ard continues in a lengthene:l 

sp:iral ar'ami the main canal to the infurrl iliulum. Its lumen na:Tows 

cons:ida:>ably befcre it enta-s the vagina (Figwe 7. 9 D) but it retains a 

thick ''hcrseshoe" li.11.:ing of cuticle along its entFe length ova:ilain by 

a mere er less regulal:' cubo:idal epithelium. The main canal remains as 

a wne canal with slightly foJde:i inta'.'nal walls line:i with a thin intima 

until it reaches the infurrl iliulum. 

Sur:Ta.urling the entFe structl..Jr:>e in the thick tapa:>ing region 

is an inn€!' layEr of c:ircul.ar> ITn.1scles ard an oute'.' layEr of longituiinal 

ones. These longituiinal ones becane recrganise:l in the postEri<r region 

ard run c:1rcula:>ly, combining with the innEr' lay<r to fa-im a thick 
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complex ci:.ccular S."-.aat..L 5 to 10 µ triick. 

In tie :infun<.!i.bulun tl1-Ll fmYJ:i..lization cmal lx1cor-.e3 s;JallG:t' 

a11d opens ,:iut ix~f 01,~ f in<llly lc:xd.,.'1[: its distinction wi tl1 tl Le ot1c:1~ cells, 

The lurrer1 of t:nc L-:.:.rin canal) l1O>10ver, continue::; tff1d-i1;ri.nisl1c<l i..'1to u1c1t 

of the vagina. All the cells ~ecoD2 very ~d1i11 a--i.d tall 2nd the >1"i1ole 

epithelial layer varies fron 7 to 35 u thic.l:. !\B ·in the vagina a.'1d 

sr:em.athecal duct t1eir apical surfaces dXB cover>c ... ->d by int:L'::'ia 2nd they 

rest an a lJas~rrcnt :w..mbrane. 'fheir cytoplasn is cosinop1ilic and t'l-ieir 

nuclei a.IY~ apically situated. TI1c epit11cli1.m is :JurJ."Ounded by a layer 

of cir·c..1lar auscle ·,t,:id1 joins t.1ose of the va.g:in2. end £9'.'ildually 

beconv2s reoreartlsed into t1uir orie:....Ltations, 

'I'he sp .. ;J:-'Eia.t12cu.l duct of P. ope1~auleUa 1-ies8r.10les fairly 

clooely t1at of Operophther>ci brunata L. reported by ~Jeid11er (1931+), 

an,~ S. ae1'ea ie Ua dcscrior.:;d by Joubert ( 19 Gl.J.b) • Otiiel' L~pidoptero in 

which it is helically coiled, but not in tnc same r:1.anner as P. 

ope:r:aauleUa, include A. kuimiella(Z,~ller) O1usrri:,,ave 1937)~ m 

badiiez:la, T. mali/'ol·ieZla and LithoaoUetis fitaheUa Clemans 

(';Jilliarrs, 194 7), L. o;t1bon.aU.n (Guen) (Srivastava, 1960a), 

C. phi lodi oe ev..ry thene ( Boisduv al) ( Stern a.11d Smi t.'1, 19 60) , and 

H, zea (Bcxldic) ( 2allal1an and Cascio, 1963). llistolog:i.cally j tl-ie 

anterior part of the s:perrL1atih;Cal duct of P. operauleUa is very 

similar to tiat of C. fw.iife1°ciha as described by Outrara ( 1971a), 

while the remainder of it with spirally interb1ined main and 

fertilization canals rus8L:ul.e:.:; those of A. kuJinie Z.Za, H. zea, and 

c. fwniferco.a as described by Vius[?'.'2.Ve (1937), Ca.ll,ahan and Cascio (1963), 

and Outrar.1 (1971a) l'cspectively. A sclerotised c:1ar:1ber also exists 

in A. k.uhnie 7,, la, but is absent in the other wpidoptcra ~ntioned. 

above. 

The ductu.s semfoal.is and Bulla serrlnaUs 

TiK! semincl duct connects the v::.-,stibulum of the bur'Sa 

copulatrix to tlG va%a, .:md J.ike rn.oot of t~e other organs it is 

translucent -;s1hi.te in colour. It vari8S in total len[~l f~ o. 75 to 

1. 38 n:m and shews a consistent variation in width alon,c its lenv:n. 

Tne first half of it, .fror.1 the bursa copulatrix is narra-1, ran!P-Tlr; 

between O. 02 5 mm and O. 05 rrnn in diameter, the~ri it expands :into a broad 

tulx~ reaching be"Lwcen O. 0 7 5 mra and O. 179 nn in Lk"1Xll.!11..ln dimneter 

(Table 7. 3) to fon:1 <l bullu. seuinalis. 'Ihis constricts again before 

it joins the vasina. 
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The entit.-- e sem:L--ial duct is line::l by a thin cuticula:> intima 

less than 0.25 ,u in thickness. This is smoot11 except fer a na:1ra..1 bard. 

WhEr'e it is :i;raduce::l into fine scle:>otise::l l:ristles. These run along one 

s:ide in the m:iddle of the duct exten::ling ovEr' abcut a qucrte;, of its 

total length am. running pct1t way into the bulla seminalis (Figur,e 7 .8 A). 

The lristles vct1y fran 7 .5 to 14 _u in length ard lie close to the walls 

of the duct, pointing tCMc:rd. s the opening to the vagina. 

The epithelium of the narir CM region is tlr a,,n :into lari ge 

longituiinal foJds (Figur-e 7.10 B). It consists of a single layEr of 

pocr ly d efine::l cells between 1 ).l arrl 3 JJ. thick, with slightly .irregula- ly 

shape:i nuclei an:l eosinophilic cytoplasm. Sllt'.'rrun:i:ing this is a thick 

la.ya:> of closely packe:i rruscle filr-es which make obsa:'vation of the 

basement memlrane on which the epithelial cells rest diffirult. 

Irrliv.:idual fili-es also a::>e diffirult to dist:inguish hut 'the:' appear tc be 

c:ir culat' ly a...., ientate:i . 

The epit"f-ieliurn of the bulla seminalis resembles that :in the 

:rrernain:ia:> of the seminal duct (Figui:.,e 7 .10 A). When empty it is also 

tlra,,n into longituiinal foJds, but when disterriw the cells ere between 

1 u dJld Su tn::.c:-~. The:ir intEr'celluJ..ar> walls a:>e mere dist:inct than those 
• ·' ,· 
of the nar:T CM region 

The ductu.s seminalis ard bulla seminalis of P. oparoulel-Za 

ct'e va:>y s:i.mila:i to those of o. brumata as repcrte::l by We:idnEr (1934), 

arrl H. zea as descri:i.be:i by Callahan (1958). fl:>9:1.uently, ha..1evEr, in 

Lep:idoptEra the bulla semina.lis at:'ises as a divErticulwn er sac-like 

structul:'e from the ductus seminalis ard. the cuticular> lin:ing of both 

crigans at:'e often :i;rov.hl.e:i with varicus sclEr'otise:i spines er plates 

(Klots, 1970). In H. zea the epitheliwn of the ductus semina.lis is 

degernrate ard. 1, er S bards of c:irculct1 muscle Sllr'rourrl it 

(Callahan an:l Cascio, 1963) while c:irculcr muscle only is descr:i.be:i by 

Sr>ivastava (196Qa) as sl.lr'rourding that of L. orbonalis. Musg:-ave (1937), 

ha..JeVEr', repcrts that its rrusculatul:'e in .4. kuhnielZa is canplex. Wh.Er'e 

it is attache:l to the btrsa cop..ilai:rix it is canposa:l at first of 

scattEre:i longituiinal filres but these entirely disappecr ard. c:ircular 

IIU.lscles reappea:> just befcre the duct moves fran the blll'.'sa cop..ilai:rix. 

This then gpa:iually assumes the fcrim of the layEr' sl.lt'r'run:i:ing the bulla 

seminalis, being composw of both c:ir culat:' arrl longi t:u:i inal f ilr es. 

Occasionally, in the i;resent sttrly, an egg was obsa:'ve:i :in the 

bulla seminalis of P. operaul-el,la. This has also been recaue:i as 
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Figure 7.10 

Histology of the bursa copulatrix and ductus 
seminalis of P. operau.ieiia 

A. Bulla seminalis. (Oblique section.) 

B. Na.rra-1 region of ductus seminalis. (T. S. ) 

C. Anterior region of bursa copulatrix. (Oblique section.) 

D. A long:i tud.inal section of the bursa copulatrix ll1 the region 

of the signum bursae. 
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vccurring in Hydrocompa nymphaeata L. by Stitz (1902). 

author only observed it in one specirren and considered it 

accidental. Probably this is also the case in P. opercul,eUa. 

Norris (1932) observed several cases of one or two eggs being 

present in the bulla seminalis of both PZodia and Ephes tia, 

but also found an e~ in the vestibulum of most speciimns killed 
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during oviposit:i.an. Their cephalic pc.,.Les were pressed against the 

entrance of the ductus seninalis and he thereforB considered that fertil-

izatian took place there. Joubert (1964b, 1969) usually found at least 

one egg and saretirnes up to 4 or 5 in the bulla serninalis of 

s. cerealeUa, Cad.ra cai .. rteUa Walker, PZodia interpunateUa CH0>ner) 

and A. kuhnieZZa. Fe also reported that sperm was only 

exceptionally found in the sperma.thecae of these insects and concluded 

that the bulla semi.nails of each plays a primary role in the process 

of fertilization. 

The bursa aopuZatrix 

Tne bul'.'Sa copulatrix or corpus bursae of P. opereuLeUa 

Figures 7 ,6 A,B; 7 .8 A) is a large sao-li.ke and pear shaped structure 

which tapers posteriorly to a vestibulum and then joins the anterior end 

of the ductus bursae. Its size varies largely on the number of spenna.­

tophores it contains but its length, from the end of the ductus bursae, 

ranges from O. 9 4 to 1. 5 6 rrnn and its maximum width from O. 34 to 

O~Sf?_ mm (Table 7. 3). Ventrally the wall of the vestibulum is sclerotised 

into a.shield shaped plate and the ductus seminalis enters the vestibulum 

dorsally and often tcwards the left hand side. About one third of the 

way alone the bursa copulatrix from the ductus bursae a tooth-shaped 

signum or sisnum bursae arises as a sclerotised invaeinatim of its wall 

(Figures 7 .6 A, B~ 7 .8 A; 7 .11). 'TI1is project'a inwards and caudad aud 

has a circular cross section. It vari.es in lenzth from 80 to 100 .u 
and in diamo!ter from 18 to 25 .u. Two short sclerotised ams run from 

opposite sides out of the base of the siznum in the wall of the bursa 

copulatrix and curve outward at their tips. 

TI1e bursa copulatrix is usually a translucent to trar~parent 

white colour except for the bra-m sclerotised rer_;ians, but it can 

contain slightly yellc:w coloured sperrnatornores an occasion. It often 

has a slightly licriter band running transversely around it about rni.dv-1ay 

and any spennatophores within it can be easily seen through its walls • 
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Figure 7.11 

The external genitalia of the female 
P. operCJU l,e l, l,a 

A whole :ma.mt after maceration. The cuticular lining to saoo 

of the internal reproductive organs have been anitted for 

clarity. 
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Wha-' e the cuticulcri lining of the bw sa coµilatr ix is 

unsclcr otisai it is smooth ard between 1. 5 µ an:i 2 ,u in thickness 

(Figlll'.'e 7.10 C, D). The epithelial cells which secr-ete it have ra.m:ie:l 

b3.sal swfaces arr:l lie on a well -Jevelopa:l basement r,1emlrane. Ha-1ever>, 

they only attach to the basement memlr ane centrally so th.Er"' e cri e gaps 

between it an:l the regions of their int Er' cellula:> contacts (Figtr e 7 .10 C) . 

These gaps becane p:' ona.mce:i when the epithelium is canp:1 esse:i because 

the basement mernlrane ofte.ri foJds cutwa:u fra,t the cells. The epithelial 

cells themselves usually va:>y fran about 1 :u at their e:igeswhen stretchH:l 

ani flattene:i to abcut 20 µ when comµ,esse:l but they ere gena:>ally between 

6 to 11 ,o.1 in maxirm..un tluckness. Their inta> cellulcr memlr anes a:> e 

fa:irly distinct ard their nuclei are rc:urrla:i with diameters of 10 to 

12 . .u unless the cells ct'e flattene::l. They occupy basal positicns 

surr.C'o..mie:l by basophilic cytoplasm which stains deeply :i.11 newly eme'.'ge:l 

moths arrl less so in moths oJda:> than abcut 7 to 11 days. Apically, 

abrut m:idway along th0 cells the cytoplasm changes sha:>ply to eosinophil:i.c 

ani then often appea;is to consist of stran:is running at right angles from 

the cuticle (Fi,6IWC 7 .10 C). This transitional region is always distinct 

in both ycung arrl oJd moths. 

Sl.lr'r oun:i ing the epithelial layEr"' post a.~ icr- ly a:> e two layers 

of muscle which run diagonally at:'Ouri the btrsa copulail..,ix but at an 

angle to each other ani they both attach to the a:>ms which ct:' ise fr an tlie 

signum. Hcweve:' , anta:1 icr ly j to the lightEr' tr ansvEr se bani , only one 

thin connective tissue sheath can be d isce::>na:i strr c:uni ing the bi.r sa 

cop.ilatrix arrl this has only occasional muscle f:i.lres running ove::> it. 

Although the bwsa cop.ilatr ix may be absent in I.ep:idopta:>a 

it is corrnnonly enJ.ar:> ga:i arrl sac-like; an:i possesses sclff' otise.:l signa 

va~ying fran inwa:-d p:-ojecting teeth to scobinate patches (Klots, 1970). 

Pa.:ire:i signa in the fcrm of teeth occur> in some Gelechi:id.ae, as fcri 

exairip1e in s. ae:reaZeZZa OlivEr' (Ja..i.be:it, 1964-a, lSJGLrb>, and -Smga,sta 

boaqueUa (Charnbe:>s) (Klots, 1970). The functions diffe:'ent authcr-s 

have as<r ibe:i to the signa have been r eviewai by Callahan an:i Cascio 

( 1963) arr:l :i.ncl.u:i e being exci tater y • er st:Lmlatcr y, SEr' v:i.ng to teer up 

Cl:' saw open the sper-matopha>e, ard hoJding the smooth baiy of the 

spermatophcre in the btrsa. These autha>s cons:ide::> the latte::' is ccrrect 

fer H. zea arrl it p:>obably also applies fa, P. operauleUa., SEr'ving to 

position the Spe:'rnatophcr e opening near> the d uctus seminalis. Hcwever> , 

the scla--otism ani ncrrcw ductus btrsae in P. operauleUa must also 
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:rrevent the hax:iernrl Sptr'matopha>e fran moving very much. 

Histologically, the bw sa coµ .. llatr ix of bot11 H. ;;:ea artl 

C. fwniferana is unifa>m. 'lhat of H. zaa is strroon:ie:l by 4 to 8 laya:'s 

of IID.lscle ard the basement memlr ane of the epithelial laya:' is 

irrlistinct (Callahan an:l Cascio~ 1963). In C. fur:riferana it has a heavy 

cret of rrn..1scle which is per ticula:' ly thick by the signw:1, ard its 

ruticular lining has a distinct epicuticle ard :i;rocuticle (Outram, 197h). 

In contrast, the bi.rsa copulairix of A. kuhnicUa ard L. orbonal-is is 

1iv:idej histologically into tlree regions, sha.Jing similc:rities to that 

of P. operau"teUa. The antEria' pa:>t in A. kuhnieUa has no IID.lscle, 

arrl the epithelium is compose:l of cubo:idal cells which a:>e pa:>tially 

sepcr>atm by aiticuli:r' inf0Jdi11gs ard have apically striata:l cytoplasm. 

In the region of the signum tr-ie cuticle is thicka'.', the epithelial cells 

ere :irreguJ..a:i ly shape.i an:i ere swrotniro by irme:1 longitl.riinal arrl 

rute:i c:ircula:- nuscle layEr's. Poste."i<r to this, the epithelial cells 

ar:e no longe'.' sepcrate:i by cuticle arrl the:ir intErcellular' walls becane 

irrlisti..rict. In aid ition, only a laya'.' of c:irculcr muscle is p:-esent 

(Musg:iave, 1937). In L. orbonalis, the ante:>ia- region of the blt"sa 

copula.ir ix also has no nusC11lature, the m:idd le one has thin innEI' 

longitl.riinal arrl oute:'.' CFCUJ.a:'> la.ya:-s of muscle, while both layEI's 

become thickene:i in the postEr ia- region arrl the intEr' cellula:> me.rril:r anes 

of the epithelial cells becane irrlistinct (St-ivastava, 1960a). 

The apermatophoro 

The spa:-matoph<re of P. operauleUa takes the shape of the 

btrsa co:p..1lair ix it is fa>ma:i wit1u.n. It consists of two regions, an 

rutEr haro. an:i gene:>ally transpcrent region which encloses an inne'.' 

p::,sta-> icr sac. The hd'.'d. iranspar'ent par-t can sanetirnes be slightly 

clcu:ly white er yellOJJ, while a:ir bubbles often become inccrpcrate1 into 

it arrl small CI'acks fcrm within it running in diffErent d:irections 

giving it an jrr egula" ly er ystalline appecri ance, TI1e innEI' sac is almost 

always visible,ins:ide the spe:rmatophcre. It opens poste'.'ia>ly, is 

opa:i ue white in colOlll:' , arrl sections of it reveal that it alone contains 

the spEI'matozoa whid1 ace both free swimming arri boon:l. into cysts. 

When mere than one spe:imatopi"l.cre was obsa:ive::l within a bl.r'sa 

copulair ix the last one ha:i d isplace1 the o:Jd Er' ones antEr icr ly so 

that it occupie::l the poste'."ia> space with its innEr' sac opening necl"' the 

ductus seminalis. The ultimate fate of spErmatophcres in the bwsae 
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copulatrices ,;Jere not i.nvesti:;,cJ.ted herB, so it 1:E1S not dcten:ri.ned if 

thsy eventually becone cibGorbed or not. Possibly ti1.ey do not or t.1--iis 

only occm--s v2.r·J slo,Jly since feL.:i.le noths copuL:::.te infl'"'.:.:!qucr1tly c::.fter 
tl:i,, • • ·t· , t· , . ..,., 0 ) d th. . . "~:Lr' uu. 12..1. ;:1£! :::..n:::; , , ... :1.:.1pt;r u .::m J.3 :·.ny l>e due to th.cir nur.:,ae 

copul.2.trices being ,7 JPco.dy distended. 

The sperr.Etopnores of Lepidopteru frequently take ti1e shape 

of the bursae copul<.1trices tr-1ey re dcposi ted :Lri. .:mcl 3on;;ti.T:1cs they .-~Jso 

extend into the ducts leu.di.ri.r; fru.1 then (vJillia:-.:s) 19 39, 194-f ) . In 

S. aerea Ze Ua, h0v1;._!ver, th.EC..: s pernctophere is qui tc; unlikC: that of 

P. operau le Ua: it is lon2: and t.hi.1, ond is coiled into th(.: t>urs.J. 

copulatrix, th:.:!r:-ciliy dister1dine it 0em.us(;; of its r-2silicncy (JoU:Oert, 

I964b). It .J.lso appec::rs tnat th.t:: sperr.1:.--rtophorcs of Lepidoptera .:ire 

often peIT:Eilent in Uk! .Dur.3-J.r::! copula trices of th,.c: feLill(;:S on~ depasi ted 

foere. ;Jillior:s ( 19 39) stcite3 that the "p1.>esence of ,J. spenJ2.tophere .in 

the bursu. copula:trix .indicc.tes ti.'-10.t the f euale h.J.S 1:uted once; .J.11.d when 

noro tl-ian on1.; is pI'.::S...:i1t co.a:1 one indicate~, 2. <Jif fenm.t r:utin,..,. if the 
._j 

J:1;'lting belE1vioU1~ is tie Sc.U,k: cJS in Bphestia kuelmieUa Zell." 

Callahan illld Cc.Scio (1963) l.)elieved that it vlclS hi:J1ly unlikely that any 

secreticn, or conversely J:'aterial within the ourso.c ~ cop.ld poss throu.1j1 

th:; thick epicuticle lininr:; of tl1,2 bursa copul.:i.trix of H. zea. Landu. 

(1960), hcuever, r:iaint:i.ined that "ti1e di,cested sµ;rn::1topt1ore of tho 

scarabaeid, M~1D"l.crf?.tha meZ.olonthaL.p,--,..netratr.::3 the chitinous l:i.nin~ of ti.":e 

bursa copulatri..-x. Possibly this occurs in G. meZZaneUa, since Khailfu. 

(1950) reports tiw.t its spcrrnatopnore compl.;;t~ly disappeurs 10 days 

after copulation. Ii.. iu al:Jo possible. tt1.::1t) if u1e S[€r'r.aatophore is 

a-; j;laSted, the products could puas alons tie ductus seLri.nalis and be 

absorbe.d els~1e.ru. 

In con~:lusion, the !_10rpholOBY and histolo::,y of Dk! internal 

reprc:ductivc or:.:;ans of tl1.:! fer:cle P. operaule Ua sho,J no unusual 

structur'=!s ,1hen corcq:ured wi til tnooe descril>od for ot"l-ier lepidopterc.. 

Eo.1ever, when th~y ell"~ considered in detail uS u. whole they sha,1 sorre 

differences with all oti1er· notlls, a.lt11.ouj:1 w~K:n eaci.1 orgm is considered 

indi vidua.J..ly it hos its col.Il1ter'p.:.u."1: sor:ewher>e. 'Ihe bulla seriinalis in :i 

p. opercu. 7,,e l, 7,a is, :i 1a10ver, .JD exception but this is ::1ost probcJbly only 

because this organ ill"'ises c1S a diverticulu.1"'..:. f::t:.u,1 the ductus serd.nalis 

in ea.di. of tne other :rJOtns in 'iJhich it hclS Deen exur:d.ned histolorrically. 

As regards t:·1e ot11er or~~ans, re.r;DY.k.Jblc siiiloriti<.;!8 occur, if aize 

alone is iJnored. Thus tri~ oviducts, vad,na, acces::;my glands, 



281. 

sparmathecal gland and spenna:theca of C. fwniferana, the spermathecal 

gland and sperma.theca of A. kuh:me'lla, and the bursa cop..1latr'ix of 

L. or bona Us clcsely resemble the carrespcru:ii.ng organs in P. operau 7,,e. l la. 

In additim, the accessory glan::l reservoirs and duct, an:i 

the spenna.thecal dlct of A. kuhnieZZa also bear clcae resemblances 

histologically to these organs in P. operou Z.e 1, ta. 

The female external eyni talia 

The female external genitalia have ooly been incanpletely 

described befar'e by Povolny (1964) who figured and briefly described 

the scler'otise:i structurB ccnsisting of the fused apoµiyses anteriares, 

8th sterni te and ductus bursae. The terminology used in the present 

desct>ipticn is that of Povolny (1964), and Klots (1970). 

The 7th abdaninal segm::mt in the female is the last with a 

typical sternun arrl tergum but both these sclerites pcssess a rCJN of 

slightly elongated scales that arise from their posteriat" edges 

(P.i.gure 10.l A). Together, these scales and the pcsteriat' regi~ of 

the 7th segrrent farni a chamber which enclcses the other terminal. 

abdominal structures when they arB withdra-m. 

Pcster-ior to the 7th segrrent is a thin walled ovipositor which, 

when extended, reaches a maan length of 0,98 nm (Table 7 ,1). 'Ihis ·1s 

f <Jt"Ilro frcm the dorsal part of segmant 8, together with segnents 9 and 

10. The postericr botmda:cies of these segrIEnts are i:robably marked by 

transverse rings whid1 becare visible arotn1d the ovipcsitcr when it is 

not quite fully extended. The tergal and sternal areas are not clearly 

delimited since each se~nt fornE a carrq:,lete tube of thin cuticle. 

Between the dorsal parts of segmmts 9 and 10 is a large eversible fold 

of thin cuticle which normally lies withdrawn anteriorly lll1der the 

dcrsal stll"f ace of segrrent 9 where it farns a pocket er invaginaticn 

(Figure 10. 5 A, B). This is the locaticn of the female sex i:neranone 

gland which is described in detail in Chapter 10. 

Cau:ially fran the loth segrrent arise a pair of soft broad and 

thick lateral lobes, the papillae anales, • which are covered in long 

bristles (Figures 7 .11). Anteriorly, they fuse together where 

they join the 10th tergum at a constriction and posteriorly they enclose 

each side of a genital chamber into which the dOr'Sal anus and ventral 

vagina open. 
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A pa:ir of apophyses poste:>icres a:'ise lata:oally fran the 

constriction at the post Et' icr errl of the 10th seg;nent ard run ante:> icr ly 

within the ovipositcr into the a.bjanen (Figur,e 7 .11). These ar;,e long thin 

ro:is of heavy cuticle with a mean length of 1. 27 rrnn. They ere joine:i 

ante:>icrly by nume:'ous ITB.lscle filres which a:'e responsible, at least in 

par>t, f<r exterrling the ovipositcr by pulling cal.dally fronf.rth.Qj,r .:imer'tions 

en the <:1.[XJp"lyses anteriores . 

The above intEt'p:-etatian of which ar'eas of the ovipositcr 

ccrresporrl to which alrlcminal segment is open to question. A stlrl.y of 

the ITB.lsculatur'e crul:l pet'haps resolve this, but in its absence the 

inte:>p:>etation of Klots (1970) has been follc:wa:i ha:oe. This diffa:>s, 

ha.veva:>, from that of Pdeesan et aZ. (1969) who name:i the regions ha:>e 

terime:l the 10th anl 9th segments as the 9th ard 8th seg;nents respectively. 

Ventrally, at the base of the ovipositcr, a scle:'otisa:i 

stEr'nite of the 8th segment arves transversely ar:'a.url w"de:>neath the 

oviposit<r (figur'e 7.ll). This tape:-s an:l fuses meiiallywith the 

scla-otisa:i tube of the ductus bwsae an:l fuses lata:>ally with the 

apophyses ante:' i.cz, es. These latte:' also Jr oj ect postEt' i<r ly fr an the 

e:ige of the 8th sta:>nite as sh<rt flat bla:ies with ro..mie:l en:ls 

(Figur-e 10.3B). Ventrally arrl dcrsally, the 8th stEt'nite is crnamente:i 

by closely ~e:i pits with 1::r>oa:i rims which have depths of abcut 7 )l 

ani w.i:lths of 4 • to 10 µ. They each also fra::iuently have a sh<rt lristle 

Jr>Ojecting from thejr poste:>icr rim (Figur,e 10.3B). 

The 8th sta:>nite, at the point whe:>e it is joined by the 

apophyses antEt'i<res has a mean lrea1th of 0,44 rron, while the total 

distance fr om the anter i<r errl of the d uctus bw sae to the post a:> icr 

a:ige of the 8th stet'nite is a mean of o. 72 nm (Table 7, l), 

Imma:iiately dcrsal to the 8th stEt'nite is a l:roa:i invaginate:i 

sinus vag:i.nalis. Ventrally an:l late:>ally it is bcurrle:i by the 

scle:-otisa:i 8th sta:>nite ard apophyses posta-icres but dcrsally it 

consists of thin a.iticle except fer a pajr of posta:o io-late:>al oblong 

scler-otisa:i plates which run anta:>io-posta:>icrly. These plates togethe:' 

with the thin walle:i poste:>io-dcrsal ruticle of the sinus vaginalis a;-,e 

crnamenta:i with pits anl spines s:imilat' to those on the 8th stEt'nite, 

Toe sinus vaginalis tapa,s anteriaily an:i joins the posta-icr erd of 

the scler-otisei ductus btrsae at the ostium bwsae. Inta:-nally, all 

these par-ts a:'e at>me:l with shcrt spines between 10 _µ. arrl 14 }l in length 

vm.ich p:> eject poster-icr ly. 
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/ 
Povolny (1964) notes that the female genitalia of all genff'a 

in the tr .ibe Gnai imoschemini ar;,e relatively unifcrm. 
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CHAPI'ER 8 

The sexual behaviour of P. operaul,el,1,a 

and the environrrental factors that affect it. 

Introduction 

Very little hu.s been published concerning mating in 
P. operaul,eUa. Adeesan et al,. (1969) reported that the fernale rroths 

attracted the males by :rmans of a pherancne and they described the 

behavirur of the males when they were caged with newly errerged females 

as becaning ''highly excited, exhibiting sexual responses such as clas~ 

extension, fluttering of wings, and spinning flight". 

Before cornrrencing work on a behavioural bioassay a detailed 

investigation of the sexual behaviour of P. operauieiia was made. 

Initially the moth's diurnal pattern of copulatory activity was 

investigated in the laboratory and related to mating to detennine when 

the m:rth was most sexually active. 'lhis knavledge was essential for all 

subsequent experiments on mating behaviour. 'Iwo experirrsnts were next 

carried out in constunt illurninaticn to investigate the relevance of 

photoperiod to sexual behaviour. The effect of temperature was also 

examined to obtain so:rre indication as to ha,1 t,e moths might behave in 

the field. Wnen these laboratory experi.rrents had been completed the 

pattern of arrival of male r.10ths to females in the field wc:is determined 

using sticky traps baited with live moths or their extracts. These 

field experi.rrents were carried out to check that the results of the 

laboratory studies accounted for the behaviour of this insect under natural 

conditions, but they indicated that certain temperatures have an 

important influence on the timing of sexual behaviour. The effects of 

temperature changes were t11erefore further investigated i.."1 the 

laboratory with the result that they enabled a rrethod to be devised to 

induce the moths to mate in daylight so that this be.i1iaviour oould be 

observed and described. 
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Methcxis 

All observations ard. photographs of mating behavia..Ir' taken .in 

the J.a.ba:>atcry wff'·e made when the moths werie enclose:i in a flat obser­

vation ~er shewn .in Figllt'e 8.1. This ha:i n...:.."Y'ow sides, an a:gan:iie 

top an:i a removable perspex lid which was use:i fCX' removing the moths arrl 

cleaning out the chamber- aft@fc~'an expe:'ime.-rit. Drille:i through one side of 

the obsff!vation charnberi was a 12 mm diai11eter hole fitte:i with a cCX'k am. 
this was use:i fer .inserting the aspiratcr when the moths wer-e intrcxiuce::i. 

Obser'vatians am. photogr>aphs wer>e taken through the pecspex lid; the 

distance between the top an:l. the l:id of the observation chamber was srrall 

(2 cm) to minimise the depth of field re:iu:ire::i when taking photographs. 

The diur'nal mating activity i.D. the labCX'atcry an:l the effects 

of tempe:>atur'e on this wer>e stu::lie:i by plad.J1.g the moths together' .in the 

obse:'vation chamber an:i photographing them at intecvals throughout the 

night. The abser>vation chamber was place::i on a sheet of glass suppcrte::i 

between two tables arrl an autanatic cam<:r1a with an electronic flash was 

mounte:i un:ler'neath on the fleer (Figure 8 .1). A clock an:i a wall 

thecmometer' we:>e placed next to the obser'vation chamber so that the time 

arrl tempa:-atur'e wa:-e reccrde::l on each photograph. Sheets of black paper' 

(not sham .in Figure 8 .1) were use::i to shield the observation chamber> 

£ran the sides arrl the top, i:;artly as a photographic backgrourrl arrl also 

to sCTeen the moths £ran the rest of the roan because they werie easily 

distur'be::l by the sight of moving objects. During the day illumination 

was irovide:i by an :;..,,1ca:.-rlescent lamp place::i un:ler' the table arrl 

controlle::i by a timeswitch. Variations .in the intensity of illumination 

wa:-e ma:le by using differient wattage bulbs an:l placing the lamp at 

differ'ent distances from the moths. During the night the moths wa:-e 

also illumina.te::i in:iirectly with less than 0.1 lux £ran a lamp operiating 

t:hrcugh a variable resista....-1.ce. The photographs wer:oe taken initially by 

hard.. operating the ca.'ller'a but eventually an automatic trigger-ing device 

was constructe:i to allow photographs to be taken ever'y half ha..n;, CX' 

ha.Ir' over:i long pecicxis of t:iJne. Hcwever, if additional photographs wer-e 

re:i.urr>e::l these Wet:'e taken by rranually activating the earner-a. • The 

apa:-tur'e of the ec.lJilera ard the output of the electronic flash wet'e 

a:ijuste:i so that the flash :i;rovide::l most of the light fer exposing the 

film an:l ther-ef cre the photographs taken in the daytime differe:i very 

little from those taken at night. 
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Figure 8.1 

Equiµrent far determining when 
P. operautetla cop.ilates 

Uprer Experimental arrangemmt far automatically _µ-iotograµtlng 

P. operau.tel-1,a every ha..ir or half-hour. The observatiCI1 

chamber was placed lid da-mward on a sheet of glass next 

to a dial thermareter and a clock. The autcrnatic canera 
• 

was positioned beneath so as to photograµ1 all three. 

Black cardboard was used to shieli the observation chanber 

from the top and front but was renoved far this picture. 

L::wer Construction details of the observaticn chamber. The 

lid and sides were made from clear perspex, and the 

moths were observed or photographed through it. Also 

organdie netting was dyed black to contrast with the 

light grey of the moths. 
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Obser>vations on the moths' diUt'nal copulatcry activity f-t 

room ternpcr-at\.lt'e waie all ma::le in the darkroan use:i fer rearing the moths 

in, but the roan lights wa>e switche:i off arrl the moth cultwes waie 

illum.inate:l by a lamp controlle:l by the same t:i.meswitch that Ope:'atej_ 

the exper":i.mental lighting because this avoidm any possible ~crs in 

synchronising beth sets of lights. A constant terrg;,a>atwe room an:l a 

refriger"ate:i stcra;,oan wEre use:l when temper'at\.lt'es down to 1cPc arrl 

o0c respectively wa:ie requ.ire::l ani both of these roans wa,e lar>ge 

enough fer the c.nt:ire appFatus to be set up ins:ide them. However.•, when 

the moths wcrie placej_ .in the refrigerated stcra-ioan it was also necessariy 

to enclose the observation charnbai fror.:i the top arrl sides with a 

polystyrene foam box to eliminate cyclical fluctuations in temper>atwe 

that we:>e large enoogh to star>t sane of the moths mating. Tempe:>atuPe 

changes dwing the experiiments wer>e usually cffectej, by moving the 

ent.ire apparatus to the app:>o:i;riate room. When a tanpa:-at\.lt'e change was 

rra:i e dtrr' ing dai. .... mess the observation chamber> was kept enclose:i inside 

a lighqroof photogr,aphic bag until the equipment ha:l been move:i. 

When the obser>vations wer>e naie on mating behaviow the 

obse:>vation chamber> was inver'tffi so that the moths coold be obse::'va:1 

from above, an:i the results of the experiiments desct'ibe::l ha:-e on the.ir 

diurnal copulatcry activity patterins rncrle it possible to make these 

obser-vations dtrr'ing daylight. This was accc:mplishe:i by keeping the male 

arrl female moths in separ>ate container>s overnight in a danestic 

refrigEr'atcr at apiroxirnately s0 c, then placing them togethe:- in the 

observation chambcr' at room temperiat\.lt'e at dawn when they rnate:i. 

Photogr>aphs were taken of these moths by mounting a Nikon F cama:'a arrl a 

Rollei canputai electronic flash unit onto a frame which could be freely 

mova:l over' the pEr'spex lid of the obs0rvation chamber. The camer·a was 

the::-efcre kept at a fixffi distance from the moths so that the focusing 

arrl flash outputs could be :i;reset arrl photogt>aphs could be quickly taken 

by positioning the cama:'a CNer the subject. 

Sticky traps Wer'e usro in the field to surly the arrival 

patta,ns of moths to v.irgin females an::l their extracts. Each trap was 

constructe::i from two clear> plastic 1 litre jars boltej_ together> base to 

base with a wide central hole drille:::l through fran one to the other> 

(FigUt'e 8. 2). Toe baits were place:i in a glass tube pusha:i into the 

central hole arrl crgarrlie netting was fast:ena:l over' both en:is of the 

tube by rubba-- barrls when live females we::-e usa:i as bait. These females 
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Figure 8.2 

A sticky trap use::i fer P. cperau.ZeZZa 
ard its positioning in a potato fieJd 

A. A sticky trap. 

Two clear> plastic jar's wer-e bolted together- by their 

bases. A glass tube in which the sample was placed 

was inser-te::i tllt'ough a hole drilled in the bases. 

"Stickem special" was applied to the insides of the 

jar's. DJriing transpcrt the lids wer-e kept on the 

jars. 

B. Positioning of sticky traps in the fieJd. Each 

sticky trap was place:i on top of a m::>urrl arrl 

shieJde::i by a potato plant. 
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were also only used in groups because this counteracted individual 
variability and helped to ensure that the traps were attractive. The 

extracts consisted of the equivalent of 30 females in 100µ1 of 

chlc:rofarm prepared in the sane manner as the -i.!xtracts for C. ze.aZandiaa, 

described in Chapter 4. These were sealed into flat bags of O. 002mm 

thick polythene, 6cm wide by 14. 7cm long together with lgm of perlite 

which kept the sides of t.i"'-le bags apart and sooked up the extract. 

"Stickem Special" was applied to all the inner Slir'f aces of the traps 

except the glass tubes; the screw top lids of the plastic jars were used 

for closing the traps during transit. 

All the field work was dcne at the Tamahere location given in 

Chapter 6. The potato patches consisted of 15 c:r more parallel 

rnourrls of earth appt:'ox:i.mately 0.5m apart and over 150m long in which 

the potatoes were planted, and the traps were plaoo:i an the central mounds 

at least 10m apart under large potato plants where they were protected 
fran the weather to scare extend ( Figure 8. 2) • During the day it was also 

necessary to place half cylirrlers of aluminium foil over the traps to 

prevent the sun from overheating and killing any live m:rths used as bait. 

The configuratic:n in which the traps were :positioned in the patches 
varied depending an the direction of the wind: when this was greater 
than about 45° to the direction of the mounds the traps were arranged 

dam the middle nound but when the wind direction was less than 45° to 

the direction of the mounds the trap::; were distributed equally l:etween 

the central mound and the 4th m::>und on either side of it in a regular 
sequence of three diagonal ra,.,TS of 1:hrBe traps. The tra:p:; were therefore 

arranged across the wird,or so that there was at least 30m between cne 

trap and the next·cne dcwrwirrl. 

Experinental procedure and results: 

Initial 7.,aboratory e:x:periments 

The diurnal copulatory pattern of the iroths was determined 

firstly by photographing groups of them at regular intervals over me or 
rrore days and then counting the number copulating in the J:hotogr,aphs. 

The copulating rroths were readily distinguishable from the single cnes 

because they were attached to each other by the tip:3 of their abdarens 
and faced in oppcsi te directions ( Figure 8. 7 C, D) . 
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Initially the diurnal copulatory p~ttern Wu.S determined with 

the moths under naturc::i.l light conditions . Fifteen pairs of virgin rroths 

between O and 11 days old were placed together in the flat observation 

chamber in a room with floor to ceiling windaws forming its northern wall 

and photogr-aphs were tak1;-;n of them over a period of 31 hours . All these 

rroths were fcund to rem:rin single until night tirrB where the light 

intensity had dropped well belo..-J" 1 lux ( the minimum reading of t11e lllx 

meter) except for those pairs ttiat bega:n copulc:ting soon after' they were 

placed together at 1200 hours u:nd sepcJrated Qgain within 4 hours (Figure 

G. 3 A) • Once it was dark, hawever, the proportion copulating reached c::. 

rre.ximum within an hour when 73% of the moths becarre paired. This 

proportion remained copulating for a further two hours cJ.11d then ~duced 

during the rest of the night except for occasional small increases due 

either to :mar'e moths rrnting, or to errors in coonting caused by pa.:i.rs 

becaning tem:p:>rarily obs cl.ID2d. By the tine dawn arrived only one pair of 

rroths Wd3 copulating and these remained together for less than an hour. 

After this no other mot'1S mated until it becaIIE dark again on the second 

night when one pair copulated for less than an hour. This experinent, 

therefore, showed that the rnaj ari ty of moths copulated at the beginning 

of the dark period and only a small proportion copulated later in the 

night and in the mat'ning. 

Five similar experirrents were then perforrred to determine 

what ti.rrE the rroths copuluted when they were kept in the rearing roan 

where the light intensity cha.'l.ged ~1hruptly from 150 lux to approx. 0 .1 lux 

fran day to night . Equ.cl numbers of virgin male und ferrule rroths 

between 1 and 3 days old were again placed together in the observation 

chamber for eac.ri experirrent and photograi:;hed at intervals over 1 to 4 

days. The electronic flash was, however, covered by a Kodak 1A red 

filter during the first two experiments illld left uncovered during the 

last three to determine if the colour of the light affected copulation. 

Hc:wever, thera werB no appa.rBnt differenc..>es in the copulatory patta>ns 

between these two treai::mants (Figure 8.3 B, c, D, E, F). In each 

experii:rent f~ or none of the :rroths copulated when they were first 

placed together during the day and those that did sepurated again within 

two hoo.rs . After this all the rnoth3 remained unpaired until the lights 

went out. The proportion copulating then reached u. maxim.un during the 

first one to two hours of darkness when between '+5% to 85% of the moths 

became paired. Follc:wing this the propar>tian then decreased until less 
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Figure 8.3 

Tine of day when P. opercu le Z 7,a, copulates 

Each histogr-am represents the percentage of females i:notograJ:he:::l 

copulating at 20°c. 

A in natural light. 

B to H in artificial light; H also in total darkness at night. 

B & C: Kcdak 1A filter over electronic flash. 

Number of noths used in experinei-rts : 

A 
B 
C 
D 
E 
F 
G 
H 

Male 

15 
34 
11 
30 
17 
20 
39 
32 

Female 

15 
34 
11 
30 
17 
20 
13 
16 
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than 20% were paired after three to four hours of darkness and then it 

remained at a lav level for t'-ie rest of the night. The proportion of 

copulating moths did, hcwE:ver, show a tend.ency to increase slightly 

during the last half of the night and decrease aGain beforu the lights 

turned on. In the morning the propc!l'.'tion copulating incrieased once again 

althrugh usually less them 20% of the moths becarre paired and most of 

these separated within 4 to 5 hours . A few of the rrot'l.S continued to 

oopulate until the second night when there was another small increase in 

copulation during the first two to three hours of darkness but this 

involved less than 20% of the moths. The proportion then decreased 

again until few cop.llating puirs were found by the em of the second night. 

Sorre moths also copulated at the beginnine of the third day but these 

usually separated within two hours ( Figures 8 . 3 D, F) . H1otographs of 

the noths were only taken over 4 days on one occasion ( Fi,gure 8. 3 F) and 

then no moths were found to copulate between the noming of the third day 

and the start of the 4th night. Those that copulated on the 4th night 

all separated again within 2. 5 hours . 

These 5 experirrents shewed that most of the moths copulated 

during the first night after they were placed together and that the 

largest proportion copulated soon ufter the lights were turned off on 

any night, u.1.though soire copulated at other tilres later in the nig):lt and 

when the lir;hts were turned on in the morning. This copulatory pattern 

was close to thu.t of moths kept under natural lighting conditions so that 

abrupt changes in light intensity between day and night did not appear to 

affect the moth's copulatory behaviour except far the pcssibili ty that in 

artificial light a larger proportion copulated when the lights turned on 

when canpared with the number that copulated at dawn under natural light. 

Tiri.s latter observation oould, hcwever, o.lso have been a chance occurrence 

since only one experi.m:mt was carried out in natural lignt. 

The siriri..lari ties between the copulatory patterns of moths 

photographed with red illld white lid1t suagested that the light from the 

electronic flash did not affect their copulatory behaviour. Hcwever, it 

was possible that the moths could be equally sensitive to both colours 

and therefore it was necessary to establish whether or not t1.e light 

flashes affected them. 'Ilu.s was investigated by keeping three groups of 

20 pairs of n'k)ths in undisturbed darkness far different pericxJs of ti.me 

and then camp:D'.'ing the proportions found copulating with those in the 
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previous experiments. Each of these three groups of moths consisted of 

15 virgin males and 15 virgin females placed in a 1 litre jar covered 

with organdie netting. All three jars were kept in the rearing roan 

until the lights were turned off; they were then removed in turn after 

1. 5, 3, arrl 7 hours of darkness. The proportions of rroths found 

copulating after these times were 80%, 10%, and 20% respectively and 

since these were within the range of proportions foun::i copulating at 

the same times when they were photographed, it appears that the electronic 

flashes did not significantly affect their copulatory behaviour. 

All the e-.'Periments performed. so far were only concerned with 

copulating moths arrl therefore no estimates of the diurnal mating 

pattern could be made until it was J<no..ln ho;,1 often they copulated in a 

night. Tiris was therefore determined by placing 40 male and 20 f e.i-nale 

virgin moths, 1 to 3 days old, in the observation charriber, and keeping 

them in the rearing roan until all the moths had separated t.i11e follONing 

day. The females were then dissected so that the number of spennatophores 

in the bursa copulatrix of each could be counted. More males thai"l. females 

were used on this occasion to increase the chances of IID..lltiple 

copulations being detected should they occur, but even so only 18 females 

each had one spermatophore inside them and two females had none. This 

demonstrated that the females mated once during this period an:i when 

related to the previous experiraents, it also shONed that most of trie 

females mated soon after the light was turned off at night and only a 

fe.v mated during the remainder of the night or in the morning. The 

relatively slON changes in the proportions of IIDths copulating in these 

experiments also indicated that the moths copulated for long periods of 

time ranging fran possibly less than an hour to over 13 hours . This was 

conf i.rmed by many photographic sequences in which copulatine pairs 

occupied identical or very similar positions. 

The diurnal copulatory pattern of P. operaulella was then 

investigated when there ware more males than females to check that this 

did not affect the copulatory behaviour of the fenales. Initially 32 

nale arrl 16 female virgin moths between 1 an::l 3 days old were placed in 

the observation chamber and the proportion that copulated at different 

times over three days was determined using the same photographic methcx:l 

as used above. In addition, it was later found that the lamp producing 

the night time illumination had been accidently removed by another 
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sttldent near the start of the experiment an:l therefore the moths 

received no light during the dark pericx:1s . Tne copulatory pattern of 

the rroths, however, was still similar to those previously obse.rv(.'Cl 

(Figure 8. 3 H) and this th~fora dem:mstrated t17.at the moths could mate 

in total darkness wnd indicated that an excess of males did not affect 

the copulatory behaviour of the females . 

This exper~nt was repeated again far' completeness using the 

usual night-time illumination .:!!'ii the results were similar to those of 

the previous experiment (Fieure 8.3 G). 'Ihis, therefore, confirnro that 

the copulatory behaviour of tl1e females was unaffected when there were 

rrore males than f cmales • 

Following this, a similar experiment was performed usine 10 

males an:i 30 ferrales to find how often the males copulated. On the first 

night. this was sinri.lar to the previously observed patterns but the 

initial pattern was rep:Jated again on each of the follo.1ing two nights 

although the naxirm.nn number of nules that cop..ilated at the beginning of 

each night decreased slightly eaa'-1 time (Figure 8 .4 G). Tnis, therefore, 

indicated that the males only r.uted once in 2 4 hours arul that they nateJ 

again on subsequent days whereas the females usually only mated once and 

subsequerrtly did not m:ite for at least three days. 

All of the above experirrents were perfon-red at 20°c but it 

was likely that the moths usually experienced lc:wer temper.:rtu.res thc111 

this in the field if they mated at night. It was therefore decided to 

determine their, diurrcl cop..ilo.tory a.ctivity patterns when they were kept 

at 1s0 c, 10°c, anJ. s0 c. Virgin rroths between 1 and 3 days old were again 

used in the observation chamber in each exper:umnt but mre m:-ucs were 

used than females and the observation chamber was kept in a constant 

temperature roan. The moths were then photographed. over a ~iod of 

three days except for the experiment at 10°c which only ran for two days 

before the refrigeration unit iced up and the temperature rooe to 15°c. 

However, the experiinent was continued at this temIX'..rature for another 

two days. The results of these experin£nts (Figure 8.4 B, C, D) shaved 

that the proportion of moths that copulated after t"li.e lights went off 

becarre progrnssively smaller the laver the temperature, whereas 

approximately the ScJIIle prcportion copulated at dawn at c.11 temperatures, 

am. therefore at 10°c and s0 c relatively rrore rroths copulated at dawn 

than at the beginning of the night. The rroths also shooed a. tcn:lency to 
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Figure 8.4 

The influences of different te.mp:Tatures arrl 
constant light on the ti.ire of day when 
P. operaulelZ.a copulates 

Each histogram rep:r'eSents the percentage of males ,IXlOtographed 

copulating. Artificial light was used in each exi:-eriment. 

A. The copulatory pattern of 10 males at 20°c, when provided with 

30 females Oto 1 day old. 

B. The coµilatory pattern of 22 males and 40 females at 1s0c. 

C. The copulatory pattern of 20 males and 40 females at 10°c far 

two days follcwed by 1s0 c far a further two days. 

D. The copulatory pattern of 30 pairs of noths at s0 c. 

E. The copulatory pattern of 42 pairs of rooths 1 to 4 days old 

in a constant light of 150 lux. 

F • The oopulatory pattern of 17 pairs of rroths 1 to 4 days old, 

in a constant light of 250 lux. 
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begin mating three or rrore hours befaro the li[11ts turned off on the first 

night and there WEJ.S ,::::. noticable tine lag before they started :ma.ting 

after the light tur'fled off on subsequent nights. At the lo,,;,er 

temperatures they also ten.led to spend increasingly longer periods in 

copulation than at 20°c. 

The possibility that the rruting activity of the moths was 

influenceJ by an endogenrus circadiun rhythm was breifly investigated 

by keeping equal numbers of males and females, 1 to 3 days oL:l, in 

con.stcll1t light ancl photographing them over a psricxl of three du.ys. 'Iwo 

sep:irate exper.lll~ts were performed under light intensities of 150 lux 

and 250 lux. In the first experinent the m:::rt:hs begun copulating just 

before the nanrul d.::irk period (Figure 8. 4 E) after which theil' numbers 

increased steadily until tri.ey reached a maximum at 0200 hours t'l-i.e next 

day and then gra.clually declined again over tl-i.e next 20 hours. Follc:wing 

t'l-i.is they only copulated occasionally at irregular tines . During the 

second experirrent the rroti'1s did not begin copulating until 0300 hours on 

the second day when the proportion copulating increased to a rra.xurn.Jm 

ufter two hours and then fluctuated irregularly over the next 24 hours or 

so (Figure 8. 3 F) • Follc:wing this no moths copulated until 0300 hours on 

the thi.PJ day when one p'1ir were found to do so for about un hour. Tne 

first experinent, perfonred under the same light intensity as that in 

which the rroths were reared, sho;,.,ed that the moths' mating activity was 

possibly influenced by a circadian rhythm, while the higher thun nannal 

light intensity during the secon:l experirrBnt probably inhibited raating 

and caused the observed delay. HCMTever, no further investir:i;ations were 

carried out on endogenous rhyt:hrrE although these experinents did 

Jerronstrate that it was essential to keep the rrot,s under constant 

inotoperioo. conditions for behavioural exper:i..roonts. 

Fie Zd -trapping e;cperiments 

When the LJboratory experinents Jesc:ribed above had been 

completed a study of the diurnal sexual activity of the moths in the 

field was undertclcen to investigate whether their behaviour under 

natural conditions was similar to that observed in the lc:ilioratory. It 

was, however, ili.fficult to find many moths in the field and cllso 

difficult to observe their sexual behaviour and therefore an indication 

of their diurnal sexual activity was obtained by studying their arTiv.:il 
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patterns to sticky traps baited with live virgin moths 01~ their extracts. 

Initially, three sticky traps were constructed and tested in 

the field to find if they were effective. Two of these traps ,;-,ere each 

baited with 10 live females and the other was baited with 10 fema.les 

crushed between two pieces of filter paper. All three traps were then 

placed in a potato patch on the evening of 13th April, 1972 and 

collected the foll~ing day. The two sticky traps beited with live 

females were found to contain 20 and 25 rrale moths respectively and no 

female moths, while the trap baited with crushed females caught no moths 

at all ( Table 8 .1) . T.ne sticky traps were therefore shown to snare moths 

and so a further 6 were constructed. 

The next day all 9 sticky traps were usoo to check that 

female rroths only attracted males in the field and that ferrales were not 

attracted by males or females. Three of the sticky traps were t."'1erefore 

each baited with 7 live males between 1 an.cl 2 days old, three were each 

baited with 7 live females of a similar age and the remaining three were 

left blank. The traps were then set in the potato patch before dusk arrl 

examined periodically during the night. 

The results of this experi.rnent (Table 8. 2) sho;,.,ed that no 

moths were caught in the male baited traps and no females were caught in 

any of the others whereas a total of 48 males were caught in the three 

fenale baited traps and two males were caught in the blank traps. In 

addition, it also appeared that most of these males were caught soon 

after dark although same were also caught later in the night or in the 

norning. On analysis the female baited traps were found to be signif i­

cantly more attractive than eitrier the rrale baited traps or the blanks 

(P<0.05) whereas the catches of male baited traps and blanks were not 

significantly different £ran each other. This therefore conf irnBd the 

laboratory studies in Chapter 9 which shawed that female moths were only 

attr'acti ve to rrales and that males were not attractive. It was, hcwever, 

difficult and time consuming identifying the sex of every rroth snared in 

the sticky traps because they becarre entangled in the adhesive. 

'Therefore, in subsequent exper~nts no attempt was IIEde to do this and 

all the trapped moths were considered to be males. 

The sticky traps were ne>,.'t used on 4 separate occasions to 

determine t.l-ie arri vc1..l patterns of male moths to live virgin females. 

In each of these experiments three of the traps were aJways left blank. 



TABLE 8.1 

Numba:-s of male ard. female moths caught in 3 sticky traps containing 
samples of 10 live er 10 Ct"'ushoo females. 

The tra~ wa:-e set in the field at 0635 hrurs on 13/4/72 
arrl. collectoo at 0845 hours on 14/4/72. 

Sample 10 live 10 live 10 crushed 
in trap females females females 

No. of males 20 25 0 caught 

No. of females 0 0 0 caught 

TABLE 8.2 

Numba:-s of male moths caught in sticky traps during different times 
ova:- a two day pet'iai. 
The sticky traps containoo ei thee' 7 live males, er 7 live females, 
er were left empty as blanks. 

The traps were set rut at 0630 ho...tr's on 15/4/72. 
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Hcwever, 7 females between 1 and 3 days old were used to bait each of 

tl-ie other 6 traps in the first two experimmts, and three females of 

a similar age were used to bait each of these traps in the last two 

experiments. The traps were placed in the potato patch and examined at 

intervals over one or rrore days. 

The individual trap catches for these 4 experirrents are given 

in Appemix 2 .14, ill1.d th-3 individual catches par hour of both blank and 

baited traps are given in Figure 8.5. 

In the first experiment on 17th and 18th April, 1972 no moths 

were caught in any of ti'l.c blank traps and only two were caught in the 

baited traps during the first night; one between 0200 hoUl'.'S and 0400 

hours, and one betvJeen 0600 hours and 0800 hours. I·Icwever, the 

temperature was nostly bela., 10°c during the entire night and this 

p::>ssibly accounted for the la-J catches. The traP5 were then left until 

1900 hrurs the follcwing night when 5 rrore rroths were fourrl in the 

female baited traps and it was possible that these moths had been caught 

during the daytinE when t11e temperature was high. 

In the secorrl exper.irrEnt on 20th and 21st April, 1972 most of 

the rroths were caught in the mornings when tt-ie temperatut'e was above 10°c 

and only two rroths were caught during the two hour period over dusk when 

the temperature fell bela-J 10°c. Hcwever, 19 were caught later in the 

night when the temperature rose above 10°c. This experiment therefore 

canfirned that attraction of males to f~es was inhibited at 

temperatures laver than 

possibly attraction was 

above 10°c. 

0 about 10 C, and the results also suggested that 

stinn..ilated again when the temperature rose 

On the last two occasions when the sticky traps were set out 

an 24th to 26th Februar-y and 27th to 29th February, 1973 the temperature 

stayed above 10°c except for short periods at the ends of the nights. 

Most of the rroths were also caught in the fernaL~ baited traps during the 

first two hours or so of darkness while few were caught at other tirres 

during the nights. The numbers caught did, hcwever, increase slightly at 

the end of the nights or during the dawns but the incr.aases when the 

temperatures rose above 10°c were only slight ccmpared with those 

observed previously. It therefore appeared likely that big catd1es at 

dawn probably only occurred if the moths had been inhibited from being 

attracted to fema.l~s at the begirming of the ni~t. In addi tian, this 
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Figure 8.5 

The arrival pattern of P. operaul,el,l,a 
to sticky traps baited with live virgin 
feJnales 
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increase in the numbers caught on 25th February occurred betwer\n 

temperatures of s0 c and 10°c so that inhibition probably occurred just 

belo..v 10°c. Apart from the moths caught at dawn only two others were 

caught in baited traµ; during the daytine between 12 30 hours und 1600 

hOJrS on 25th February and no moths were caught in any blank traps 

between 24th to 26th February, wlrile a total of 9 were caught in them 

between 27th to 29tl1 February. Hc:wever, 8 of tl1ese were caught during fue 

2 hour period at the beginnings of the nights and one wu.S cuught at dawn 

indicating that the moths wen~ also most active at these t:i.rres . 

'Ihese exp;:;rir.n,:;nts canfirrred the findings of the previous 

laboratory exper.irrents when the temperatul"B was above s 0 c to 10°c, and 

shewed that at t~ratures belc:w this attraction was inhibi tcd. Hewever, 

fue labaratCJt'Y exper.irn:mts shewed that ma.ting still occurred at lcw 

te:m:p3raturcs and therefor-2 this in.in.bitory effect was probably the result 

of fue moths not flying belc:w s0 c to 10°c. 

It was pcssibl\;! that the arrival patterns of moms in ti'1e 

previous experiments Here influenced by tw·o behavioural factors since 

livG ferrales were used as the baits ir1 the traps. The fencles mi@:lt have 

def irri te periods v1hen they are attractive and the males mig;.1t lli~ewise 

respond to the ferrules at def irri te tines. If this is the case then fue 

observed behaviour occurs when these periods overlap-~d. J;1~ :::.oot 

exper:i.rrent was theref01-ie p2.rfarn'Bd on 20th to 23rd March, 1973 using 

extract-s of virgin females as bait in the sticky traps to determine when 

the males were sexually responsive. In this experinLilt three traps were 

each baited with 100 µl of chlaroform extract containing the equivalent 

of 10 females, three more traps were each baited with three live virgin 

female moths between 1 and 3 days old, and th.e :remaining traps were left 

bL:mk. The traps were then placed in the potato patch at 1700 hours on 

20th Mard1 and examined at intervals afterwards. Also, the live female 

baited traps we1-ie rer.roved at 2 315 hours on 21st March but fue extract 

baited traps and the blanks were left for a further 31 hoUI'S to check-•. 

whether the extract lest its attractancy over this period. 

'Ihe temp:"--Y'ature stayed above 11°c during the pericxl when the 

female baited traps were set in fue field and tl1e arrival pattern of 

m:rths to them was similar to tl1ooe in the previous two exper:i.rrents with 

maximum catches occurring soon after dark and with smaller nunibers being 

caught at other ti.nes dw:1ing the night and in tl1e morning (Figure 8.6). 
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Figure 8.6 

The arrival pattern of P. opercuZetZ-a to 
sticky traps baited with live virgin 
females and chlarofClt'Ill extracts of them 
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The arrival pattern of moths to the extract baited traps, ha.-1ever, 

differed frcm these; the rnax:i.num numbers of moths were still caug):1t 
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at approximately the same tines as they were caught in the female baited 

traps, i.e. at the beginning of the night and in the nor:ning ( Figure 6. 6 

B) but they started being caught in the extract baited traps one to two 

hours before they were caught in the female baited traps at night and 

they were also caught during roost of the daylir):1t hours. It was also 

apparent that the extract baited traps became progr'essi vely less 

attractive during the trapping pericxi, probably because th~ attru.ctant 

1.Jc1S gr-adlli:llly lost. Th.lring the first 13 hwr trapping period, between 

1700 hours and 0800 how.-s, a meu.n of 12. 7 m:iths were tn:i.pped per trap 

P2r' hour while a mean of only 2. 5 moths per tr.:1p per hour Wet"<:: caught 

during the same period the follcwing night. In addition, the IIEan 

catches per trap per hour during t.11e 2 4- hour pericxis from 0800 hours to 

0800 hours were 6.88, 2.28, and 2.01 respectively over the three days 

rot counting the roths tha.t would have been caught during the 9 hours 

before the traps were set. It was also possible that the large numbers 

of rroths caught during this experirrent si¢ficantly lcwered the number 

of moths left in the potato field so that catches later on were laver 

th2.11 if the population had been undisturbed, cJnd t.1.erefore the numbers of 

mJths caught during this experirrent are considered to give only an 

3.ppt'oxbnate in:iication of the relative responsiveness of the males to the 

f anale attractcJnt. 
The results of this experir.rent, therefore, demonstrated that 

males reach their peak responsiveness to females at about the same tin-es 

.JS live females release their attractant. Hc,;,.,ever, the males were 

capuble of being attract0d to females at any ti.me during the day and 

since this did not occur when live fem:i.les were used the conclusion was 

reached that ferrules control the release of their attracturit and are 

responsible for non-attraction occurring during rrost of the daylight hours. 

In this last experirrent, fewer moths were snc::ired in the blank 

traps than in any of the other baited traps (Figure 8.6) and most of 

triese we:re caught at the beginning of the ni£;hts whereas only a few were 

cauE:71t during the rest of the nights or during the dawns. These results, 

t"'.erefore, confinred those of the previous experirrent and demonstrated 

that the moths flew rrostly at the beginning of the night when the 
O f th • temperatur'e was above abcut 10 C although soire also lew at o er tllr.as 
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during the night, and that there was a small increase in flie;h.t activity 
at the end of the night or at dawn. 

Laboratory experiments involving temperature changes 

The results of ~do of these field trapping eh"Pffi"'ilrents 

indicated tlk.7.t the m:::rths would mate when the temperature rose if they 

were prevented fra..i mating at their nornul. times by low tempera.tures 

and therefore this was investigated further in the laboratory. It was 

hoped that ·fois investigation would provide a method far allowing the 

:rroths to be observed :m2.tine; during the daytirre. A series of eX[€rbrents 

was t"J-ierefor2 performad in which equal numbers of virgin rrnl.e am ferrale 

moths, 1 to 3 days old, were photogr'aphed at intervals when placed 

together in the observation chambi;;r and kept at between o0 c and 1°c in 

a refrigerated roan for various lengths of tii""IE. They were then 

transferred to another roan with a temperature between 20°c am. 22°c. 

The tines when the temperature change was ma.de in each experbrent are 

given in Figure 8. 7 toe;ether with the resulting copulatory patterns of 

the noths. 

Few of the rroths were fcund to copulu.te when the temperature 

was belc:w 1°c except in the last e:x:perirrent when up to 20% of the rroths 

copulated ( Figure 8 . 7 K) . In this case it was likely that the insulating 

polystyrene fo<Jin box hud not been correctly positioned over the 

observation chamber and tnis h,7.d allowed the tem:r,arature inside to 

fluctuate enough far some of the moths to copulate. When a trcJ11Sfer was 

nude, it usually took approx:i..mJ.tely 15 minutes for the temperature inside 

the observation chumbor to change and soon after this there was always an 

increase in the proportion of moths that copulated. A maximum of between 

37% and 45% of the moths were found to copulate within 1 to 2 hours after 

the temperature change if this occurred 3. 5 hours before or after dark on 

the first or second nie;hts, an::i when the lights turned on after, the first 

night or an hour .:.iftGr this (Figures 8. 7 A, C, D, E, G, I). However a 

rnaxim.un of only about 20% of the m:rths were found to copulate during trie 

same period of ~.JJIE if th(;;; temperature d1ange occUl"'I"'ed when the lie,its 

turned rut on the first and second nights or when the lights turned on 

after the second nieht or 4 hours after this ( Figures 8 . 7 B, H, J) • In 

addition, less than 10% of the noths copulated when the temperature 

change occurred three hcurs after the li3hts turned on after tl1e first 
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Figure 8.7 

The effects en the copulatory behaviour of 
P. opercu.l.el,1-a of a rise in temperature 
above a pr-eviously inhibitor"J level at 
different tines of the day 

Numbers of pairs of moths used: 
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nigi'1t ( Figure 8. 7 K) . The moths also shaved similar copulatory patterns 

when the temperature changes occurred at the sane tines on the first and 

secon:i days, showing that it was unlikely that these observa-t.ion.s were 

chance extremes and that once the moths had been cooled their subsequent 

behaviour was not affected :rruch by the periods of t:i.ne they were kept 

cold. Since the results of the last experiment were questionable, it 

therefore folla-m that the results of the 6th experirrent (Figure 8. 7 F) , 

in which the temperature change occurred three hours after the lights 

turned on were not conf irnro. Nevert.'leless, such a lcw percentage of 

moths copulated when the temperature changed three hcx.irs after the 

lights turned on that it was unlikely many would ever do so at t..'1is tine. 

This investigation therefore demonstrated that if the rroths had been 

prevented from mating by low temperatures many of them would copulate 

when the temperatures rose at rrost times during the day, wi t'1 the 

exception that few would copulate if the temperature change occurred at 

the 'start of the night or in the middle of the day. 

Nine of the above laboratory experiments were continued into 

the night follcwing the temperature rise an:i these showed that most of 

the iroths which did not copulate in the period i.rn'red.iately folla-1ing the 

terrq,erature change did so at the nClt'Illal ti.Ires during the follGJ'ing night 

and morning. 

Mating behal)iour 

Female moths seldan move just before copulation and they 

appeared to be attractive to the males who searched far them and 

perfarrred characteristic sexual displays before copulating. Occasionally 

a male was also observed to copulate with a female which ran or walked 

close by whilst he was searching for another female, but this only 

occurred if the female stopped after the rrale had intercepted her. 

Before copulation attractive females are normally fmmd in a 

resting posture with legs and wings close to the body and with antennae 

directed back.wartls . Only occasionally are they seen in an alert 

posture with legs splayed out and with their antennae held anterio­

laterally. In this latter position the antennae are waved dorso-ventrally 

at a rate of 5 to 10 beats per second; the antennae on either side of 

the head being roved in opposita directions with short pauses at the top 

and bottom of each stroke. H~ever, both these pcstures are also 
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adopted by males and nan-attractive female moths, arrl the only character­

istic which distinguishes attractive females is that their ovipositar'S 

are usually extended so that up to half tl-ieir lengths project frorr, the. 

tips of the abdomens (Figures 3. 8 B, C). ThG ov~ posi tors arc not visible 

when the rroths are examined dorsally and they can only be seen if the 

females a..-ne stan:ling on glass or p.:;rspex arrl al:'e examined frum underneath. 

Ea.ch attractive female also fully extends her ovipcsitor at intervals and 

expands its mid region before partially withdrawing it again. Soneti.n:es 

the female also bends her ovipcsitor ventrally at the junction of its 

9t11 and 10th abdominal segrrents before withdrawing it, and in this 

pJSi tian it is usually :p:ssible to see that the dar'Sal intersegrrental 

rrernbrane between the 9th and 10th segments is dilated dar'Sally into a 

pad with an approximately hemispherical shape. Each canplete extension 

and withdriawal movement of the ovipcsitor is usually accanplished within 

one second, and nust females perform these movenEnts up to about 4 tirrEs 

within a pericrl of 10 seconds . Sarre of the females which eventually 

copulated were, ha,;ever, never observed to move their ovipcsi tors but 

only left them half extended. 

Male m::rths usually approach attractive females by either' 

flying to within about 0.25m of them and running the rest of the way, ar>, 

if they are already within cJbout O. 5m or so of them, by running only. 

Occasionally a rrale was observed to begin flying or running tc:wards a 

female from a resting position and then he either started ir.rnrediately 

fran the resting postl..17'."'e or else he first took up the ulert posture as 

described above for a female and waved his antennae about. Hc:wever, 

because of the rapidity of the antennal movements it was not pcssible to 

decide from observation whetl.1er a ma.le in the a.lert pcsture beat his 

antennae any faster than narnally when about to move tcwards a female~ 

When males were observed to fly to.vards fem:1.les in the 

laboratory each follo.ved a rrore or less direct flight path which gently 

zigzagged from one side to the other on an approximately horizontal 

plane. Usually the ma.les also a.lighted close by the females without 

flying about near them. In the field, hc:wever, ti11e only males observed 

flying tcwanls females were those seen approaching females in sticky 

traps in the mornings . They flew s lcw ly up,vind tc:wards traps , 

constantly facing into the wind, and going alternately from one side to 

the other over a total distance of up to 10cm. These ma.les also 





Fi&HE; 8.8 

Photogr>aphs of mating in P. opercu le ll,a 

A. A male waving its antennae in the alert r:osture 

B. A female in the resting posture with its oviposi tor extended. 

C. A pair of coµilating noths together with a male and a f e.male 

in the resting posture. Note also that the resting female 

has its ovipooitar extended. 

D. A cop.ilating pair. 

E and F. A pheranane stimulated male beating its wings whilst 

running about with its abdcmen curved dorsally, and 

its caremata arrl genitalia splayed cut. 

G. A male with hairpencil extended approaching an attractive 
female. 
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frequently alighted on vegetation i.11 their flight path and rested or ran 

abrut at intervals for a few seconds before continuing to fly. As they 

appr>oo.ched within dbout O. 25m or so of thG sticky traps the amplitude of 

their side to side flight moveHents tended to dec..."'"'ease progrBssively an::l 

they usually alig.rited on or very clcse to the sticky traps before 

running into them und becoming snared. 

The running behaviour of a male approaching a fel7lal.c c.11.anga; 

as he coims nearer to her: initially he runs in mar>e or less straight 

lines with f e-w changes in direction but the frequency of his turning 

movements increases the nearer he gets to the female lll1til when he is 

within 5cm or so of her he al.rrost continuously turns in curves and 

spirals with radii of about O. 5 to 2cm. He then begins to di3play the 

first distinctive behu.vic:ur pattern of rrating referred to here as t1i.e 

"fluttering dance". Up W1til the performance of this it is irnpossiblo 

to determine wit'-1 certainty if the male is responding to a female or not, 

because males perforr.n all the other behavioural patterns when fer.rues 

are not present. Hc:wever, the behaviour described bela-; was mly 

observed when a male was clcse to a female. During the fluttering dance 

the IIE.le continues to run about in curves and spirals as he does before­

hand but he beats his wings rapidly as if he were flying., moving them 

over a wide arc so that they a.J.Jnost meet dorsally. At the Sill'tB t:i.ne he 

curves the end of his 3bdanen dorsally and O!):!nB out the large scales of 

the corerrata. (Figures 8 .9 E, F). Sorreti.m3s the male alternates short 

periods of running with periods of the fluttering dance, but usually he 

perfarrrs the fluttering dance continuously until his circlin8 movements 

bring him within one or two rent:i.rrBtros of the female. At t11is distance 

he folds his forewings slightly posteriarily over his hindwings, while 

still continuing to beat them, and opens out the two tufts of long thin 

scent scales fran their <ll1terio-dorsal pockets on his hind-lings 

(described in Chapter 10). Wh1c..m extended the scales of each hci.rp:!ncil 

radiate out from their attachnents to the wing and form a hemispherical 

brush (Fi~ 8 .9 A, B). Eventucllly, when the male contacts the female, 

he usually moves sideways or turns until he is :{X)Steriari to and slightly 

to one side of her. He then twists his abc.lam=m to ti1i.e side nearest the 

female so that its tip is directed laterally (Figl.ll'"D 8 .9 E) and often 

slightly anteriorly. Fram this position the male moves forward along­

side the feJn;1.l8 so that his alxlarEn passes under her wings and he usually 
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Figure 8.9 

Photographs of mating in P. operauz.e Ua 

A. A male approaching an attractive female. 

The male has temporarily folded his wings but his hairpencils 

are still extended. He has also bent his alxiaren tCJ;Jards the 

right where it is hidden by the wings (c.f. Figure 8 .9C). 

B. A male appr-oaching an attractive female. 

The male has bent his al:xiaren to the right as in Figure 8 • 9A, 

but he is still beating his wings . His hindwings have been 

slid back over his forewings and his hairpencils are extended. 

C. A pheronone stimulated nale approaching two fem3.les. 

'The male's hairpencils are extended and he is beooing his 

abdaren to the left and also beginning to extend his left wings 

in preparatian to adopting the pcsture sham in Figure 8.9D. 

D. A male attempting to copulate with a copulating pair. 

Note that his left wings are extended over the back of ane of 

the copulating rwths and that his hairpencils are still exterrled. 

E. A ventral view of a male approaching an attractive female. 

Note that his abdaren is curved tCJ;Jan:ls the side nearest the 

female, and that his hairpencils are extended. 

F • Two pairs of copula.ting moths, one of which has just started 

copulating. The male of the latter pair has hairpencils extended 

and abdaren bent into a "C" prior to thrusting it tc:warcl the 
female. 



A B 

C D 

E 
F 



312. 

moves it about, so:meti.nes by moving his whole ba:ly, until his genitalic.1 
contact the en:i of th fenul ' cl), ~. • e - e s u.omen. \VJ. ulc the male is moving 
alon3Side tl-ie f ernale, h~ a] so stops beatin~ his wings and particJ.lly folds 

them, but he still usu.:i.lly h:;cives his hai..rpenci2..s extern.led ( Figures 8 • 8 

G; 8 • 9 A) • In aJ.di tion, when h1J has posi tionoo hirrself u.longsid-2 thG 

female he 1=xteru.J.s the pair cf wings nearest to her so that they 30 over 

her back anJ touch it ( fi0,.lr'G 8 . 9 D) . As soon as the nrue' s genitalia 

contact the 8Il.d of the female's abdor"1.:m he fastens them on illld then he 

usually (;xecutes one or two quick thrusting movements by bending his 

abdaren into .J. ., C, ( Fi81,Jr'e 8. 9 F) aru.l subsequently pushinz. it tcw~irJs the 

female. Once the ncle is copulating fin,11.y h0 stra.ie;htens out his body 

so that he is f .::i.cing in tl-ie oppos i t8 direction to the fer.rue (Fi8LL-""e 8 . 8 

C, D) and at t'1e SLlI!l.2 ti.riE he also usually shuffles his win3s to fold 

them properly. Sa:k:;t~s, when a male is unsuccessful in his fir.st 

attanpt to copulate, he eithGr backs to his fanrer position posterio­

laterally to the f ema.le arrl m:)Ves ta-mrds her once more, or> else he novcs 

away and begins his flutterine dance ae;a.L"l. 

Males respon:ling to attractive females also try to copulate 

with any other moths they contact includine other males, but only once 

were two males ever found copulating with each other. These were 

discovered at the enJ of CL bioassay (Chc1pter 9) after both had entered 

a trap in response to tile ex.lour from two squashed f ernales . However, 

they never succeeded in sepc..ru.ting; one clie::l after two days and was 

then curried around for a further two Jays until the other also died. 

Mill.es we:re also frequently cbsaved trying to copulate with ferrules 

which were a.lrealy copulating ( Fieure 8 . 9 D) but they were never 

observed to be successful. Hcwever, they displ.:i.yed all the nonml 

mating behaviour an:l even usually moved their abdomens about in the 

vicinity of the f erna.les ' ,:ibdomens once they hud closed with them, rather 

than near the heads of tl-ie copulating moths (Figure 8.9 D). 

The ID:J.ting behaviour of the rrale moths described above is 

perfol:"'lmd fcirly rapidly .:incl usually takes between 2 and 5 secon:is from 

the tiJne they beein their fluttering d::mce to the t~ they copulate. 

Hcwever, on occasions this can be canpleted within one second or take up 

to about 30 secon.1s. In addition, male moths also often try to copulate 

with paired moths for periods of up to about 5 minutes althcugh this is 

done intermittently, each attempt seldun lasting more than about 15 to 

30 secon<ls. 



The rol,e of the hairpenail, organs and the antennae during mating 

At .:l.ttempt was rrede to clem:.)nstr.:ite the role of the nru.1; 

hairpencil organs in courtship by rem::)Vin13 them and subsequently 

<:)bserving what effect this h.:!d on their rrnting bl:..ha.viour. Nineteen 
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pa.i.rs of male moths aged between 1 and 3 days were used for this 

experim2.nt. Ea.ch p,:ri.r wua a.n:i.esthetised with cc:irbun dioxide, anJ one 

IIOth was then kept as .:i control while the h:indwings wero dissected off 

the other. H< .. wever, dissection without damaging the rest of the m:.ith 

pr:ioved difficult because the insects were sncll ;J.11U their scales made 

them slippery. These difficulties alsu resulted in the operations often 

taking S or n.LJre mi.nut.as during which the effects of the anaesthetic 

frequently War',;; ;Jff. \J'nen this occurred both the control muth arrl tl1e 

.. me being dissected were u:naesthetised again. Overall, only tl~e 

amp..1tatL .. lI1S were cvnsidered tu be satisfactory and the moths which were 

successfully operated on were kept together with the contruls until the 

follcwing night when tl1ey were placed in a refrigerator at 4°C. The 

next m.Jrning they were transferred to an observation chamber at room 

temperature cJI1J 12 f errales, 1 to 3 days old, which hcJi.l also been held m 

tl1e refrigerator overnight, w.are aJ.ded. These f ema.les began extending 

their ovipcsi tvrs as they warmad up, a.'1.d t"rle nales began re.-:c1cting to them. 

'.;:'he three control rrale moths copulated within 2, 3 and 5 minutes of me 

females being introJuced, while the ones wimout hindwings performed all 

me usual precupulatury behaviour pa.tterns, including flutterine and 

partially fuliling their far'ewings. .H:;-wever, whenever one touchell a 

female or placeu his wing w her back, me female usually moved ZJMay a 

f-2.w paces at' ran away s0 that the m.:.J.e W<JS unuble to o;Jpulate. These 

nules frequently attempted cupulation until they lest the fer.rule and tl-ien 

mey often rBsteJ for a periu.:l before starting tc search f0r others. All 

three amput:.1.ted rrules clicl eventually copulate after 15, 16 and 25 minutes 

res:pectively, unu ·eris was significuntly longer (P < 0.005) man nonn.cil. 

rrales took. This e~r.iment therefcre in.licated that me hindwings wey,.c~ 

involved in subJuing me escape :rec1ction of the fem2.les durinc; mating 

and mis was u.ttribute.J to a. pheranonc disJ;Bnsed by the ha.irpencils. 

Another experirrent was perf i..:irmed to find if tl1e rem.:Nal of 

antennae from females had the scJl!E effect as removing tl1e hin0.wings uf 

males. '!he experimental prucedure was the same as tl1at used in the 

tl1e Tnr,ths T-•ere acr,,.,.;,.., aged from 1 to 3 dau~ old. previcus experirrent, an..1 , • ...., w uu..,...,.. 'J-
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Dissections were perforrred until three muths were satisfactorily operated 

on an<.l t'l.en these rruths, together with their resr:ective rontrols, were 

kept overnight in a refrigerat(>r at 4°c anrJ intr:xluced into the _ibservat­

ion cage together wi t'1. 12 males lll the mcrru.ng. On this oceu.sion the 

three control ferrules copulated within 3, 4, mJ 4 minutes cf being 

placeJ with the males while t11ose withcut nntennae shewed similar esca~ 

behavic:ur to females being c,JurteJ by males la.eking hinJw-ings . Tney 

copulated after 2 , 8 anJ. 15 minutes but these tines were net significantly 

different from those of normal nuths. Hcwever, t'l.e sample was small and 

the behaviour 0f these females supported the hyp::>thesis that amputaticn 

of the males' hindwings depr>ived m:1les of .:i. pherornune organ. It iJ.lsu 

indicated that soma recepturn for this p..l-ierrn10ne were located en the 

females' antennae. 

lastly, an experi.mant was 

depriving males' of their antennae. 

procedure was f0lla-1ed with moths of 

parfc.:Jrm3d to determine the effect of 

A8ain, the same experirrental 

1 to 3 days old. Three males whcse 

antennae had been rerroved were used with three controls and l~ 

females . 'Ihis ti.ma the males lacking antennae we-,:e not observed to shew 

any rrating behavia.ir within one huur 0f being placed with the females, 

whereas the runtrcl males (X)pulated after 1, 3 and 4 minutes. 'This 

indicated that in the male, the only receptors for the f em?...lc sex 

pheromune are locateJ on the antennae. 

Discussion 

l·1ati....7.g in moths , as in all insects, may be influenced ':Jy a 

number of factors including the r,hysiological var>iables of age of the 

individual, mating history, :previc:u.s exposure to the sex pheranone, time 

of day, and circadian rhyt1mci ty; together wi t1i. environnkJnta.l variables 

such as light intensity, teri1.perature, v1ind speed, and host sul;,strate 

( e . g. J acabson, 19 72 ; Bird1, EJ 71 ~) • The i.i--nportance of sor;ie of these 

factors in relation to r.iating in P. operauleUa has na.J been det~rmined, 

t th'°"..,., w1.· th th,_,. cond.1.· ti.· ons ur--1'-'""' -..7!1~ ch tr·· 1is s1:>ecies mates. 0~ ~ - • u~ •• ~ -

The t-tme of day vhen matin(l occurs 

'.ih~ time of day :-Jl1e.I1 ?. operau'leUa is sexually active has 

been investigated in the present study both in tl-ie field, by determining 

the periodicity of r:iale attraction to virgin females in sticky traps; 
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and in the lalx:>ratol"Y, by determining the diurnal pattern of copulation. 

The conclusions as to when mating occ1..lr8 are in close accord, and 

therefore the diurnal periodicity of sexual activity in P. operculeUa 

can new be considered as fairly well es·tablished. 

Sexual activity in P. operauLeUa is greatly influenced by 

temperature, but sinee most of the adults of this species occur in the 

field in New Zeal.and from late spring, tlu:>ough summer an:l into mid 

autumn, they will usually experienc-e evening temperatures higher than 

about 10° to 15°C. Under these conditions most mating activity occurs 

during the first ha..ir of darkness and drops rapidly during the second 

ha..ir to a very loo level for the rest of the night. At dawn there is a 

small increase in mating activity far one or possibly two hours but after 

this the moths rarBly mate again until the next evening. Mating also 

occurs at definite ti.mas of the day in other moths but varies depending 

on the species. For ex.ample it occurs in the late afternoon or early 

evening in C'horistoneura fumiferana (Clemens) (Sarrlers, 1971; Sanders 

and Lllcu:i.k, 1972), La.speyresia pomonetta (L.) (Wong, Cleveland, and 

Ra.lson, 1971), Diatraea sacoharalis (Fabr.) (Walker, 1965), and PZatynota 

stuttana Walsingham (AliNiazee and Stafford, 1971); in the middle of the 

night in Desmia funeratis (Hubner) (AliNiazee and Stafford, 1973); in 

the latter part of the night in Dioryctria abiete tla (Denis & 

Schifferrnu.ller) (Fatzinger and Ascher, 1971), Hetiothis virescens Fabr. 

(Gentry, Lawson, and Hoffman, 1964), and Manduoa sexta (Jchan."'1Son) 

(Allen and Hodge, 1955); or in the early morning in llyphantria cunea 

Dr:'llry (Hidaka, 1972). 

The timing of ~ting behaviour in I..epidoptera is also 

frequently reflected in the timing of ma.le flight. Hany moths apparently 

exhibit differences in the timing of nocturnal flisht activity amongst 

the sexes (Williams, 19 35 , 19 39; Beck, 19 68) and the peak flights of 

rrales of a rrur.aber of species occur near the ti.Ire when mating is known to 

occur (Graham, Glick, and Martin, 1964; Su.ario, Shorey, and Gaston, 

1970). Edwards (1962), however, has also demonstrated that characteristic 

paaks of male activity in certain I..epidoptera may occur both in the 

presence and absence of females. Hcwever, nothing has been published on 

the flight activity of male and fem:1le P. operauteUa except for 

Rothschild ( 19 72 - 19 7 3) who noted that males pr>edaninated in the catches 

of suction trap:, and gave no other details. Recently Mr S. L. Goldson 
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(Pers. aormn., 1975) hu.S investigated the flight activity in this species 

for an H.Sc. degree (LincoJ.n College) and found that imstly males were 

caught in his suction traps, and that the ma.j ori ty of these were mua71t 

just after the onset of darkness. These results therefore support t>ie 

fin::iings of the present investigation on the timing of rrating in 

P. operau le Ua. 

Variation in mating tine am:>ne;st different moths is a pcssible 

means of aiding repr-cx:luctive isolation between clcsely related sym:patric 

species which use the same female sex phercraone. In same cases this can 

be the rre.jor isolating 1112chanism as reported for the 3 aturniids 

CaUoaamia promethea Drury and Samia cynthia (Drury) by Wilson and 

Bcssert ( 196 3) because the first mates in the afternoon fran aboot 4 

to 6 p.m., and the second does so at night between about 10 p.m. and 

2 a.m. The ti.rre of day when mating occurs has also been sugeested as 

being at least parti.::::.lly responsible for preventinz cress natings in 

sooe species of the HoZomeUn,a complex (Arctiidae) which use the saire 

female ph6.l.--anone (Roelofs and Ca..vxle, 1971), and in three species of 

Plusiinae which also share a conmon female :{:heromone (Kaae, Shor2y, 

McFarland, and Gc:iston, 1973). In addition, the sympatric ~ambinids 

Agriphila plurribifimbriella Dyar and Crambus harpipterus Dyar, which 

mate in the early and late part of the night respectively, rray be 

temporally isolated but it is net kna-m if they use the s<Jme sex 

pheranone (Krehoff, 19 74). 

In the present study the field experiment wit~ sticky tr.:i.ps 

containing live virgin f em::i.le moths and crude extracts of female 

pheranone clearly indicated that in P. opercuZeUa the tirre of day when 

ma.ting occurs is determined pr-ir.Erily by the female releasing her sex 

pheranone. The males on the other hand have a very broad ti.Ire perio::i 

over which they will react to the pheromone but even so their responses 

reach maxim:t just after dusk and dawn, and t'lese therefore coincide 

with the tines when the females becone attractive. 

Ccntrol of the ti.HE of mating by the ferncl.e is perhaps to 

l.>e expected since the 1Ttcl.les of meet moths have a very broad period of 

tine when they will respond to the sex attractant and the ferrule 

usually has a narrcw and distinct period when she "mlls" (Carde and 

Roelofs, 1973). The.re are exceptions, havever, and sore moths shew 

the reverse with the female calling for long pericx:ls as for example 
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reported for three species of Hemeroaampa by Grant ct ..l,.,. (:J-75) 

and for Por-thetria dispar (L.) by Carcle, wane, and Roelofs (1974). In 

these cases the tine of mating may be controlled by a periodicity in the 

semal activity of the ma.le rather than the female. .Another exception 

has been reported for Plodia interpunateUa (Hubner) by Brady and 

Smithwick (1968). This species mates at any t:i.rre of day, a.---id no 

rhythmicity could be fcund in either female calling behaviour or male 

response to the sex µieranone. 

It also appears probable that mating in P. opereu "la l, Za is 

partly influenced by an endogenous circadian rhythm because in one 

experl.In3nt virgin moths, when kept on a nonnal photqperiocl and then 

placed together in constant light, mated approximately 24 hours after the 

start of the previous scotophase. Further cxper:L-rentation is, havever, 

required to demonstrate whether or not mating does follav a circadian 

periodicity. 

Considering that a.J.mcst every aspect of the life of an insect 

may be influenced by a circadian rhythm (Beck, 1968), then the suggestion 

that mating behaviour in P. operau l,e Z l,a is also urrler the influence of 

one seems quite reasonable. Fu...vitherrnore, such an influence on mating 

has been demonstrated in every moth where this has been investigated, 

except for P. interpunateUa (Hubner) (Brady and Smithwick, 1968) which 

mates at any ti.Ire of the day or night. Ce.lling behaviour of the female 

Anagast.:. kuhnieUa (Zeller) has been reported to follav a circadian 

rhythm by Traynier (1970), an:i strongly µ1.otoperiocl entrained circadian 

rhythms of pheromone release have been repai...,ted. for HolomeUna irrmaaulata 

(Reakirt) by Carde and Roelofs (1973), Tz>iahoplusia ni (Hubner) by Sewer, 

Shorey, and Gaston (1970, 1971), and for D. abieteUa by Fatzinger (1973). 

The nale P. opel'au l,e Z 7,,a may, hcwever, also shew a circadian pericxiici ty 

of response to the female sex pheranane because this has been demonstrated 

in the male A. kuhnieUa by Traynier (1970), and :L"1 Autographa oaUfo:rnica 

(Speyer), H. -viresaenB, Spodoptera exigua (Hubner) and T. ni by Shorey 

arrl Gaston 1965.) 

The effects of light and temperature on mating aativity 

Toe female periodicity in T. ni is entrained by a lights-on 

st.irnulus (Saver et at., 1971), and this may also be the important factor 

in entraining the female rhythm in C. fwrri ferana ( Sanders and Lucu:iJ< , 19 72) • 
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In oontrast, Cardi (1J74) 1'e:x:-1"'"ts t1a:t -c:11:; cr'i-1.:~~cal cue~ .fol' 

initiating calling behaviour in H. irronaoul-ata is lights-off and. a 

decrease in temperati.J.rB. The la:tter signal also overrides the ~parent 

inhibitory effect of constant light. 

In the present study light and temperature h2.ve also both 

been shewn to be important factors in determining when mating ocOJ.I'S in 

P. operau le lZa. Sexual activity in this species takes place in the 

field in the evening when it is quite dark, and this is supported by the 

results of a laboratory bioassay experinent which indicated that male 

attraction to the pheranone is inhibited by a light intensity between 

1. 0 and O .1 lux ( Chapter 9) . The moths, hc:wever, also mate after dawn 

in the field or after the lights turn on in the laboratory so light is 

not altogether inhibitory. Possibly, in this species, a change in light 

intensity from either day to night, or night to day is the stimulus 

which trigs;ers ma.ting behaviour althoogh the onset of darkness is the 

IIDSt effective of the two. Temperature, hc:wever, has a very important 

modulating ef feet on light change!- In the laboratory under the usual 

photoperiod. at which the moths were reared, progr>essively lc:wer constant 

temperatures decrease the proportion of moths that mate. This is due to 

a reduction in the number that nute at the beg:i.J1ni.ne; of the scotophase 

and not to those that do so at the start of the light perioo., because 

this propat'tioo stays approximately constant from 15°c to s0 c. 

Additional effects of lCNJ ternperatur>es are that SarrB of the rroths begin 

mating before the onset of darkness at temperatures of 1s0 c and belc:w, 

and that the pericxl spent in copulation is increased. In the field, 

on the other hand, male attraction to fen:iales in sticky traps ceases 

sarewhere between 8 tu 10°c apparently because flight is :inhibited at 

temperatures belOtJ this. This is supported by Mr> S. L. Goldson (pers. 

oomm., 1975) who found thdt the lc:wer t..r>es~1old for .fli::;i.1t occ1.n:11.---ed at 

10°c. In additioo, Rothschild (1972-1973) also reported that the catches 

of P. operaulella in sucticn traps and traps baited with virv.n females 

were buth influenced by terni;erature but he gave no details, whereas 

Langford and Cory ( 19 32) rep.Jrted that the adults of this species are 

active flyers between 14.4°C and 15.6°C but that they only crawl at 

11.1°c. These latter authors also noted that mating occurs between 

11.a0 cctn<l 35oc_;while Graf (1917) reported that it uccurs between 1s0 c 

and 18. 3°c. In the present study the moths were fwnd to be capable of 
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mating at all temperatures between 1 to 2°c and 20 to 22°c, c.Llthough 

they rarely did so at the lCNJest of these. 

The field trapping experiments also revealed that a rise in 

temperature st.bnulatoo sexual activity in P. operauleLZa, if the 

tempera:ture fell belcw about 10°c before dusk and rose above this in 

the rrorning. No ten:lency was discovered far the mths to mate while the 

temperature was falling prior to nightfall su that the lc:w level of 

mating activity observe:! at lCM temperatures in the laboratory, was 

possibly a result of the fe.rnale moths being only very slirJ:ltly attractive 

at these times, an:i that this was accentuated by the confined cages in 

which the :rroths were held. wnf innation that cJl1 incriease in temperature. 

st:i.nu.tl.ated mating activity in P. operauZeUa was obtained from the 

laboratory experiments. HCMever, for these experiments the temperature 

had to be lcwered to about 1 to 2°c before mating was sufficiently 

inhibited for the purposes of the investigations and this was presumably 

the temperature which inhibited the males £ram walking to the females . 

These lcw temperatures probably did not adversely affect the m:.rths 

because Langford and Cory (1932) reported that P. operauleUa could be 

exposed tu temperatures as lcw as -8.3°C for several. hours without this 

affecting their ability to lay eggs. 

'Th.e laboratory investigations shcwed that mating activity was 

triggered by a temperature rise if tns oca.Jr'l:'€d about t:h.ree huurs 

before the onset of darkness, during the dark pericxi, and soon after 

the lights switched un, but that it had relatively little effect if it 

ocCLII'Ted in the middle of the light perio::1 or if it ooincided with the 

onset of darkness. In addition, if the temperature rise occurred during 

the dark period then same of the moths also mated later during the 

follcwing lisht perioo. Possibly this accounts for those male m:.iths 

which were uccasivnally attracted to females during the daytine in the 

field. 
In the natural situation, the temperature probubly drops to 

an inhibitory level at sane tirrB during the late afternoon or nigtit and 

the temperature rises again the next m:::irning. The field trapping 

experboonts, hcwever, inclicatecl that such a temperature rise is only 

effective if the IIOths were prevented from m.atins by lCNl temperatures 

during the previws evening, because when the temperatl.lrc drop occurred 

after the ma.ting period then very little attraction was observed when it 
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rose again in the morning. Presumably the adaptive significnnce of this 

behaviourcJ.l response is that it allu;,1s the rroths to rnate J.urine; the 

cooler rrunths 0f the ye.Jr when the temperature only rises above 10°c in 

the dayti.rre. 

In other species of nocturnal moths hifj:l light intensiti'3s are 

gene.rially oon.sidered to be inhibitory to sexual behaviour althouB).1 it 

will occur in high lif)l.t intensities in so:rre circumstances. For example 

Shorey (1966) reported that T. ni will sometines mate in the laboratory 

abovG 0.3 lux, the norrral inhibitory threshold value for this species. 

Havever, cnly a relatively small proportion will Jo so, and they shew 

an inverse correlation with light intensity up t) abo.1t 300 lux. 

Generally, the J!llies of IIDths also have a broad tlll'E period when they are 

responsive tu the female pharc..m,.me, as already m:mtioned, and this period 

frequently extends well into the light perLx:1. For example Bartell and 

Shorey (1969a) reported that ma.le Epiphyas postvittana (WaJker) 

entrained to a 141:lOD photopericx.1 reached their maxirr.um responsiveness 

:fran 2 hcurs bef are until 6 hours after the ,;.:inset of darkness. Other 

examples are cited by J acobs0n ( 19 72) , but no reports were found of 

other moths with similar mating behaviour patterns to P. opercu "le 1, "la 

with r-espect to light. Perhaps the closest was that of Fatzinger (1973) 

'who investigated the effect of a diel li2;.1'1t cycle on the premp..1latory 

behaviour of the phycitinid D. abieteUa. The male is resp~)nsive to the 

female pheromone ncinly during the last 8 hcurs c.,f the scotophase when 

entrained to a 12L: 12D ph0t0perLxl, but alsc sh0t1s another minor peak 

in responsiveness during the first 6 hcurs uf the light peric<l. In the 

ferrale calling mcstly tukes placa during the last 6 or so hours of 

darkness but continues with dirninishine; frequency into the first hour of 

light. Botli. of these observations suggest that c1 small amount of mating 

behaviour may occur in. this species after dawn. It is of further 

interest in this respect, that Fatzinger (1973) f0UDd that the calling 

perio::ls of f enules entrained to a 6L: 6D phutoperiuJ were approx:i.rrutely 

24 hairs apart but ccCI..W!'Bd only in the light periccls, so that light is 

not altogether inhibit:.,ry to Illi;l.ting activity in this species. 

Relatively few studies have been carrieJ out ...n the effects of 

temperature on mating behaviour, and IlE.IlY cf these are concerned only 

with the L:wer threshold for sexual activi°t'J. Shorey (1966) obtained a 

significant correlation between temperature, within the range of 10 to 
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15°C and the percentage of T. ni that mated. He also found that 

inhibition of wing vibration and flight of males exposed to the female 

sex J;herom.one increased within a similar' temperature range and suggested 

that the inhibitory effect of la.J temperature on mating may be 

attributable in part to a reduction in male pheranone responsiveness as 

the temperature decreases fran 15 to 9°c. Male responsiveness to 

virgin females in P. atultana is also influenced very nuch by prevailing 

temperatures according to AliHiazee and Stafford (1972), with the 

threshold fat' stimulation being close to 9. 2°c. These latter authors 

also suggested that possibly this temperature was the one at which male 

flight capacity beCOIIBs very limited. Fat' C. fwniferana, Sanders and 

I.ucui.k (1972) reported that the optimum temperature far mating is 1a0 c, 

althrugh tJ1ese moti"lS will mate readily between 15 and 21+0c. Furthermar>e, 

they noted that even at the lav tem:perature of 9°C sa.ae individuals 

mated but copulation ti.mes increased, being two ti.mes as long at 9°c 

than at 2s0 c. 
Sane influences of c."1-J.anging temperatures on the sexual activity 

of moths have also been reported. Sparks (1963) noted that 10090 mating 

could be attained with Ostr'inia nubiZalia (Hubner) in the laboratory if 

the temperature was vuried fran 31.1°C to 18 .9°C fran day to night, and 

suggested that a decrease in temperature may enhance male resronsiveness 

to the sex J;heranone. Klun ( 1968) found that, in this species, the male 

1-iespansiveness to the pheromone in a bioassay is greater at 20 to 23°c 

than at 21°c. In addition, it is interesting to note that Klun (1968) 

reported that male O. nubi ZaUs were inactivated by cooling to 4°C and 

did not respond to the sex :pheranone when warmed up, although they 

respon:led if kept at 21°c for a further 24 hours. Tnis appears to be 

quite differ,::,-nt fran the situation in P. opePcuZeUa which responds 

aJmost .i.mrre:liately it is warmxl up. 
A number of <3Uthors have reported shifts in mating ti.Ire due to 

temperature. SaJer, et ai. (1971) founcl twt t.1~.; :r:.::;illl tine 

of calling by T. ni f,::males occw."'r'ed 4 hours eat'lier at 18°C QS 

canpared with 24°c, althcugh Im.lch fe-wer mot"I-J.s called at my given time 

at 1s0 c. In other ccJSes the temperature effect cm shift sexual 

activity into the dayti.m3. Correau (1971) reported that attraction by 

ma.le Ay,gyrotaenia veZutinana (Walker) to live fe.nules ctr> synthetic 
0 

pheranane took plaee in mid-afternoon at temperatures la-1er than 15 C, 
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whilst it occurred after sunset at temperatures above 20°c. He also 

found that the females camronced calling at approximately sunset at 20°c, 

and at 2, 4, and 8 hours prior to sunset at 17°c, 1s0 c, and 12°c 

respectively. Sanders and lllcuik (1972) found that in C. fwniferana, the 

tir~ at which 50% of the females called when canpared with the results at 

20°c occurred 1 hour earlier at 1s0 c, 2 hours earlier at 12 .s0 c, and 4 

hours earlier at 11°c. Carcle et al. (197S) fou.1.c. that in P.dispar the res:i;cnse 

of male attraction to synthetic female pheranone in the field occurs 

appr'Oxinutely from sunset to 4 hours after sunset an a warm day and night 

(17-30°C), but carnmnced two hours pr'ior to sunset on a cool day and 

night. Moreover, these shifts took pla0:; even if the temperature was 

decreased one hour prior to normal lights-off, indicating that long term 

temperature ccnditianing is not necessary far' temperature-induced changes 

in the callin2 rhytll,ffi. These latter authors also found that at constant 

15 °c initiation of calling by the fem::1le occurred appr'oxirrately two hours 

earlier than at 24°c in either a 16L:8D, or 12L:12D photopericx:l reg:i.ne. 

A temperature decrease, hcwever, can mcx:lify to soma extent the initiatian 

of calling within the diel cycle for this species and can indure calling 

during a photophase, apparently acting in a manner similar to the lights­

of f cue. A similar effect was reported to occur in Ccuira cautell,a 

Walker by Hagstrum and Tomblin (1973) etl.though in this instance it was 

ovipositicn that was stimulated by the fall in temperature and acting 

like the lights-off cue. They concluded that it is "not unreascnable to 

suppose that an insect should respond t:::i both temperature and light, 

since in many natural situations the midpoint in the falling portion of 

the temparature cycle typically occurs at about the sarre times as onset 

of darkness". Generally, hcwever, temperature has been found to have 

little effect an the peria:l.icity of rhythms althOU[Y1 it has been fotmd 

to influence activity, eclosion, oviposition, pupation, and diapause in 

at least 15 species of insects . Of these i;hase-setting influences of 

temperature on endogenous rhythrrs have been reviewed by Beck ( 19 68) , and 

the publications concerning the influence of thermoperiod. on the timing 

of a variety of behavioural patterns are listed by Hagstrclffi and Tomblin 

(1973). 
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The ej"fect of hwnidity on mating 

TI1e effect of humidity on mating in P. operauleUa was not 

investigated in the present study althou@l ma.ting did not appec:ir to be 

impaired at the relative humidities e~rienced by the moths in this 

study ( from approximately 40% to 100%) . Possibly, it may not have any 

effect because the moths will oviposit at all relative humidities 

between 3% and 100% (Langford and Cory, 1932). Ha-lever, the effect of 

relative humidity an sexual activity in other moths has been investigated 

ver:y little but it may or may not affect it. Sncw and Callahan (1962) 

reported that successful ma.tine of Heliothis zea (Boddie) in captivity 

was never achieved when the relative humicli ty fell belcw 80%, whereas 

Shorey ( 19 64) fol.ll1d that the la-1 hwnid.i ty within a glasshouse ( 30% to 50%) 

did not appear to affect copulatory efficiency in T. ni, and he later 

could find no correl.cJ.tian between night-tinie relative humidities and 

rruting frequency in T. ni (Shorey, 1966). 

The relationship be-tween age and mating behaviour 

The ages at which male and female P. operauleUa are most 

sexually active was not investigated in the present study although it 

appears from observations of their sexual behaviour and egg laying 

(Appendix 1. 2) that most normally m:1.te during their first and second 

days after emar&rerice. It is also evident from the investigation with 

the bioassay ( Chapter 9 ) t'1at virgin females contain pheram::ne at all 

ages and that males m>e not very responsive to the female pheromcne 

dUr'ing their first day after errergence but that they becarre strongly 

attracted by it when aged from two days to about two weeks. 

In other species of moths the female can be most attractive 

at any age from irnn-ediately after errergence to 3 or 4 days old, but 

attractiveness usually declines after this . Females which are at their 

rrost attractive within their first day after ernergenc.-e include 

C. fwrriferana (Clerrens) (Outram, 1968), Gypsonoma haimbaahia:na (Kearfott) 

(Payne and Stewu.rt, 1971), and Syna:nthedon pictipes (Grote and 

Robinson) (Wong et al., 1969); whereas the female of Crambus trisectus 

(Walker) is rrost attractive 2 to 3 hours after ernergence and re.ma.ins 

attractive for 2 to 3 days (Banerjee 2.nd Dacker,1966): and the females of 

D. funeralis and D.sacaharalis are most attractive during their~ntir2 first 
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1 to 2 days of life (AliNiazee and Stafford, 1973; Perez &-id Long, 1964, 

respectively). In other moths attractiveness of the fer;iale increases 

initially with age, and this occurs for exaruple in Adoxophyes orana 

Fischer von Rcslerstunm which reaches a plateau of attraction from two 

days onward (Minks 3Ild Noordink, 1971); in Org,Jia Zeucoatigma J.E. Smith 

which is most attractive when 2 to 3 days old (Percy, Gardiner, and 

Weatherston, 1971), and in L. pomonel,l,a which reaches peak attraction at 

3 days of age (Butt and Hathaway, 1966). Dickens (1936) also reJ:X)rted 

that attractiveness of females incrieases with age in many of the 

Phycitinae. 

Variations in the quantity of pl""leromone with age of the female 

have also been determined for S<Jm:; moths. Examples of this include 7 

species of Noctuidae, in whiei, Shorey, McFarland, and Gaston ( 1968a) 

found a rapid increase in the qUcJJ1tity of sex pheromone within 0.5 days 

after e."Tlergence, and the amount present subseque.--itly stayed at the SaJIE 

level or declined slightly 5 days or so after CJrergence; VituZ.a edmandsae 

(Packard) (Phycitinae) in which Weatherston md Percy (1968) fotmd that 

pherom::ne production reac.,ed a maximum at two days and then declined; 

o. leucostigma (Lymantridae) in w:h.ich Grmt (1975) fotmd that the 

pheromone ccncentration is hignest in 1 to 2 day old moths; and Mamestra 

configurata (W.:i.lker) (Noctui<.lae) in which Struble, Jacobson, Green, 

and Warthen (1975) found the gr,eatest amount of pheromone was present 

in 7 to 9 day old fernal.es. Mating may also cause a decline in attractive­

ness of the female ur pherome...ne production, as it does in C. fumiferana 

(Clerrens) (Outrwn,1968), D. saccharaZis (Fabr.) (Perez and L:ng, 1964), and 

o. leucostigma J.E. Smith (Grant, 1975) but in other moths, such as many 

noctuidae (Shorey et aZ.., 1968a), mating has very little effect. 

The male Y s response to the fems.le phercmone usually increases 

to a peak within a few daya of errergence ,-:i.nd often stcJ.ys at this level 

until death. TI1is occurs for example in a number of Noctuidae (Shorey, 

Morin, and Gaston, 1968b); and E. postvittana (Walker) (Bartell and 

Shorey, 196921); and in M. oonfigurata (Wa.lker) (Jacobsen, Green, and 

Warthen, 1972). In other species responsiveness increases to a peak and 

then declines agcin, as it does for ex,JJ.aplo :u1 A. ve 7,,utinana (Walker) 

(Roelofs and Feng, 1967), and C. fv.miferana (Clerrens) (Outram, 1968). 

Notl 1ing elSe is published ,=iliout the other factors which rnay 

affect the sexual behaviour of P. opercuZeUa u.l.though Goldscn (pers. 
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aorrm., 1975) found that wind speed had very little effect on the catches 

of this species in the field and this may indicate that wind speed also 

has little effect on sexual behaviour. However, it was found in the 

present study that the moths could be more or less inmobilised in an 

aspirator by sucking air through it sufficiently fast (Chapter 6), but 

P. operc:u l,e Ua may possibly mate amongst loo foliage in the natural 

situation where the wind is <lr'astically reduced. 

other environmental and Itiysiologica.1 factors may of course 

influence mating in F. operaul,eUa but further research is necessary to 

establish the .impcrtance of these. However, those factors whic.1-i have 

been found to influence sexual behaviour in other lklpidoptera have been 

reviewed by Shorey (1974-). 

Mating beh@ioUX' 

Moths show a considerable amount of diversity between different 

species in their mating behaviour. Typically, this usually involves a 

female sex pheromone which attracts the male and elicits courting 

behavicur. When close to the female the male also usually prcduces an 

"apro::lisiac pheranone" (Birch, 197t:) which either stim.ilates the female 

or subdues her escape reactions thus allowing the male to effect 

copulation. There are, hooever, a few exceptions: the male of Aahroia 

griseiia (Fabr.) prcxluces a sex attractant for the female whilst the 

female apparently does not produce a pherorrone. although she is u.lso 

guided by swnd perceived thra.lgh abdani.nal tympanic organs ( Dahm, Finn, 

and Roller, 1970). In some species, the male may also pro::luce an 

attractant which is effective at short distances whilst me long distance 

sex attractant is produced by the female. This occurs f C!r' example in 

Galleria meUoneUa (L.) (Roller, Biernann, Bjerke, Norge:rd, and McShan, 

1966), and in Phlogophora metieu.7.,osa (L.) (ford, 1955). l\. :;lig:1tly 

different method of sexual canrnunication again is employed by Hepialus 

humuZi L. accar'ding to Warren ( 1969); the male of this species attracts 

the female visually, urrl the female then emits a pheranone which is 

effective at close range. 

PreaopuZatory behaviour of the female 

Toe female of mast species of moth, when receptive or when 

releasing sex a:ttr.:i.ctant, adopts a characteristic :posture which is 
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usually referred to as "calling". In P. operau"leUa this is very 

difficult to observe because the female takes the norrnal resting :r:osition 

and alternately fully extends and ptwtially wit11drnws the ovipositar 

from the tip of the abdomen. A siinilur' calling behaviour has been 

reported far Prionoxystus robiniae (Peck) by Solomon und Neel (1973), and 

for Tineo"ia.biseUieUa (Hurrmel) by Roth and Willis (1952). The latter 

insect \vill, however, also occasionally bend the abdanen dorsally so that 

the tip priotrudes sligJ1tly between the wings and then vibrate its 

ovipositor, and it will raise the abdanen and protrude its ovipositor if 

it is stinn.ilated by a m:tle and then separated from it (Roth and Willis, 

1952). Possibly Hofmannophi"la pseudosprete"l"la (Staint.) shc:Ms a 

similar behaviour to P. operau"le"l"la because Wocxiroffe (19Sl) rep:>rts 

that the female has no calling attitude. 

Usually, the calling position is quite distinct fran the 

resting position in moths. Frequently the calling p:>sture adopted is 

with wings parted but resting along the dorsul side and with the tips 

often touching the substrate, with the abdomm bent dorsally into a "C" 

so that it protrudes between the wings, and with the ovipositar extended. 

The behavirur is shown, for example, in Podosesia syringae syringae 

(Harris), and Podosesia syringae f1•oxini (Lugger) (Nielsen and Balderston, 

1973); and in V. edmandsae (Packard) (Weatherston and Percy, 1968). 

A sii-n:i.lar posture is also adopted by T. ni , but the wings are vibrated 

at interv a.ls ( S'narey, Andres , 211.d Hale, 19 6 2 ; Shorey, 19 64; Shorey am. 
Gaston, 1970), and in D. saooharaUs the antennae are vigorously m:wed 

between bursts of wing movement (Walker, 1965). Other calling females 

may hold their wings vertically over their bodies as does Lambdina 

fisaeUaria "lugobrosa (Hulst.) according to Ostaff (1974), and H. ou.nea 

according to Hidaka ( 19 72) • In addition, the female H. zea extends the 

wings rut at about 45° to the body and vibrates them with the abdorren 

exposed, whilst the wingless female of O. "leuoostigma raises the last 

few terminal al:xiaminal seg;rents (Percy, et aZ.'! 1J7l). 

Rhythmic extension and retraction movements of the ovi:r:ositor 

apparently occurs camnonly in calling female moths. It huS been 

reported :in the Lymantridae Dasyohira fasoeiina (L.), Dasyah-ir-a se"leutica 

(L.) and Hypogymna morio (L.) by Gatz (1951), and P. dispa:r> by wane 

(1968); in the phycitinid genera Ephestia, Anagastia~ and PZodia by 

Richards and Thanpson (1932), Dickens (1936), Gatz (1951) and Brady and 
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Smithwick (1968); in O. ieuaostigrna by Percy et aL., (1971); in 

P. robiniae by Solomon and Neel (1973) and in species in the 11aurantiaca 

complex" by Roelofs and Carde (1971). Birch (1970a) also reported that 

caged P. metiauLosa repeatedly curled the abdanL1 ventrally to tOl.211 the 

gland to the surface of the cage. Havever, no such ovipositor movenents 

were observed in C. fwniferana by Sanders (1969) or Weat:herston and 

Percy ( 19 70a) ; or in V. edmandsae by Weathers ton and Percy ( 19 68) . In 

general, release of pheromone by the female is coosidered to occur 

during ovipooitor extenstion, but as far as I have detennined from the 

literature, only in Orgyia antiqua (L.) has liquid droplets been 

observed on the surface of the everted glands, and these, when collected 

on absorbent paper, elicited an intense sexual response from the male moths 

(Freiling, 1909). 

<?enerally female moths rema:in passive ar only waJk a few steps 

before the male copulates, as OCCUIB in P. operauLeUa whereas if they 

are unreceptive they usually run or fly away. In sane rroths the female 

may, hc:Mever, take an active part, as for exaiuple does the fem:i.le T. h. 

(Hubner) (Shorey and Gaston, 1970), and P. interpunate7,,l,a (Hubner) 

(Grant and Br>ady, 1975). 

Male preaopuLatory behaviour 
'Ihe male noth generally takes the active part in mating, but 

there is a paucity of information on their sexual behaviour, and in 

particular an their ccurtship. This is probably due, at least in part, 

to the moths being nocturnal, and this makes observations of mating 

behaviour difficult (Grant, 1970; Grant and Br-ady, 1975). S01re thorouP"h 

studies have been published, havever, and in addition many authors have 

noted a few particular aspects of male sexual behaviour. A failure to 

irention a particular behavioural response by these latter authors does 

not necessarily mean that the species concerned does not exhibit it, and 

therefore the follaving account is rna3tly limited only to behaviour which 

has been described. 

'Ihe responses of a male to the female i:neranone apparently 

consist of a fixed chain or sequence of several components which are 

added in a fixed order, or replace one another temporally. These can be 

divided into preflight behaviour when the resting male first perceives 

the pherarone, an orientated flight tcwards the £emu.le, and courtshii--
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behaviour culminating in copulation. 'This 'is discussed in more detail 

below, and same examples are given in Table 8.3. 

In many species the female sex pheranone alone is all t"li.at is 

required to elicit the behavioural steps of maili.g in the male, and this 

is evidenced by the wide use of behavioural bioassays. It has also been 

generally assUJred that the initial steps in the behaviooral sequence arc 

elicited by the lcwest threshold of :p1eranone concentration, and that 

each successive step has a higher threshold than the pr>eceding one 

(Schwind<, 1958; Guerra, 1968; Traynier, 1968). lhis has also been 

demonstrated to be the case in E. postvittana by Bartell and Shorey 

(1969b). In sane cases the pheromone is apparently species specific 

but many m:rths share the same ph.eranone with related species, or the 

males are attracted by f e.rnales of other species. In these cases other 

factClr's must acco..mt far reproductive isolation, and these can include 

the use of mat'e than one chemical in the pheromone, or differences in 

the relative quantity of c..."lemicaJ.s in the pheromone mixture, as well as 

differences in release rates, circadian rhythms, and additional cues 

such as auditory ar visual ones (Roelofs and Carde, 1974). Habitat 

selection may also play a part (Kreh.off, 1974), and recently Grant, 

Smithwid<, and Brady (1975) have shown that differences in ca.trtship 

behaviour, male pheranones, and mechanical and physiological barriers to 

insemination also play important isolating roles between P. interpuna­

teUa and c. oauteUa. It therefore appears likely that all of the 

isolating mechanisms, as listed fClr' example by Mayr (1966) may be 

:important in one species of Lepidoptera or another. 

°Pr'eflight se~ai beh®iour of the mal,e 

When first exposed to the female's pheranone the resting male 

may bring the antennae forward, nove them about ( often ref er.red to as 

antennal "vibration"), and vibrate their wings (Table 8.3 ). Presumably 

the wings are vibrated to warm the thorax to the required level for 

flight (Heath and Pdams, 1967), but P. operaul,eZla was never observed to 

do this . Havever, it was frequently observed to bring the antennae 

forward ilI1.d then wave them alternat~ly before taking flight although 

this may be no different from norm::i.l active behaviour. 



Species 

Argyrotaenia velutinana (walker) 
AcZeris gZoverana (Wlsm) 
Banbyx mori L. 

Tortricidae 
Tortricidae 
Bar.l.>ycidae 
Pyrd.lidae 
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Pyralidae 
Tortricidae 
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Fl,.ight of the maw towo.rd.s the femal,e 

Flight by the male to the attractive female is usual in rroths 

as evidenced both from t.11e many observations of this, and fran the great 

number of field trapping expcrinBnts with female moths, extracts of 

them, a.rd synthetic fenal8 sex p-1eranones (e.g. Jacobson, 1972). 'The 

observation, in the pr-esent study, that mule P. operau.ZeUa approach 

sticky traps containing cr..;.de female extracts or virgi.n f enules in a 

lateral zigzag flight path is of particulai.., interest because many insect 

s~cies exhibit such a flight pattern when appr-oaching a sex pherom::me 

souree (the species are listed for example by Farkas and Shorey, 1972, 

1974-; and Farkas, Shorey, and Gaston, 1974), a...11d this type of flight 

behaviour has been pr-opost:.d uS a Jll:;;an8 by which the insect stays within 

an aerial o:lour trail ( Farkas and Shorey, 19 74) . Farkas and Shorey 

(19N) have reviewed the rrechillli.cs of orientation to a distant :i;:tierancne 

srurce and the means by which flight is arrested. They have also 

proposed an integriated system for the behaviour of a hypothetical insect 

in response to a pheromone. This is based on ''bits and pieces" of 

infannation frcm a variety of sources, and since it SUlIDm.rises rruch of 

what is kncwn about flight orientation, a brief resun"ri is inclu:ied here~­

If the insect is stationary and ~ceives an above threshold concen­

tration of phercmane,flight is initiated and it flies in the general 

direction of the source ~rhc.ps by anemotaxis. If the insect is a lcng 

way off it steers more or less in a straight line and turns only when in 

the vicinity of the boundaries of the "active spare" of the !Xlercmone. 

As the insect flies near to the source, the concentration of pheromone 

increases, and the active space becorres narTCMer. Consequently the 

angle of turning becares smaller and a zigzag flight pattern results. 

Possibly the turning response, bade tCMard.s the centre of the aerial 

trail is regulated by chemotactic rechanisms, an aneraotactic response, 

detection of a concentration gradient of odour molecules or odour 

filarrent pulses with tirre, a preprogramrrBd turning response in which 

right and left ttml.s are alternated, or a combination of these factors. 

As the insect progresses along the aerial trail there is also a decrease 

in its forward flight spc;ed, angle of turn, and lateral amplitude of the 

zigzag pattern, and when the insect parcei ves a high concentration of 

aiour it is stimulated to either alight or visually search for the 

attractive insect or far another appro:pr>iate object such as a tree trunk. 
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Co'!A.'r'tship behaviour of the male 

The male of meet Sp;!cies of mJth alights and then rtms about 

searching for the fernale after he has fla,m clooe to her ( Table 8 . 3 ) 

and t"le sairo be..1-iavi,._:il..il' is sham by I'. opercu le Z, Za. One exception is the 

male of T. ni which usually remains in flight until copulation is 

achieved so that its courtship bGhaviour differs from that of other moths. 

A full description of this is, hcwever, avcilable frun Shorey et aZ.. 

(1962), Shorey (1964), and Shorey and Gaston (1970). 

Once alighted. the males of most s:p3cies rtm about rapidly 

beating their wings :in what is referred to as "circus move:rrents" or a 

"copulatory dance". Th.ay may also evert scent scales and o:r;en their 

"genital clas pars", so t"lat their behaviour1 shONs many similarities to 

that of P. opercu le Z, Za ( Table 8 • 3 ) • Hcwever, the moth which apparently 

shews the most similarity in its courtship behaviour to that of 

P. operouleZ.Z,a is T. biselliella as descr>ibed by Rot~ and Willis (1952). 

Here the male walks about "rapidly and erraticu.l.ly, continually 

vibrating or fluttering his wings ... with his abdOJTEn extended slightly 

dorsad 11 • Contact wi ti'1 the female takes place from any direction and the 

ma.le continues to vibrate his wings the entire tirrB. After touching the 

female, the imle stops wing vibration, flexes his abdOITEn sideways, and 

attempts to grasp her genitalia. The photograr;hs of courting moths 

inclu:ied in the publication by Roth and Willis (1952) also clearly shew 

that ti'"le male's external genitalia are extended while he searches for 

the female, and that the ma.le approaches the ferrale from behind and to 

one side whilst he attempts copulatian. In u.d::litian, he also slightly 

extends the wings nearest the female so that they cover her posteriar' 

region in exactly the sane manner as described far' P. ope1•oule Ua. 

It is interesti.'1g to note that during courtship the ma.le 

P. interpunctella muves so that the female's antennae rest on his fore­

wing scent scales ( Grant and Brady, 19 75) , whilst the flying male T. ni 

may touch the femJ.le's pheromone gland several ti.mas with first one and 

then the other antennae, and sorretimes also with the tarsas Qf one 

protharacic leg (Shorey et al., 1962; Shorey and Gastcn, 1970). Hcwever, 

no similar behaviotlr' involving antennal touching was observc->d to occur 

in P. operaule Ua. 

It can be noted that t.11e courtship behaviotlr' of the male 

D. Baaaharalis as described by Walker (1965) differs slightly from other 
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mths:- The male eventually pcsitions himself bela,., and beside the 

female whilst he vigorously :rwves his antennae in between short bUI'Sts 

af wing beating. The male then oounts the the female with his head 

facing in the sama direction as the female's, and gradually roves the 

front of his body laterally ~ay fran the ferrale whilst keeping his 

abdcmen close to hers. When his body makes an angle of about 30° 

antennal ccntact is ma.de, and the male subsequently continues his 

novement until his genitalia make contact. After seizing the female's 

abdc.m:m,, the nale moves his claspers vigorously and stimulates the 

female to make peristaltic-like movenents with her abdaren. 

Finally, the male H. cunea, which nates dll:r'ing the day, has an 

entirely different behaviour from that of the rnoti1.S rra1tioned above, and 

it apparently lacks anything vhlch can be desCt'ibed as courtship. 

Hidaka (1972) reported that the female's sex pleI'Cil'One is only effective 

in a limited sphere with a radius of 2 to 3m around the female. The 

male flies randanly over a wide area, and when he cOJies into contact 

with an effective phercrnane sphere, he seeks, in a searching flight, a 

white "courting-pcstur'ed object" (the feLial.e calls with wings held 

vertically over her body). When he finds this he "leaps" en it, 

touches it with his antennae, and copulation then takes plare. 

Copulation 

The copulatcry positicn adopted in all ooths is with the heads 

facing in opposite directions am. with the wings folded in the nonnal 

m:mner. Ha-,ever, Ostaff et ai. (1974) repacted that L. fisaeU,aria 

7,ugubrosa. holds the wings vertically over the bcdy during copulation. 

Very little is kn.wen about the behaviour of mths during copulaticn: 

Callahan (1958) noted that duriing the first 20 minutes of copulation 

pairs of H. zea pushed against each·other every lS seccnds or so 

causing an up and da,m oovenent of their abdarens and they eventually 

separated by turning sid~-ways to each ether and pulling apart. Walker 

(1965) reported that copulating D. saacharaiis usually renained 

stationary but the female did sOTIEtines pull the male after her, or 

even flew with the male being carried with his wings folded. Ostaff 

et ai. (1974) reported that pa:i.rs of L. fisceUaz>ia Zuguhroo,t remained 

notianless for the duriaticn of copulation, but i.imediately prier to 

separation, the females began walking, dragging the males behind until 
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they released their holds. After separa:tion the males remained 

motionless far about 5 minutes with their copulatory apparatus still 

visible, whilst the ferncJ.les moved about and sc::irretirres began ovipositing 

almost irmnediately. 

The length of time taken far coµ.ilation in moths varies 

enormously both between different species, and between different 

individuals of t'1e same species. For example, cop.ilatian in T. biseZ"lieUa 

varies fran 12 to 18 minutes, with a mean of 15 minutes (Roth. and Willis, 

1952); in T. ni it varies between 19 and 44 minutes with a mean time of 

3 3 minutes ( Shar'ey, 19 64) ; in D. saocharaUs it takes fran O. 5 to 1 hour 

(WaJker, 1965); in H. zea it varies fran 1 hour tc 1 hour 45 minutes 

(Callahan, 1958); and in C. fumiferana it averages 4 hours (Outram, 1968), 

rut can vary fn..m 3 to 7 hours dep.mding on temperature (Sanders, 1975). 

In addition, Sharey (1964) re:p:Jrted that sore pairs of T. ni were never 

observed to separate successfully, and if the male died first, th.e female 

was seen flying and ovipositing with the dead male still attached. 

Looation of the pheromone receptors in the male and female 

In the present investigation of P. operau le Ua the male 

receptors for the female r,heranone were shewn to be situated on the 

antennae by experiments involving the removal of the antennae frcm males . 

Rem.oval of the antennae of A. velutinana (Walker) (Roelofs and Feng, 

1967), o. nubilalis (Hubner) (lQun, 1968), and T. ni <Hubner) (Shorey, 

1964) have also resulted in the male not resp:nding to the female sex 

pheromone. However, males of Bombyx mori L. apparently searchi3d for 

females if their antennae were removed afteI' they were excited by the 

female pheranone, but they oopulated only if th2ir abdarens touched a 

female (Seniii,n, 1954). Also, Sanders (1975) reported that C. furrriferana 

males rarely cupulu:ted after the complete rem:JVal of their antennae. 

Further support that th8 receptors for the female pheranone are located 

an the antennae of the male is pr'ovided by the many investigatic.ns using 

electroantennagrams (detailed by Jacobson, 1972). 

In the present stlrly, removal of the antennae from female 

P. opercu le Ua resulted in an increase in their rejection behaviour when 

contacted by males, but it is perhaps surprising that the females 

continued to oopulate. A similar rejection behaviour was observed 

by Birch (1970a) in female P. metiaul,osa deprived of their antennae, 
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·whereas Gr-ant and Brady (1975) found that in female P. interpwwteUa 

removal of the antennae resulted in rejection. behaviour but 30% copulatt..'Cl., 

and in female C. oautel,l,a the Sa!IlB treatlmnt hud nc observable effect m 

ccurt:ship. Gr>ant and Brady (197S) suggested that the copulaticns which 

occur.red with female P. interpunoteUu deprived of their antennae 

largely resulted from the male trapping the female against the side of 

the container in which they were vbserve<l (a petri dish) and then 

succeeding in gaining the ''head 1..n1der" IX,)Si tion. They also nute that 

the male sex pherc.'IllOile is pen"-iaps not necessary for courtship in 

C. oauteUa unu. suggested that there may be sufficient olfactory 

receptars far the male pheromone elsewhere on the female's bc<ly. A 

probable site for these receptors, u.ccordin.e to Grant and Bru.dy (1975) 

is the flask-shaped pit found in the terminal segrrent of each palp. 

Dahm et al,. (1971) rerI10Ved both the antennae and the palps from female 

A. grisel,l,a to demonstl..,ate the volatile naturB of the male's sex 

attractant, so preswnably removal of the antennae alone was not 

sufficient to eliminate the female's response. In the present study, 

trapping of the f~e P. operau le l, la by the male appeared t0 be cf 

minor importance during the rnating of females without antennae, and it 

therefore appears likely that there must be receptors for the male 

pheranone elsewhere on the female's bc:x::ly, as was suggested by the latter 

authors for C. ca:uteUa. 

The function of the male soent Ol''{Jans 

The function of the wing glands of the ma.le P. operauieiia 

were i."lvestigated by removing the hindwings of male moths a.nd subsequently 

•:Jbserving their mating behaviuur. These experi.Jrents made it apparent 

that the glands secrete a pheranone that subdues the female escape 

reactions and causes them to remain staticnary. Dahm et ai. (1971) 

have, hcwever, shwn that the pheranone pn:.ducecl by the wing glands of 

male A. griseUa is cnly effective when sound is also present, but the 

technique of removing only the hindwings of the males in the present 

study mikes it 1..n1likely that the s01..n1d of the beu.ting wings is altered 

very much. Furthermore, the strucD.Il'.'3 and glandular cells associated 

with these wing hairpencils of P. operou 1,e i 1,a ( Chu.pte.r 10) L.'1dicates 

that it is likely that they are involved in dispersing sare chemical, 

and this together with their observed use only during courtship ffi3kes 
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the only reasonable conclusion as to their function, one of prcx:iucing and 

dispersing a male sex pl18:t."Or.:.0ne. 

The production of a pheranone by a male moth which acts to 

cause the female to remain stationary has also been attributed to a 

number of Noctuidae (Birch, 1970a; Clearwater, 1972; and Grant, 1970), 

and Grant and Brady (1975) also concluded that this was the ma.jar' 

function of the wing glands of P. interpunateUa and C. aa:uteUa. In 

addi tian, hcwever, the male pheranones of these latter tm p. 1yci. tinids 

appears to induce the female to adopt an acceptance posture ( Gr>ant and 

Brady, 1975) and a similar function has also been attributed to the 

male sex pheranone of the :)lutellinid AaroZepia assecteZZa Zeller 

(Thibrut, 1972). 

Other possible uses of a male sex pheranone are listed by 

Birch (1970c, 1974): they may constitute a species specific signal which 

prevents CI'OSS mating bet"ween species that use the same female sex 

pheromone; trigger varirus hcrnional processes in the female such as 

priming oogenesis; repel other males; or repel predators. Tne latter 

two functions are suggested by the fact that many of the chemicals 

isolated fran the male abdominal scent brushes of noctuids are lcw 

molecular weight, volatile, reactive chemicals (Jacobson, 1972; Birch, 

1974) and at least one of these, benzaldehyde, is also found in 

defensive secreticns of sane arthropcds (Weatherston and Percy, 1970u). 

Birch (1970a) has recently reviewed the possible roles and the various 

evolutionary theories concerning male aphro::lisiac pheromones in 

Lepidoptera. 

Other possibZe au.es invoZved in mating 

The demonstration that P. operau ie Z Za can copulate in total 

darkness suggests that vision is not essential for mating. Vision may 

still, hcwever, play sorm part under nannal circurrstances as evidenced 

from studies on the :-1octuid T. ni. The ma.le of this moth can also 

orient to and successfully copulate in complete darkness (Shorey, 1964), 

but Shorey and Gaston (1970) frund that visual orientation may occur at 

lcw lig.rit intensities ( 0. 2 lux) . Using dried females at' black paper 

siJhouettes as mcdels and placing these next to spots of :r:neranone they 

found that ma::l.els did not influence the frequency of orientation 

behaviour. The models, hcwever, influenced the direction of orientation 
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(86% of all copulatory attempts were directed tavards a mcx:lel; 14% 

to.vards the pheranone source), and all orientation and copulatory attempts 

were directed tcwan:is the la,,.;rer apex of the wed.el. In addition, black 

was less effective than the normal moth colour, smaller siJl1ouettes were 

less effective than nonnal moth sized siJhouettes, and t>ic shape of the m.ojel 

ha:l to be varied considerably from a shape similar to a female to cause 

a diminutim in effectiveness of direction of arientation. Doane (1968) 

also frund that males of P. dispar approached and attempted to copulate 

with female decoys up,vind, but not da,,.;rnwind from a pheromone source, while 

Tr>aynier (1968) observed that pheromone stimulated males of A. kuhnieUa 

attempted to mate with clay models of females, and Sanders (1975) found 

that al though males of C. fumi ferana would attempt to copulate with dead 

males or females when in the pr12sence of female pheromone exper.irrents with 

cardboard shapes were all negative. 

The observation that male P. operculeUa, when stimulated by 

female pheranane, will pursue and attempt to copulate with other males rnay 

also suggest a poosible visual role. Males of T. ni will similarly try to 

copulate with other males when in the presence of female pheramcne 

according to Shorey ( 19 64) who proposed that t.i~ese males move the 

cdorous air to.varo.s each other by reans of their fanning wings . Many 

other moths have been reported to similarly attempt copulation with other 

rrales of the sane species in the presence of female p:ieramone. These 

include A. kuhnieUa (Zeller) (Traynier, 1968); c. promethea Drury 

(Soule, 1902); G. moiesta (Busck) (George, 1965); T. biseZZieiia (HUII11!el) 

(Roth and Willis, 1952); and M. configurata (Walker) (Chisholm et ai., 

19 75) . Shorey ( 19 70) notes several other reports of pheromone-stimulated 

moths attempting copulation with each other and adds that such behaviour 

has also been occasionally used as the basis for female pheromone bioassays . 

Many other stiiruli may of course be involved to sone extent in 

mating behaviour of P. operaule Ua. 'Ihe sound of the beating wings of a 

courting male may have sorre effect on the female, since the presence of 

sotn1d has been demonstrated to be essential before the male sex 

attractant of A. grise zia is effective (Dahm et aZ . .,.1971). Tactile 

conmunication JTu.1.y also be a rrear1s of communication during mating in 

P. operauieiia. Sanders (1975) for example has recently suggested that 

in C. fwrrifer(,{}1,a the antennae are involved in a tactile role in close­

range detection of other insects, and also in deterrn:i.ning the orientaticn 
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of the perceived insect so that copulatory attempts by the male are airred 

at the posterior of its intended mate. Further reseurch is, hcwevt::t', 

necessary before the relative importance of the above sti.T!luli or other 

possible cues are determined in the ma.tine behaviour of P. operauieiia. 



CJ. Itl.PI'ER 9 

Bioassay of the fe.i--n.:il..e sex phercrnone of 

P. operaulella and tl1e identification of 

tl1e pr.ercmone gland. 

Introduction 

338. 

The only research p.lblished on the location of the pheromone 

gland in P. operculella is a very brief study by A:ieesan et al. (1969) 

who reported that it is situated an the dOt'Sal inteseC}IBntal ITE:mrane 

between the 8th ar:d. 9th abdomi.-rial segrrents. Tt1ese authors used a bioassay 

which involved dissecting samples from females, crushing them on filter 

pa:p3r discs, then intrcducinr; the.--r, into plastic cages holding unmated males 

and observing their behaviour. The full experirrEntal procedure and 

results were not available and ther~f()I'B it was decided to cornpletely 

reinvestigate the identification of these glands, starting by first 

conclusively demonstrating the existc:nce of a sex pheromone. 

The lack of e~imental detail by M.eesan et al. (1969) 

makes evaluation of their work difficult. For example they do not 

msntion what controls tt1ey used:1 or whetrier any part of the female other 

than the ovipooitor was ati:ractive, if even by occasicnal crass 

contamination. In addition, they give no data en the lighting ~anditions 

under which the male mot1s were observed during the bioassays and tl1is 

is pa.."""'1:icularly important in behaviour1al work. 

In the present investiGation an objective bioassay Wa:3 

develo:p3d for the sex p.-ieramone; the behaviour selected as an indicaticn 

of attraction was the upwind mover.'.'Ent of male moths tOtJards attractive 

females, but this was also supplemented by observaticns of the male IIDths 

at the end of the bioassay for signs of their sexuu.l display. 



~thcrls 

flloeparation of Samp lea 

Strict cleanliness was observed dur:>ing the p:-epar'ation of all 

the samples to ensurie that no cross contamination ocarre::l between them. 

Hcwever, since blanks were usually use1 in the bioassays, they we:-e 

~epat"Erl alternately with the samples arrl given :identical irea:trnents 

except fer the applicatiai. of the m:>th samples to them. This resul ta:i in 

the blanks also being use:1 to check that no cross contamination occurTe:l 

dllt" :ing i:repar1ation. 

All samples except fer the frozen sections anl extracts 

discusse:i beloo WE:!'e i:repac-e:i fer bioassaying by crushing usual~two er 

m:re specimens between a f oJde:i piece of 4. 25 cm Whatman m.unb€!' 5 f ilt€!' 

papet> which was then opene:l again s·o a:ir cira.ilate:i CNer the sample. 

M.lltiple specimens were use::l in samples to ina-ease the chance of 

detecting slight attractioo. 'Ihe same type of filter papers WE:l'e use::l 

as the blanks fer these experiments. 

Moths destine:l to be use::l in samples were first anaesthetise:l 

with chlcraferm so they cruld be harrlle:l with fcrceps •. Whole moths we:>e 

imme:liately crushe:1, but when they were cut into pieces, they WEre first 

frozen rap:idly in liquid nitrogen, transferrre:l to a cryostat at -20'> C 

an:i cut into the rE3:lu.We:l pcrtians with a razcr-bla:le, . 'lhe ~ts Wet'e 

then place::l on filta:- pa.peris arrl allooe:l to thaw befcre being crushed. 

Rep::-a:iuctive crgans were dissecte:l rut un:la- insect saline an:l as each 

part was sepcrate:l, it was placed an filter papers in the cryostat until 

the samples wa:-e canplete. Thay ~;~ t::i.::::n allcwe:l to thaw befcre be.mg 

s::i.uasherl. • OV'ipositcrs wer-e obtaine:l by placing the anaesthetised moths 

between strips of plasticene on microscope sl:ides .m such a position that 

the tips of the:ir al:x:lanens Wet'e at the edge of the sl.ides, then gently 

p:-essing anotha:' sl:ide OVf!ll them until the.D:' ovipositcrs exterrle:l an:l 

cruld be cut off. Frozen sectiais of the ovipositcrs wa:-e obtaine:1 by 

first ~opp.mg moths with exterrle:l ovipositcrs, still s:iueeze:i between 

al.ides, into ]jqu:id nitrogen, recova:-ing them arrl mne1iately transferring 

them into a cryostat at -2o•c where they We!le crientate:l an:1 anbe:lde:1 in 

Lipshaw mounting flu:id oo a rap:id freezing stage a.rd a.it into sections. 

'Ihe microtane knife was wipe:l with acetone afta:- each secticn ha:i been 

rut an:1 the sections wa:-e melte:i cnto cold s1:rips of microscope covet'slip 

by manentar>ily placing a fingEl"' urrlerneath the glass. Strips of 

cova--slip WEre also userl as the blanks fer these e~:iments. All these 
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p;>epat"e:l samples wet>e sta:-e:l fer up to one day at -2r{ C ins:ide Wiv:idual 

glass vials until they w1:re rEquire:l . 

The extract of female moths in chlcroferm was p;,epar-e:l using 

the same techn:ique as describe:i in the metha:is section of ChaptEr 8. 

Samples of this extract wEre p;>epar>e:l f cr bioassay by using a micr'o­

pipette (Hamilton Ccmpany; 0-50 ul micr'os~inge) to drip the raiuire:l 

amamts onto filtEr pa.pet's arrl then they WEre wave:l abrut in the a:ir 

fC: one minute to let them dry. These filtet> pa.pet's wet'e then irrmediately 

sealed in their sample charnba:- s l des CT ibe:::l belrn > until they v1erx~ bioassayed. 

Bioassay ai>paratus 

The bioassay appar-atus deScr'ibe:l belav was replicate:l 5 

times arrl all wer>e use:l sirrn.iltaneously, ma.mte:::l on a frame an::l i;rojecting 

into a suction rnanif oJd • They were constructa:l in sections of glass 

3 ~ 1 mm thick, connecta:l together> with ''Quickfit';., gr>oun:i glass joints fer 

easy disnantling arrl cleaning. Their dimensions werie within .:!:_ 5% of the 

scale drawing of Figur:-e 9. lA unless otherwise specified in the follrning 

d escri iption. 

Each bica.ssay appar-atus consista:l of a central chamber , two 

traps arrl two sample chamba:-s (Figur:'e 9.1 A, B). Each sample chamberi 

was connecta:l to one of the traps. Tnese in t:ur>n werie cannecta:l low 

dCMn on opposite s:ides near- one en:i of the central chamberi. Crgarrlie 

was fastena:l c,.,eri each em. of the central chamber> arrl inserita:l between 

the junctions of traps arrl sample chambers to i;revent moths fran 

escaping :from the appar:-atus. Suction was applia:l to the errl of the 

central chamber> fur'thest away fran the trap junctions t'l<.ll'l.iby oou.:;.:n:: u.::..r 
to flow in thrrugh the otha:i errl of the central chamber' arrl thrrugh the 

sample chamber;, s arrl the.:ir traps. The central chamber> was also dimly 

illum.inata:l from the suction en:.1 causing the test moths to congregate 

where .air from both sailple d1a.roors blew over then.. 

The central chamba:>s of each bioassay appar>atus was a 30 .o 
~ 0. 5 cm length of w:ide diameta-, glass tubing flange:l at both en:is arrl 

with an inlet tube irojecting dCMn 45° belrn the h<r'izcntal from both 

s:ides, near> one errlJ. fer connecting to the traps. 'Iwo shcrt flanga:l 

clamping tubes of the same wide diameter> glass tub:ing wa-,e use:i fer 

holding the crgarrlie ova:i the en::ls of the central chambet> when fastena:l 

to it. This was acccmplishe:i by bolting togetheri pet>spex plates whic:i 

fitta:l behirrl the flanges' of both the central chamba-i arrl clamping 
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Figure 9.1 

Bioassay apparatus for the fer.iale 
sex µ-ierom::me of P. opercu 7,e i ia 
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tubes. All the flanges we::>e gpcurrl flat so the joints we::>e almost air­

tight when the er gard ie was :i.n place . 

The traps each cansistro of two glass bulbs, one above the 

other-, which inter-canmunicate:i through a hole with an u:i;:waro p:-ojecting 

lip. The capacities of the up:per> an:l lc:Me.r' bulbs we::>e between 95 to 

120 D.l an:l 75 to 135 rJ.l respectively. On top of the uppe:;, bulb was a 

stoppe::>e:i cane tlrrugh which moths wer-e rernove:l at the en:l of 

experiments an:l fcur 6 to 8 cm long pieces of 0.5 cm internal diameter­

glass tubing wer>e also place:l in the upper bulb to act as a::l.ditional 

resting sites fer the moths. The lower bulb was cannecte:l on one side 

to the sample charnberi by a her izontal tube an:i an the opposite side to 

the central chambEt" by a 12. 5 an long tube that exterrle:l ins:ide the 

bulb as a lip an:l :i;rojecte:1 .Ja-m 45° below the hcrizontal then twiste::l 

up to ooe s:ide so the trap was ver-tical 'When fitta:l to the central 

charnba'.". The connecting tube on the trap joining the opposite s.i:le of 

the central chamber' twiste:i up in the opposite direction so both traps 

werie upwirrl of the cen1:ral chamber> inlet tubes am pariallel. 

Each sample chamber:> was a va:-tical tube with a stopperie:i cane 

on top through which samples Wer'e inser-ted, usually on filteri papa:>. A 

shcrt hcrizantal inlet tube that also could be stoppe::>e:i, jo:ine:i one 

s:ide of the sample charnba:- neat' the top arrl a hcrizontal outlet tube 

inccrp<rat:i.ng a w:ide diameteri stopcock joined the other- side near the 

bottan. A ring of 4 jn:lentations :in the sample chamber wall just 

above the rutlet tube :i;revente:l filter> paper's with samples fran slipp:ing 

down an:l occltrling the airflow. D.Ir>ing a bioassay, the inlet tubes 

were left open to allow a.ir to be drawn thrrugh by suction .:f.rOJ-n the 

central chamba:'. Criginally they wet"e :inten:ie::i to be connecte:1 to an 

air supply but this was foon:l to be unnecessar-y. 

Bioassay .,ippar>atus r.ksign. aonsideratione 

Glass was use::l as the majcr canponent in cmsiruct:ing the 

bioassay appar1atus because moths rea::J.ily gaine::l enough :pur>chase even to 

be able to run upside dcwn on it an:l it cooJd be cleane:l easily. In 

a1.dition, each appar-atus was also rrme so only glass a.rd crgan:lie were 

cantacte::l by air be:ing sucke1 thr>cugh i.t. 'Ihase feai:ul'.\'$ ei,abled th~ 

following cleaning :i;roce:lUC'e to be carTie::l out to avoid any possibility 

of a:iscrbe::l O'.lour:'S :inter'fa:>ing with subse:::iuent bioassays:- The e:::iuipnent 

was disrnantle:l afta:> ever:iy bioassay, the crgarrlie was discar'Cle:i an:l the 
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glass sections wet1e irrmerse:l in 4% Decon 75 'until the following day. 

'I'hcy ~verB then thcroughly rinse:1 un:iec' running tap wata:> follcwe:i with 

distille:i wata:> ani finally drie:i in an oven at 100° C. The. time re:;i.u:iral 

fer this cleaning was available because the bioassays wE.r'e only st.rte:i 

at the same time as the lights tur>ne:1 _ off each night in the roan wherie 

the moth.:. Wel"\.; :c-eared. 

F.a.ch bioassay appar>atus was designe:l to irevent most moths 

.from enter> ing the a:irstreams by chance while still allaving them free 

a1mission when follaving an attractant. ConsEq_uently few moths wet1e 

caught in the blank cr non-attractive airstrearns ani therefcre the 

diffet1ences between these ani the attractive a:irstream catches werie 

increase:i • Th.is rna:le the bioassays efficient ani thet1efcre re:iucErl the 

m.nnbet1 s both of trials an:i n.at..'16 r-equi.red to clc..T,.an.::rt.'"'ate attrc.etion 

significantly. In a1dition, canpat'isons between two er mere bioassays 

wer;ie simplif ie:l because the blanks cruJd be igncre:i. 

The spatial arTangement of each bioassay appat'atus resultej 

in low catches in non-attractive a:irstreams an:i was also responsible 

f<r> the effective w<r>king of the traps. 'Ihe low entry points wher-e the 

traps joine:i the central chamberis ani the dim illumination fran the 

opposite errl con tr ibute:i to the unlikelihoo::l of moths entering by chance 

because they kept mostly to the upper;, sur>faces neat'est the light. Once 

moths entEt'e:l the traps an:i a1apte:i to the aiOJr's they usually ma,,,e:i 

into the uppa:i bulbs whet1e tller-e were ample resting sites. The position 

of the bulbs one above the other> ani the:ir relatively small_ entrances 

with utwat'd d:irecte::l lips re:iuce:l the moths' chances of firrling the:ir way 

back down into the central chamber again. This physical methcrl of 

trapping avo:ide:l any a1ditional aiOUt's being inu."crluce:1 into the air­

streams an:1 the moths couJd be recover-e:i ,-;:_t tl.ls:l end of the experir.rent. 

'The physic.al trapping methoo. employe:l in tllese bioassays 

enable:i them to be run in::lepen:iently of an oper;iatcr. Variable effects 

due to distur>bance fran an opaiater were the:->efere avoided arrl there was 

no nee:i fer the env:ir>011J--nent to be manipulate:l to allow obser;ivation. In 

a:ldition, the bioassays cruJd be per>fcrme:i in the darik dur>ing the f:irst 

pat't of-the nights when the motlls usually mate:i (Chapter 8) as this 

was ther;iefcre also tile time when the best responses cru]d be expecte:i. 
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Bioasaay 1°00m 

All bioassays wer>e perifermed in a roan reser>ve:i exclusively 

fer this p..n:'pose situate:i on a flocr withrut laberateries to minimise 

o:iOUt's. A centrally :o.::.:ated roo.-11 withcut win:lows was available fer all 

the bioa.ssays except the first ser-ies in which the e:::iuipment was testoo. 

This latter> room ha:i flocr to ceiling wirrlows along one side wb.ic;h were 

left uncover>ed to :i;rov:ide nattn:'al light both at night ard in the day 

althrugh the fluerescent ceiling lights wer1e also used at night until 

the bioa.ssays wE!r'e due to stclt"t. Fluerescent ceiling lights WE'.r'e 

simiJ..ar>ly used fer daylight in the centrally locate:i room ard here dim 

diffused night-time illumination was i:ro:luced fran a lamp controlled by 

a variable resistance, situate::l un:.iet' the bioassay e:quipnent ard pointe:i 

towar-ds one wall. The bioa.ssay e:::iuipnent was place::l on a table in the 

centre of these roans arrl d.:irecte::i so the suction errl was near>est eithe:' 

the wirrlows er the wall illurninatcl at night . Air was sucke:i through it 

by a domestic fan ins:ide a sealm. pipe lec:ding to a ventilater ard 

replacement a.ir- was drawn from the room which I7Z:G kept shut so that its 

ventilation system was isolate:1 from the rest of the buiJding as rruch 

as possible. The use of suction tlrough the e:::iuipment ensurai that no 

air cru:ld escape from it an:i contaminate the a:ir in the roan, while 

-positioning the fan inside the exhaust system also ensure:i thEre wer>e no 

possible odow.--s fr:m it. 

'Ihe con:litions inside these bioassay !''Jans closely resemblai 

those in the dari:kroom whE'.r'e the ;noths werie rear-ai. 'Ihe temper'atur>e was 

always between 19 ~5° C arrl 23°C, while the relative humidity was between 

47% an:i 87%.. The light intensity, measure:l in the centre of the 

bioassay table, ver>tically upw~ds, was 150 .!. 10 lux when the 

flucrescent lights Wer'e on.> while the lamp un::ier> the table :i;ro:luced 

O .10 .!. O. 02 lux unless othet'wise stata:l. The natur>al night-time 

illumination was less than O .1 lux but in this case lights such as 

street lamps wruJd also have been visible to the moths thr>rugh the 

wirdows. 

Bioassay l,;.t'Oc:eduzie 

Live v.irgin moths only wer>e used in groups of 20 to ~ac;1 

bioassay apparatus except when specified otherii.rise. When the.ir ages 

wer>e not given they wer>e between one arrl two days old an1 each moth 

was only used once except in the f.irst ser'ies of bioassays when the 
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9':luipment was teste:i. 

The bioassays we:'e time::l to stat:'t at 1100 hour's to coincide 

with the lights being turne:i off in the rearing room. All the moths 

Wa:'e corrlitiane:1 to the bioassay env:irorrnent fer at least hall an hout" 

:ir ier to a bioassay, by being place:i in the assemble::l ~ uipnent with 

the suction an but with the traps discannecte::l an:i replace:i with 

stopperis. Dur>ing the corrlitioning pa::'ia:l the sample chamberis were 

µ'epar'e:i in anothet:' buiJding1 then seale::l with glass stopper's an:i 

caririe::l into the bioassay room. The traps an:l sample chamba:>s Wa:'e 

fitte::l to the central chamba:>s ap:iroxinately 10 minutes befa>e the 

bioassays wa:'e due to be star-te:::l. '11'1c sta.rti."'lg proced':...i;:•...: was first 

to open the sample chamber> stopcocks, then unstopperi their inlets an:l 

finally leave while tur>ning off the room lights. The roam was then 

left W1a.tterrle:l fer half an ha.Ir' cr an ha.Ir' while the bioassays 

p:-ocee:ie.1. At the en:i of the bioassay per'ia:ls the number>s of trappe:i 

moths weri e countw :i.nme::l iately After the lights were s;,1i tch~d on. 

The position that each bioassay an:i its appar>atus occupie:i 

in the m:mif oJ.d arrl the allocation of samples an:l. blanks to sample 

chamberis werie rarrlornise:i. A sample known to be attractive was always 

use:i as a positive control on ever:iy night bioassays Wa:'e pa:>fcrme:i. 

Usually these samples we:>e crushe:i v:irgin females although pcrtions of 

them wa:1 e use:::l after these wer:i e shown to contain all the attractant. 

'Ihe bioassay results fer any night wer;,e all discaro.e:i when everiy one 

was negative, wha:'eas they were all cansida:>e:l if any bioassay was 

positive, regat:'dless of whetha:> it was the control cr not. 'Iwo 

crita:'ia werie r9:lu.ire:l fer a positive response: 

(a) that 15% cr mere of the live test moths we:-e caught in the 

ap:iropr-iate trap; 

(b) that at the errl of the bioassay pe:-ia:1, while the traps 

we:- e being examine:i a> within 5 minutes after;, this, at 

least one of the moths trappa:l pa::'fa>mEd sexually by running 

abcut in circles flutteriing its wings as desa:'ibe::l in 

Chapte:- 8, 
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Results 

The bioassay was ~ven u. prelin::.X12.ry t2St for- ~1:ili' m1 ll01.U, '.;i:th 

gpoups of 20 rrue moths between 6 arrl 7 days oJd am. samples of 1 to 4 

s:iuasha:i rrale a:> female moths less than a day o]d. The results given 

in Table 0 .1 shcwe:1 that rrales we."'e attracte:i to all the female samples 

but not to any male samples while the blanks were similar-ly unattractive. 

The male moths tha-efcrie became trappe:i as expecte:i after> attraction an:l 

this encouriage:i furtha:i wcrk with the appar-atus. 

The bioassay was next teste:i using all combinations of sexes 

as live moths an:1 samples to fin:l if attraction occurre:i in any otha:i 

situation apar't from males to females. <£cups of 20 moths werie 

bioassayej f cr half an ha.Ir' on :J . successive nights but the same live 

moths We:'e use:l. again each time as this increase:l. the chances of de­

t,..:.cti."1:.:_: attraction. One gpoup of males that ·,,;,£ 7 days oJd to start 

with wa:>e given 2 s::iuashe:l. newly eme:'ge:1 females every night as a 

positive control. The remaining two gpoups of males arrl two of females 

were initially less than a day oJd arrl one gpoup fran each sex was 

given a sample of 2 s:iuashe:1. males while the otheri was given 2 s:iuashe:l. 

females. All these sample moths wer-e newly emer'ge:l.. 

The results showej that only nales oJda:i than one day wa:ie 

attracted to females arrl no clear- attraction was fcun:l in any otha:i 

canbination (Table 9 .2). In a:ldition, no moths wer>e trappe:i in any 

bioassay inclu:ling the positive control on the 7th day so all these 

results couJd have been rejecte:1. althoogh no cause was discova:'e:i. On 

the falr'th day no response to the positive control was obtaine:1 even 

though the other' gr-oop of males given a female sample still showa:i 

attraction. This latter' occurTence sanet:bnes happene:i in later­

expa:-iments an:l cou]d have resulte:l. fran the attractant becaning 

cove'.'e:l.. by sane other pa;,tion of the moth when it was s:iuashe:1.. 

On analysis of these catches, the number> s of yamg males 

caught resporrling to females weve significantly differ>ent from their 

res:pective blanks, both when all nights We::'e cons:idere:l. (P < . 002) Cl"' 

men the 7th night was anitta:i (t = 4. 80; P < .001) am. the positive 

controls wer>e s.imiLrly differ'ent fran thejr blanks on all nights 

(t = 4.26; P < .001). However>, no significant diffa:>ences wer>e fourd 

between the catches from both these gpoups of males (P > .60) a:> fran 

rrales to females (P ) .20), an:i females to both males am. females 

( P ) . 70 in both cases) when all nights were taken into acccunt . 



TABLE 9.1 

Responses of 20 male moths in the bioassay 
to different numba:'s of sq_uashed male arrl 
female m::iths. 

SAMPLE BLANK 
Numba:' of Nunber of Number of 
9:1 uashed rroths live moths live moths 
in each sample trapped trapped 

1 female 9 0 

2 ferrales 9 0 

4 females 7 0 

1 male 0 0 

4 males 1 2 
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Age of live (1} (1} 

test moths r-4 r-4 

it in days µ._ U) 

0 0 

1 6 

2 14 

3 8 

4 10 

5 4 

6 0 

7 2 

8 15 

TABLE 9.2 

Res:tX)nses of rriale arrl female moths in the bioassay to sg_uashe:l 
moths of either sex. 

In each bioa.ssay 20 live moths were tested against 2 sg_uashe:l 
sample moths, ar.d the same live moths were use:l each day f cr 9 days 

Live experi.rrental moths 
MALE 

M.AJ..E FEMALE control 

(1} ;l~ Q) Q) (1} 

~ 
r-4 

~ ~ 
r-4 1 ii Q) t ~ t (1} p. 

r-4 i U) 

rl i rn CQ co µ._ CfJ CQ en µ._ CfJ 

0 0 0 1 0 0 0 12 

1 0 0 0 0 0 0 13 

0 0 1 0 0 1 0 6 

0 0 2 0 0 0 0 0 

0 1 0 1 0 0 2 11 

1 0 0 0 0 0 0 11 

0 0 0 0 0 0 0 1 

2 0 0 0 2 0 0 6 

0 0 0 0 0 1 1 13 

~ 
co 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Age in days 
of control 
moths 

7 

8 

9 

10 

11 

12 

13 

14 

15 vl 
~ 
Cl) 
• 
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ftn'.'ther> evidence fer the semal nattn'.'e of this male to female response 

was obtafuej by obse:'ving the sp:iralling ani flutte:i ing 'dance' of the 

males, descr- ibe::l in Chapter> 8, when the catches Wet"e being ca.mte:j arrl 

the moths remove:l from the appar'atus. This dance was fre'.luently 

pErferme:j by males in female baite1 "traps am. occasionally by those that 

remaimrl in the central charnber1s, but it was never> observe:l fran males 

given male samples er fran females. In all subse;iuent bioassays at 

least one of the males caught in an atiractive female baite:1 irap was 

obser>ve:j to per>ferm this dance. 

At this stage in the investigation another roan locate:j 

cenirally in the buiJding became available an:i the bioassay 6:!Uiµnent 

was installe:l into it :!:>ecaus~ t.:r:r. li51tini could be preci.;:; .. ~1y ~nb."'Olled. 

Howeva-, the light cord.itions un:ler> which attraction oca.Jrrro wer>e not 

sufficiently well kno;,m so the responses of males ani females to samples 

of both sex wa:>e therefere :i.nvestigate:j using half hour bioassays at 

light intensities of LO lux, 0 .1 lux (nerrna.l rear:'ing corrl:i.tions)> arrl 

0.01 lux. Again only males wa:>e caught in fema.le baite:j "traps whet'eas 

no attraction occurTro among the other combinations un:ia:> these 

ji£fering corrlitions (Table 9 .3). Howeveri, a higher than nermal light 

intensity of 1.0 lux :i.nhibite:1 the responses of males to females but 

ther>e was no ap:pat'ent :i.ncr-ease in response when a lower> than nerrnal light 

intensity was use:j. All subsEq_uent bioassays werie thet'efcr>e pet'ferme::l 

un:1€!' a light intensity of O .1 lux. 

The evklence from the exper>iments caririEd out so far> in:iicatEd 

that only males responie:j to females but as final p:ioof of this a Set'ies 

of half hour bioassays was per>ferme:l with naive moths using both live 

ard sample moths of diffet'ent sex an:i age. These bioassays wa:>e run 

whenever sufficient moths became available an:i this often necessitate:1 

grruping them together> because mass rear>:i.ng ha:l only recently been 

starite:l. In this expa:>:iment only males agEd 1 day er oJdet' we:'e 

attracte:l to female samples ani no responses wer>e obtaine::l from the 

rerna:i.n:ing combinations (Table 9 .4) . However', two ananalous results 

wa:'e obse:'ve::i ; in one bioassay tl11'.'ee males Wet'e att&acte:1 to a female 

sample while 5 wa:>e catght in the ccrresporrling i;lank irap, arrl later' 

on tlree males Wet'e caught in a male ba:i.ta:1 irap. The latter' result 

could have been due to chance but this was an unlikely explanation of 

5 males becoming trappe:i in a blank, r.f(;!l~,.~ it was mere reasonable to 

asswne that sane contamination ha:l occtr'ra:1 despite the µ,ecautions 



TABLE 9~3 

Relationship between lig.11t intensity arrl the responses of male an::l. 
female moths to squashe::i moths of either> sex in the bioassay. 

Far each bioa.ssey 20 live noths wer-e teste:l against 2 squasha:l 
sample moths. 

Live experimental moths 

MALE FEMALE 

(1) 
ri 

g~ 
(.1) rtl 

Light I Cl) Cl) Cllj ~ M 
' • Cl) Cl) n M 'ci,; m 1 

intensity ...-! M .~ CJ g, ~ sl ~ l II ~ ~ 
IDX H ~ i ~ & ~ .. ' ill 

... "' ! 

,1 

CJ~ Cl) 
..!:G M ..!:G 

1. i:: ClJP. i:: 
:, Ctl n !=, Ctl 
d M cd Ctl n 
(J p:j :::s Cl) p:j . 

1.0 ~-1gl o o r o o o I 1 9-10 

<.ll 
ri 
rj 

ffi 
ll-i~ 
(l) rd 
>"::i 

•rl 
rl c:: 

·rl 
4--l 
0 1! 
0.) +-' 

J:O ~ 

9--10 

~ 
. I 

·o g o o j 1 o o o I o 101 1 11~ 

• 3 0 i ~ 
!0.01 ir;- o • o i--;-ti°1~-1 ;-11u7 12-13 

L
• tL 3 0 I j· I I I 'I J 

.1 ,_;_ : ! ---·-·--.1_,~--!.· .l \...~ 
\rl 
0 . 



'H ,...._ 
0 U) ~ Q) ,.C 
o>+Jr-J 
~~ 8 1j ........... .:: ....._,, 

0 

0-2 

1 

1-8 

2 

2-9 

3 

3-5 

3-10 

4-6 

5-7 

6 

6-7 

7-9 

7-10 
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Table 9.4 

Responses of male arrl female moths of different ages when bioassayed 
against squashed moths of both sex arrl of different ages. 

(20 live moths bioassayed against 2 squashed sample rwths) 

NUMBERS OF MALES TRAPPLD NUMBERS OF FEMALES TRAPPED 

Q) G) 
~ ii ~ 

'-H (1.) ,..... 

ii ] ] t § 0 rl Cl) !:'; 
(1.) g. 

(1.) t ~ Fa ifi2 rl rl rl 
~'© 

rl µ.., Cl) ::0 ,.:~ rn C'.l r..,:.. Cl) c:Q C:0' 

0 0 1-2 
1 0 0 0 3 

3 5 0 0 0 1 1 0 0 

11 0 1-2 
11 0 1-2 

0 1 1 0 0 
1 0 0 0 0 
3 0 0 

1 1 0 

0 0 0 0 1-2 

7 0 0 

7 0 1 1 0 0 3 
0 0 0 

0 0 1-3 

9 0 0 

10 1 0 0 2-4 

14 0 0-2 
0 0 7-10 

9 0 1 0 1-2 

9 0 0 0 0 
9 0 1 2 0 
7 0 0 

0 1·2 0 

12 0 0 
0 0 0-2 



352. 

taken. Folla...ring this bioassay the "Deem" baths were cleaned rut and 

replenished. 

Analysis of these results shewed that the catches of males 

attracted to females were signif ica-ritly different fran their blanks 

if the respa,ses of newly hatched males were excluded (t = 10.l;P<~OOl) 

er when all results were considered Ct = 7 .0;P<.001). The catches 

for all other canbinaticns sha...red no significant differences fran their 

blanks with pt'obability values of P > 0.54 far male to male samples, 

P > 1.0 far female to ma.le samples, and P > 0.45 far, female to female 

samples. 'Ihese experiments therefar>e conclusively demonstrated that 

only male moths were atiracted by the cdoors af females. 

Once attraction had been demcnstrated two additimal 

experiments were performed to investigate hew the bioassaywcrk~. 

In the first of these the effects on the responses of male 

moths of different light treatments :imrrecliately before a bioassay 

were investigated to find if this was a possible explanatia1 of why 

occasimally all the bioassays en a night were negative. In this 

experiment, none of the moths were ccndi tioned to the canplete bioassay 

envirorment before it was run but all were placed in the central 

chambers one ha..ir bef arehand. One gr>oup of moths was used as controls 

and was given cmstant light dllI'ing this time while the other males were 

placed far varying pariais inside lightprioof bags where they were in 
the dark. 'Ihe timing of these dark periais and the results of the 

bioassays are given in Table 9. 5 and it can be seen that the ma.l~s' 

responses were inhibited by darkness befar>e a bioassay and that this 

inhibiticn cruld be lost if there was a sufficiently lcng light pericd 

between the dark one and the bioassay. 'Ihis experiment demcnstrated 

the importance of keeping the moths in constant light before running a 

bioassay and gives one explanaticn far, bioassay fai.lut'e if the lights 

were inadvertantly switched on and off without my knewledge by students 

or' cleaning staff during the bioassay procedure. 'Ihe lights were 

saxetimes found switched off at the end of the conditioning pericd and 

in these circumstances tha bioassay was cancelled. 

In the second experiment the bioassay was .investigated to 

firrl if it was quantitative. 'Ihis was done by bioassaying different 

quantities of one chloroform extract of 30 females far half an hour. 

Different quantities of the sane extract were used to ensure that 

precise differences were obtained in the amamts of attractant in the 



TABLE 9.5 

The effects of different light treatments immediately before 

a bioassay on the responses of male moths to females 

Each group of 20 males was given 2 squashed females 

Cl) Cl) 
~ Cl) 

a. ~ a. ~ a. ~ a. ~ 

E C E C E C E C 

C C C _Q C C C C 
I.I') ..0 I.I') ..0 II) :::0 II) :::0 

TIME 

2000 

----0 

-0 
Cl) 
C ... 
2 
Cl) 

I-- ... 
2035 Cl) z 3: 

w "' ~t 
I-- .:.= 
-<( 

C 2055 w Cl) 

~ ..c 
I-- 3: 

2100 

.& 
I- C 

u 
:I: =-u -0 

(!) -~ 0 - ... 
...J "' Cl) 

0 a. 
Cl) ... 
C 

~ >-... C 
C "' "' 0 C 

0 
CCI 

2200 

Number of males 
trapped 0 0 0 12 7 0 



samples. This extract was reduced to 5 ml and the samples used had 

the equi v.:ilent amounts of 2.ttractur.t contained within O. 6 females, 0 .12 

females, and O. 06 females . The rosul ts of these; bioassays 

give.,_, i."1 Fi~ ~ . 2 si1a-i that there was a wide variation in the 

numbers of moths attracted to the sam:; sample but after analysis 

significant differences were found bet-1een the O. 6 equivalent female 

sample and both groups of 0.06 equivalGDt female samples (P < .01 and 

P < • 005) . The resul t--s from no other grouµ:, of samples shewed 

significant differences at the 5% level but this experiment did shrn 

that the numbers of rroths trapped were related to the t)ffi()unt of 

attractant in the swnple. ilo;-1ever, t~e effective quantitative range 

of the bioassay was relatively snull since a tenfold dif ferencc from 

O. 6 to 0.06 equivalent ferrcles reduced the rrean ec1.tc.'1 of available 

males from 73% to 34.5%. Consequently it would have been increasingly 

difficult to detect and significantly demonstrate smaller amounts of 

attractant whereas much larger quantities would still give positive 

results that were not comparably quantitative until possibly the 

amount was so gr-Bat that its odour inhibited or disrupted trie males 

behaviour. 

Once the bioassay had been sham to work effectively it was 

then used for finding th.a loeu.tion of the attractant in the fenale. 

The bioassays were t"'.eref ore used only to indicate attraction so they 

were all run for one hour to increase the mmibers of moths that were 

trapped, The parts of female moths used as samples in this inves­

tigation and the sequence of their bioassay are shrnn in Table 9. 6 

together wit~ the results. In each exper:i.nent except the last two, 

the remains of the moths after the samples had been removed were also 

tested on the sarre nights so complete moths were bioassayed in parts 

and therefore whole squashed females were frequently not used as 

controls. In addition, attraction was so obvious that statistical 

significance w.:is not sought at each stage and instead, conf:i.rrration 

was obtained in the subsequent experiments. 

Initially the clxiorrens were removed from fenale moths and 

bioassayed against i.,jhat was left instead of blanks to save ti.rre. 

There£ ore in each bioassay, an atxiomen was used as a sample for one 

trap and the remainder was used for the oti"ler. . The abdo.rrens were 

found to be significantly attractive (Tuble 9. 6) but t'<-le catches of 

male moths in the traps baited with the rem:rins of the ferrules were 



355. 



TABLE 9.6 

Isolation of the region containing the sex pheranone glan:l 

of P. opereuZeZZa. 

Canplete moths were always bioassaye:j as pat'ts so controls 

were mt always run. When they wa:>e, each consiste:i of 

two canplete squashed female moths. 

The pat'ts of the moths bioassaye:i are shewn pictcrially 

next to the bioassay results. 

A - J: cut when frozen. 

M: last pat't of alrlanen with ovipositcr exterde:i 

by IX' eSSU['e . 

N: Ovar'ies, lateral arrl me:i.ian oviducts. 

0: Spennatheca, spennathecal glarrl ard associate:i ducts. 

P: 8U['sa copulatrix. 

Q: Accessat'y glarrls, reservoirs, ard ducts. 

R: Anteriat'. region of vagina with apophyses antE!t'icres. 

S: Ovipositor an:l postericr region of vagina arrl rectun. 

T.U.W: Pcrtions of ovipositor. 

XE to XA: Frozen sections of ovipositor. 



.... •··~s 

A:::::::::::::::::::::: ..... ~····E3c 
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·············C7P 

·······································~~ 
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Figt.I£e 9.2 

Relationship between the numbers of male P. operauteZta 
responding in the bioassay and the amount of female 
extract 

The standard errors are indicated and the rwJ data is 

given in Append.ix 2 . 15 . 
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no gr>eate:i than couJd be accounte:i fa' by chance. The possibility 

that the rest of these. females containe.:l. sane atiractant whose effect 

was naske::i by the relatively gpeate:i atiraction of the:ir ab::lanens was 

dis:i;roven on the next two nights when blanks wtre use::l with samples 

coru.;isting eithei, of fE"..ma.le abdanens er- the rest of the:ir balies. 

When the ab::lomens We:'e shown to contain the attr>actant 

they We:'e then cut into var>ious pcrtions an:l bioassaya::l with conflicting 

results although the attr>actant appeare::l to be locate:i sanewher>e in the 

poste:'icr part. This apparant Vat'iation in position, hcwever>, suggestEd. 

that it was eitha' on one er m<X'e infoJd.Ed. pcrtions of the integument or 

ir: inter>nal O'."gans. Attempts to remove arrl bioa.ssay parits of the 

integument We:'e inconclusive but when the ab::lanens were SIUeeze:1 some 

dcrsal inte:'segmental mernlranes inclu::ling the one between the Jt:h arrl 

l◊t.1 segments on the ovipositcr We:'e cibser>ve:1 to be relatively J.ar:>ge. 

The ovipositO'.'s wer>e teste:i f:irst an:l samples wer>e ma::ie by cutting them 

off with the tips of the alxianen after> exten::iing them with :i;resswe. 

The two bioassays done on this also give inconclusive results so it 

appeared. that the atiractant was locat61 in some inte:'nal O'.'gan wher>e 

its position cruJd vary. The rep:iaiuctive crgans wa:ie ther>efO'.'e next 

dissectej into parts an:i these wer>e bioassayed. with the result that 

the attr>actant was fourd to be locate:i in the ovipositcr. Hcweve:>, all 

the samples on one night we:ie positive p:iobably because they became 

cross contaminatcl dl.Ir'ing the:ir µ,epariation, an:l this cru]d also be the 

explanation of why both results wer>e positive in one of the above 

expe:'irnents in which ovipositr1rs an:i the rest of the moths wer>e 

bioassaye:i. 

Attempts werie then rnaie to locate the atiractive region in -

the ovipositcr. F:irst exterrle:i ovipositcrs wer>e remove:i an:l carefully 

cut with :iris scisscrs into trree par>ts. The bioa.ssays of these shcwe:i 

that the attr>actant was containe:i within the m:iddle region consisting 

of the poster> icr en::i of the 9th segment an::i the anter> icr en::i of the lCrt.i1 

abJonrinal segment. Its position within this region, hcwever>, cru1:i not 

be satisfactcrily locate:i fl.Ir'tha:i by dissection althrugh after> 

µ,actice, the extern.cl dcrsal intEr'segmental mernlrane between the 9t1 

an:l :_c,+-_h segments was cut off ani bioa.ssaye::l, but it was felt that these 

results wet:'e a,,roneous because dissection was difficult, relatively 

l::r'utal, ani took so long that cross contamination almost ce:itainly 

occurTa::i. An attempt was then rnaie to bioassay frozen sections of the 
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exten:ie:i ovipositcr but most of the sections appeat'e::i to be attractive 

in two trials so it was again conclu:ie::i that contamination ha:i 

OCCl..lrTe::i dllr'ing the p:1epar1ation. Finally, hi~tological r.~thal.:.; were 

use::i to firti the attractive region am. these curl the:ir results ar:'e 

d escr ibe:J. in Chapter- 10. The iX ~s ,mt ex;.er.:unents , h<.W;;;!Vi2l', narr10,,Jed do;..'n t""le 

location of the attractive region to a srrall parit of the moth that 

was relatively simple anatomically! ther-eby ma.king the histological 

searoch consiie:'ably easie:' . 

Discussion 

The µ:, esence of a sex pher>anone which is :i;rcxl. uca:l by the 

female P. operauZeZZa to attract the male has now been conclusively 

denonstrata:l in the labcratcry. This is in agr>eement with the 

conclusions drawn fran field exper-iments arrl obser-vations of the 

moth's sexual behaviour' in the laboratory (Chapter- 8). 

The use of sq_ uashe:i moths as samples fer testing in the 

bioassay eliminate.:l the possibility of attraction being a response to 

othe:' . than olf actcr'y stimuli. At the same time it enswa:l that all 

canponents of the pher'c:mone WE!:'e present. Fwther>mcre, attraction 

towar'ds a fcx:d sol.lr'ce seemed unlikely when it was shown that only 

males werie attracted to sg_ uashe:i females, whereas males of any age 

werie not attracted to s:i,uashed males, arrl females of any age werie 

not attracted to either s::i. uashed males or sq_uashed females. However-, 

the una;i,uivocal demonstration that this behaviol.lr' of the males was 

a sexual response was ma:ie by obser'ving their pi:'ecopulatory "dances" 

whic.~ they pe:'forme::i after, being attracte:l to the a:iol.lr'. 

The other> p:'imal'.'y use of the bioassay was to locate the sex 

pheranone glarrl in the female, arrl this was accc:mplished with 

satisfactory µ:,ecision. The pherc:mone was derronstrated to be µ,esent 

only in the ovipositar, am. a strong irdication was also obtaina:i that 

it is pr'cx:iuce:J. in the middle third or so of the ovipositcr. As far as 

is known to me fran the lita:'atl.lr'e, this pcrtion of the rroth's body 

containing the glard is as small as any located by bioassay. 

Ce:'tainly P. operouZe7,l,a is amongst the smallest moths which have 

been investigate::i in this respect, ard most resear'chers only narrcw down 

the location of the glard to the ovipositcr ard then identify it by 

histological methcx:is. 



Apar-t fra,1 the initial e}._-periments fer testing whether' er rot 

the bioassay was suitable, only two l:rief a:iditional exper-irn.cnts were 

carria:i out to check important aspects of the moth's ba11aviow in 

r(..;lation to the bioassay. The first of these was carrie:l out to 

determine the effects of different light 1reatK1.ents irrme:hately before 

a bioassay. This dernonstrate:i the possible detrimental effects of 

subjecting the rroths to a dark pe.rim folla-Je.:1 by another light :i;:.,er'icxi 

before a bioassay. This, ther>efcre, gives one demonstration of the 

impcrtance of cat:'e being taken to avoid subjecting the moths to 

environmental factors which they n:rma.lly do not experience in their 

natur1al habitat. 

The secon::l ex-per'iment provido:i an irdication that the moths 

resporded to a sex attractant in the bioassay at light intensities of 

0,1 an:i 0.01 lux, but that they did oot at l.C lux, Since Beck (1968) 

r£.c;pcrts that rnoonlig."1-J.t seldom exceeds O. 2 lux, am that stac light 

values are usually about O ,001 lux, this experir:Ycnt ten:is to confirr.1 

the field observations that the rr.a.les cll:'C attr-actErl to females at the 

beginning of the night a.'Xl not dur>ing t're la111 light intensities at 

ciw:(. Hawever, the use of sticky tr-aps be:.ite::i with extracts of fem.ales 

demonstratoo that sa.1e maleG will respom to high concentrations of 

sex attractant in the field during the day (Chapter' 8) so it was 

therefore likely tha.t the concentrations of pheror.'.JOne in the lJioassay 

wa .... e not un::luly high. T'nere is also the chance that the pheranone 

was 1..:~;ced in some \,1ay in the pacticulac sample given to the ma.le moths 

:J.t 1.0 lux because this expecii.rnent was not replicated. 

Possibly P. operauieiia. shows a behaviowal response to light 

similar to the noctuid T1,,iahopl:usia ni(H,'.ibner') wh.Lch alsc mates a:t night. 

ShCC'ey ard. G;iston (1964) teste:1 the males responsiveness to the 

pl1eromone by bioassa.y at light inti:.msities of 0.1, 0.3, an1 1.0 lux 

an:l fourd that it was ~ea.tly inhi.l..lite1 above about 0.3 lux. ShOl'.'ey 

(1966) la.ticr fomrl that although light intensities above 0.3 lux 

;,1ere inhibitory some of the moths would mate at higher kvalo, In 

a:ldition, he rep<rted that within the range of 0.3 lux to 300 lux the 

J::t'Opa'tion of moths that did mate was inver-sely ccrrelated v1ith light 

intensity. Fwther' research is, howeve;,, raiuired to determine 

whether er not P. operau"le"lZa does show such a behaviow. 



Most of the published laboratory bioassays for female sex 

pheranones of I..epidoptera have depended upon observation of male 

behaviour: each of the rnaj or behavioural steps leading ta-Jards 

copulation (described in Chapter 8) having been selected by one 

researcher or another as their bioassay criterion (Jacobson, 1972). 

fc:tr' example activation from rest has been used with Epiphyas 
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postvitta:na (Walker) and T. ni by Bartell and S110rey (1969a), and Shorey 

et al;., (1964) respectively; wing vibration has also been used with 

T. ni by Shorey et a 7,,. ( 19 64); pre copulatory "dances" have been 

selected for Bombyx mox>i L. by Karlsoo. and Butenandt (1959); and 

copulatory movem-:mts have been used with Porthet:.--i,a dispar (L.) by Block 

( 19 60) and with three species of Heme1~oaampa by Frech and Gt,isdale 

( 19 75) . Up-.vind attraction of males to females has also been chosen 

as the bioassay cr'i terion for the noctuids Prodenia Zi tia>a ( Fabr. ) , and 

Agvotis ipsil,on (Hufnagel) (Flaschentrager and Amin, 1950), and T. ni 

(Hubner) (Toba, Kishaba, and Wolf, 1968); and for the phycitinids 

Plodia interpunatella (Hubner) an.d Anaga.sta kuhniella (Zeller) 

(Schwind<, 1953). The bioassay developed by Toba et al. (1968) is of 

interest because these authors obtained a linear response of the males 

over a 15-fold increase in pi'1eromone quantity when plotted against log 

ooncentration. 1his is a similar effective concentration range to 

that obtained in the present study. Their bioassay consisted of a 

Y-tube and depended on the up;vind mgrc1tion of the male T. ni into one 

arm of the apparatus. Mayer (1973) later demonstrated that a bioassay 

based on UfM1.!1d attraction of male moths can give a considerable 

improve:rrent in the arrount of information obtained when compared to 

other IIEthods. He used a "tunnel olf acton:eter" similar to one used 

with mosquitoes (Mayer and Janes, 1964). This consisted of a long 

square section tube with the ends closed by fine wire rresh so as to 

confine the moths and to permit the suction of rOOY.J. air t..i-u-iough the 

apparatus. In ad.di tion, it was separated into 12 equal compartrrents 

by dividers t..11.at could be raised to give the moths uninterrupted 

access throughout the tunnel, or quic.1<ly closed to trap them. The 

pheromone was dispensed in ill1 up;,-1ind diffusion d1amber cJI1d the 

dividers were later dropped so that the number of motli.s in each 

co~ar1:rrent could be counted to assess their response. Mayer (1973) 

used the intensively studied species T. ni and reported that his 
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bioassay gave the a:ided a:ivarrtage of pet:'mitting the measwanent of 

attraction to the pheranone over the entire range of activity fran 

tlr esho]d to the point wher>e the concentration of phEranone began 

sup:i;ressing activity. The mmilia> of moths that resporde:l to the 

phEranone increase:i lineat'ly overi a 40 to 50-fold. ina,ease in the 

concerrtr>ation of pher'omone in the air. This ccrresporde:i to a 104-foJd 

:i..n.ct'ease in the quantity of pheromone in the dispense:>. In the µ:,esent 

stu1y a linear> response was only demonsirate:l ove:i a tenfold 

diffe=-ence in the amount of pher;,anone exb::'act i:resentoo to the moths, 

arrl Uppet:' ard lower' limits of the bioassay We:'e rot deta:>mine:i. In 

a:idition, the metho::l of dispensing the phe:'anone was diffEr'errt frcn 

use:i by MayEr' (1973) arrl the concentration of ph,a:,anone in the air WilS 

:rot dete:'mined, so the results at'e therefore rot canpariable. 

Dur:>ing the pt'esent investigation it was evident that the 

responses of the male moths terde::i to ina::ie.::ise as the pcrtion of the 

female's body containing the pheranone glarrl WcJ.S p:'Og:'essively 

nat'rowed• dam to a srnalla:' ard smaller region. Obviously the total 

amount of pheromone i;resent couJd not increase in the i:reput>ations 

unless it Wc3.S due to chance var>iations in the arrounts :i;resent in 

diffEr'errt irrliv:L::iual moths. It the:'efare follows that the pher'omone 

was being par>tially rnaske:l in sane way in lat' ge samples, an:l that 

the ffi:l.Sking agent was p::'Og:'essively remove:i as the sample containing 

the phe:-anone became smaller'. A likely explanation is that the 

phe:-anone is soluble in fat so that in a::iushErl specimens containing 

lat'ge amounts of fat much of the pher-omone dissolvoo ard as a result 

became ineffective. The ab:iomen contains the largest stores of fat 

in the moth, :i;rincipally in the ova a.rd fat bo:iy, arrl its removal 

shouhl thE!r'efore in<:r'euSe the amount of available phEranone in the 

samples, if in fact this is the ca:Tect explanation. It does, 

howeve::', seem likely because Rothschild (1971-1972) repa::itoo that the 

phe:-anone of P. operaul,e7,Za is an acetate, an::l fwtherimore, it is 

probable that this pheromone is an acetate of a straight chain mono­

er di- unsattrate:i alcohol of 14 to 16 carbon atoms because this is 

the structwe of most pher1omones that have been identifie:l fer female 

Lepidopta:-a (Jaco~son, 1972). 

AnothEr possibility is that the JIB.Sking of pheranone is due 

errt:irely to its being cover>e:i by some other> part of the crushe:i 

sample am. that this ei the:' blocks CY' slo;,.,s da-.'11 the rate of 
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eva.poratia..'1 of p.ri.a..,omone into the atraosp.~re. i3ot"l-i. t"he effects of 

covering a p.1.eromone and ~fording it a r::ediura in whid1. it dissolves 

may act simultaneously in. :rr.asking. 

Generally squashed fer:iale r.1oths or Cl'.'Ude ext1:1acts of then are 

attractive to males of their a,m species (Jacobson, 1972) altl1ou&1. a 

number- of cases of :m:::sJd.ng or inhibition of the males response to the 

female p.1--ieromone have been reported. An extre:rre example) whid.1 occU1.--s 

when complete moths are. used as samples, ·;ias described by Kellogg 

(1907). He fotmd that excised glands of B. mori attracted males 3 

whereas complete mutilated feEE.l.es were not attractive. In sone cases 

masking or in.,,ibi tion have been traced to contamina.-rits or .irnpuri ties 

in the sample "being tested. Tl1is has b(.:en reported for P. dispar (L.) 

(daters, and Jacobsen 1965); Sa,;rZ,.a ai_1athia (Drury) (Jacobsen and Smalls) 

1967); and lle'liothia zea (Boddie), and !le Uothis vi1:•escens (Fabr:,) 

(EP....rger, McGougp, and Na.rtin, 1965). Ha,1ever~ Shorey and Gaston (1967) 

reinvestigated the presence of masking compounds in crude extracts of 

H. zea and H. virescens using quantitative bioassays for their 

pnoromones, and could find no evidence of their existence. 'There is 

also an indication that an additional compound may be present in the sex 

ph2romone of P. in terpwwte Ua which inhibits male Cadra ca:ute Ua 

(Walker) from responding to their o.•m females, because Ganyard (1970) 

found t'1at tl-iis irfrubition occurred in the presence of calling P. 

in terpuncte 7, la and both pr1yci in.ids use ti"'le sane pheromone ais-9., trans­

Z-2-tetradecadien-l-ol aootat'-.:! (Kuwahara., Kitamtn."a, Takahashi, Hara~ Ishii, 

and Fukami, 1971._ brady, '.I'umlinson, Bra,mlee, and Silverstein, 1971; 

Dahm, R.ichte:r\ Heyer, and Roller, 1971). 

Masking agents or in,.1.ibi tors of responses to pheromones can 

either be chemicals whic.11. are entirely different f--rom the sex p..7.eromone 

or chemicals that have a closely 1,elated structure. 'Ihese latter 

compounds can so:rretiEes be synergists, but the fact i:J1at many are po-tent 

in.1-iibitors is inte.resti.rig in tl--iat they give support to the st~o­

d1ernical tri.eory of olfaction as discussed by Amoore (1964, 1970). 

Presumably they have. tlle required molecular conf i&.ruration to :react with 

the binding sites on the male ante.,_·r-mal receptors. They do this with 

varying degrees of affinity~ thus competing ,;-1i ii1 the attractant or 

rncdulating the sensory input it prcxiuces. 0-nc example of suc.'-i an 

in.""1ibitian is given by Jacobson (1969) w.r10 found that as little as 

15qJ of t11c cis-ison"Br of 11propylure 11 (10-px'Opyl-trans-5, 9-tridecadien-
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1-ol a.cetate) will canpletely nullify the activity of the trans-isarer 

of nale Peatinophora gossypie Ua Saunders. Other eXc:lJ!Iples include 

inhibitors for sex pheronnnes of Grapho"'litha moZesta (Busck) (Roelofs, 

Correau, and Selle, 19 69), AI''J'JI'Ota.enia ve lutinana (Walker) (Roelofs 

u11.d ~au, 1971), Choristoneura rosaceana (Hurris) (Roelofs and 

Tette, 1970), and P. interpuncteiia (Hubner) (Brady, 1969); .:ind to 

"hexalu:re", a synt11etic attractant of male P. gossypie i la Saunders 

(Beroza, Staten and Bien, 1971). 

Samples for bioassay which consist of squalif1ed fem::i.les 

or crude extrn.cts of them are also likely to contain chernieuls, such as 

focx:l attractants or repellants, that affect males in other ways. 

It is therefore, pcrn.aps, surprising that suc'l-i surnples elicit only 

sexual respooses in so many cases . 



Chapter 10 

The male an:i female sex pheranone 

glan:ls of F. operoul,ell,a 

Intrcd uction 

364. 

M.eesan et aZ..(1969), in a lrief repcrit, note:i the existence of 

a female sex phet'oJIDne in ~. operau z.e l 7,,a which attracts an::l excites the 

male, an::l they state:i "that the tissue source of the pheriom:me is a glard 

which is in the fcrm of a dcrsal invagination of the intersegm3ntal 

meml:rane between the 8th an:i 9th alxlominal segments . . . In the 

glarrl.ular region the epithelial cells of the intersegmental mernlrane are 

m:rlifie::i into closely pa.cke:i cuboidal cells with large spherical nuclei. 

The cuticular> covering of the intersegmental memlrane exterds over the 

glan:i ulari cells, but in this region the cuticle is uneven arrl. varies in 

thickness .. ," Afeesan et al. (1969) rra:ie no mention of a possible male 

phet'omone although structur'es which may liberate such substances have 

been notice:i in P. op~rcitleZ.1-a by Povolny (1964). This latteri author' 

cons.lderoo that the .. ,.irpencil crgan on the hiniwing of the male was an 

"osmeterisches Crgan" er an crgan concer'ne:i with dispensine; a::lows, but 

he did not desCTibe its structur>e. Povolny (1964) also note:i the large 

rnaCI"'oscopically visible scales er ccreniata at the erd of the male' s 

ab::loiren but did not mention a µ,obable function for them, although such 

structures are generally µ,esume:l to function in scent distribution 

('fuxen, 1970). 

Earlier in the µ,esent stlrly, the female P. aperculel,l,a was 

danonstrate:i to pr>aiuce a sex pheriomone whl.ch attracts the mule, ard. the 

glarrl which µ,o:luces it was shown by bioassay to be situa:te:i within the 

middle third or' so of the ovipositClr' (Chapter 9). In a:ldition, observa­

tions of tre male's behaviow shc:wa:l that dur1ing courtship both the 

car'emata an:l the wing hairpencel er gans were splayed out. Fwtherm.at'e, 

removal of the him.wings, on which the hairpencils are locate:i, was 

obserive:i to cause a considerable. re:iuction in the efficiency with which 
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males 1.nitiate:l ropulation, suggesting that these orr;ans d1.spense:l a 

phEromone whl.ch sub::lued er suppt'esse:l. the escape reactions of the female 

an:i thEreby facil1.tate:::l ropulation (Chapter 8). This led to the 

histological search fer pherom:::me glan::is 1.n both the male an:i female 

P. opercul,eZl,a which is the subject of the µ:,esent chapter. Also 

inclu::le:1 hEre is a descr'iption of the external rrorphology, histoloeY, 

am. uJ.:trastructur'e of these glan:is. 

Metho:ls 

Norm:il histologiccl metho:ls werie used illl desCTibed in 

C:1apter 3. 

The male pheror.one glards were pr'epare:::l for examination with 

the scanning electron rniCToscope by affixing the wings to aluminium 

stuis with a con:lucting a:ihesive, freeze drying them at -35°C to 

minimise ben:ling arrl distortion of the thin cuticulari siructwes dw.mg 

drying, an::i then coating them. with a thin layer of a platimnn goJd alloy 

um.er high vacuum. 

The female pherorocme glarrl was pcieparied far' examination with 

the scanning electron m1.cr'oscope using the same metho:l uS that describErl 

in Chapter 7 . 

The male arrl fei--nale sex pheriarone glurrls were embed:ie:i an:i thin 

sectione::l fer examination with the transmission electron r,ri.cr'oscope by 

I1r' N.G. Leet of Meat Research Inst1.tute, Hanu.lton. The female glanl 

was first dissectErl away from most of the oviposi tor except for the 

ja:isal swface, an:i it was then pciocessErl using the norm:il methcrl as 

descr>ibed in Chapter 3. Th1.s methcrl, hawever, did not pciove sat1.sfactory 

with the wing glarrls of the mru.e because the hyjrophobic cuticle reduced 

penetration. A nurnbe::' of treatments were triEd. to overcome this:­

unsatisf actcry results were obtaine::i by cutting out a very small 

section of the wine containing the glarrl am. holding it un:ier each of 

the solutions. Attempts to remove the lower S1..lI'face of the Wlllg 

damaged the phet>ornone gL:m:l. Washing the moths in toluene, followed by 

• teepol: an:i then water resulted in damage to the ul irastructur'e. 

Eventually goal results were obtaine:l. by the following metho:l . A very 

small area of wing containing the phei:iorrone glillrl wu.s cut from the wing. 

This was then placed far' 48 hows 1.n 4% gluta....,~ldehyde in CaCcx:lylate 

buffer (pH 7. 3) to which a trace of teepol ha::l been a:ldErl, suf fi.cient to 
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just wet the cuticle. FU!'.'ther processing was carried out by Mr' Leet 

an::l this consisted of a m::rlification of the na:imal :priocedure which is 

detaile::l in Apperrlix 3. 2 . Briefly, the rrujor changes consiste::l of 

a::lding an 0.05% a;iueous solution of"Decon 75., dropwise to each liquid 

'Which did not wet the cuticle until the wing frappient submersed, of 

incr'easing the tJ..me the specJ..men was kept in each of the solutioru:: to 

assure goo:l. penetration, an::l of using Spirr' s lcw viscocity epoxy 

Embed.ding mErlium (Sp..t,'r, 1969). Once ernbedde::l the region of the wing 

fr agrnent which contained the glarrl cells was locatErl by cutting sections 

1 to 2µ thic.lc on the uliraniCr'otome a.rd i;reparing these for examination 

with the light microscope. 

Identification of the pheromne glan::l.s 

Female 

In axler to identify the pharomone glarrl of the ferrcle complete 

transverse an:l longi tuiinal serial sections were ITlr."De of the tip of the 

ab:iomen with oviposi tcr' exterded . The ill1J.tanical structlll'.'e of the 

ovipositcr was found to be relatively s1Jnple, arrl consisted of an outer 

integument which enclosed a pair of laterally si tua.te:l. apophyses 

posteriores, a mass of muscle fibres, a dcr'sal rectum, arrl a ventral 

vagina ( Figure 10. 5) . The rectum an:l vagina ,re both histologicclly 

un:ifcrm along the length of trie ovipositct."" an:i since there was a strong 

indication thu.t the pheromone source was situatm. only in the nuddle 

third of the ovipositcr (Chapter 9) then it follows that it is unlJ.kely 

these crga.ns play uny part in pherorrone pl'.'aiuction. Hcwever, nn exarrri.­

nation of the integument revealed th:1t the epithelium lining the dar>sal 

sac-like invaginab.on of the inter>segnental m.ernlrane between the 9th and 

10th ,'.'l.lrlominal Se§Ilents on the oviposi tor was nuch thicker thiJ.11 the 

hyp::rlermis elsewhet'e in the oviposito::' an:l alxl.anen (Figt.tr'e 10.5). The 

hypcrlerrna.l cells ar-e genet'ally flat when not a.ctively involved in the 

p:iocesses associ.:ited with moulting unless they ure concE!r'na:i with some 

secretory activity (WigglesWat.""t'l-i, 197 4). It appeared, therefore, that 

the dorsal invagination of the ovipositor was the pheronone 3larrl es 

repcrte:l. by A:leesan et aZ. (1969). It must be roted that a differ-ent 

terminology £ran that of Pdeesan et aZ. (1969) is used here for the 

se~ents of the oviposi tor, but as expla..liled in Chapter 7 the musculatlll'.'e 



of the oviposi t<r rai tri.res investigation befcre the ccrrect relationships 

can be determined. between the segments of the ovip:,sitcr ard the 

ab:lorninal segments. 

In a:ldition to the histological searcL, the SLlr'face of the 

entire ovipositcr was car'efully examined with the scanning electron 

miCT'oscope but no obviously porous areas of cuticle were foun:l. The 

sut"face structut'e is desct"'ibe:i in the following section on the fomale 

pheromne glarrl . 

Ma.le 

The sear'ch for possible male pheromone glands was more 

difficult than the search f<r the female glan:l because, apart from the 

experiment involving removal of the hin:lwings, there was no evidence 

othai than from morphology an:l histology of the:ir possible wherieabouts. 

Complete transverse an:l longittrlinal sections were rrme of 

the him.wings an:l these demonstrate:i that the cells at the bases of the 

ha:irpencil scales were different from the cells at the bases of nar'm.3.l 

scales, being bigger an:1 having larger nuclei (Figut"e 10.21 ) . The 

histology of these glanis is desCT'iba:i in detail in the section bele»J 

on the m.3.le pheriomone glanis. In cd.di tion, the cuticle of the ha:irpencil 

scales was eosinophilic ( Fig1..ll'.'e 10. 21 ) arrl this was not obser've:i else­

where in the insect suggesting that this cuticle was in some way 

different from the rest. The fact that these ha:irpencil crgans are 

displaye:l an:l opene:l ont only during cout"tship, together with the 

observation that removal of the hin:lwings results in disturbance of the 

ncrmal mating beha.viol.Il."' lecd.s to the conclusion that these organs are 

male phe:>omone glarrls. The:ir glan:.lular structl.lr'e was also later 

confirme:i by an examination with the transmission electron niiCT'oscope 

(desCT'ibe:i belaw in the section on the male pheranone argW1s). 

A rrorphological search of the forewings, abdomen am. thcrax 

of P. operaulella in:iicate:i that the only other probable sites far' 

male pherorn:me glarrls were the corerrata. Canplete transverse Ser'ial 

sections were maJe of the far'ewings, thcrax and ab:ianen· arrl the ab:iomen 
J 

was also sectione:l longitu:iinally, but all these prepar'ations fdlErl to 

shaw any region of the integument, including that near the cc:rem.3.ta, 

which was likely to be glarrl ular. It was therefc:re concltrle:i that the 

hirdwing hairpencil crgans are the only male pheroomone crgans of 

P, operauletla. 



368. 

The pheronone gland of the female 

The pl1eranone glan:l of the female P. operaulella is a sac-like 

enlargement of the dorsal interse~ntal membrane between the 9th an:1 

10th abdominal segments on the ovipositor (Figure 10.1). Normally, when 

oot in use, the pheromone gland is withdrawn into the ovipositor where 

it forms a deep flattened invagination close to tl1e dorsal integwrent of 

the 9th segment. When the female is calling and releasing her pherorrone 

as described in Chapter 8, the oviposi tor is fully extended at intervals, 

its tip is bent ventrally, and the pheromone gland is everted as a 

white bulbous structure. 'TI1e glan:l can also be everted by applying 

pressure to tlle female's abdcmen, and fuen it forms· an approxirrately 

hemispherical dilation of tl1e intersegrnental membrane with a slight 

apical depression running transversely across it (Figure 10.1 B). 'Ihe 

gland rolls inward as the pressure is released by forming a slit in the 

depression which progressively deepens until the gland entirely 

disappears from sight. 

When examined with the scanning electron rnict"OScope the 

surface of the pheromone glan::l has a different appearance from fue rest 

of the ovipositor. The glandular surface is irregularly thrown into 

small ridges or roun::led hemispherical protruberances both of which have 

smoofu crests (Figure 10.2). The dep1;>essio::1s between fuem are mostly 

relatively smoofu, but branching crevice-like infoldings also occur and 

these are particularly frequent in the region of fue transverse apical 

slit in t7i.e gland (Figure 10.2 B). Hc:wever, fuese crevice-like infoldings 

do not penetrate very deeply into tlle cuticle and no obvious pores are 

visible anywhere on tlle surface of tl1e gland. 

The surface elsewhere on the ovipositor is mostly folded into 

slightly wavy longitudinal grooves and ridges . Occasionally tlle ridges 

branch and anastomi.se but mostly they are approxirrately parallel and lie 

about 0.5 to 3µ apart (Figure 10.3 A). Generally, the sides of tlle 

grooves rreet at a sharp angle, and where the ridges COIIE close togetller 

the grooves can have the appearance of shallcw pores ( Figure 10. 3 A) . 

These ridges and grooves impart a striated appearance to me cuticle of 
tlle ovipositor at lcw magnification. 

In the intersegrnental rrembranes on the ovipositor the ridges 

and grooves become somewhat disrupted and irregular, whilst ventrally 

at fue base of the ovipositor there are short spines and the S1.Il..,face 





Figure 10.1 

Scanning electron micrographs of the 
ovipositor of P. operc:uteZZa 

The sterna are indicated by ran.an numerals and the terga 

by arabic numerals. 

A. Lateral view of the entire ovipositor. Note that the 

genital chamber has also becane everted. 

B. A dorso-lateral view shewing the everted !herornone 

gland. The material on the pherom:Jne gland is probably 

some of its secretion. 
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Figure 10.2 

Scanning electron mircr'ographs of the Sur' face 
st:ructllr'e of the phe:"'arone glarrl of the female 
P. operaulella 

A. Sut"face of the arrteriicr side of the pher'orrone 

glarrl 

B. Sur'face of the dcrsal par't of the phe:"'onone gland in 

the region of the transver-se groove ( see figure ,, 
10.1 B). 
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A. 

B. 

figure 10.3 

Scanning electron microgr-aphs of the 
surface structllr'e of the ovi:p::)sitar of 
P. cpercu le l la 

Ventro-latet"'al portion of the 10th ster-num 

Ventral view of the base of the ovi:p::)sitar' 

in the region of the opening to the sinus 

vaginalis. 
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gradually transforms into that of the sinus vaginalis (Figure 10. 3 B). 

Th.e surface of the papilla anal.es is exactly like that of the 

intersegmental mernbranes elsewhere on the abdomen excluding the 

oviposi tor. It consists of large regularly spaced blister-like 

protruberances with smaller rounded protruberances between them 

(Figure 10.4- A, B). Elongate bristles also occur over the surface of 

the papilla anal.es which are probably tactile sensillae. 

All the above regional differences in the surface structure 

of the ovipositor cuticle can also be readily observed in sections of 

the integument. 

Histologi.cally, the pheromone gland consists of a single 

layer of mcx:lified hypcxlerrnal cells w"'hich secrete a non-staining, 

colourless cuticle about 2 to 3µ thick (Figure 10.5). A number of fine 

JTDJScle fibres also join the gland in the region of the t·ransverse 

apical groove whic."1 presl.lIIBbly function as retractor muscles . They run 

anteriorly and dorsally in the ovipositor an::l appear to insert on the 

intersegrrental rrerril:)rane between the 8th and 9th abdominal segments . 

Hcwever, it is difficult to trace individual muscle fibres in serial 

sections because of the large number in the oviposi tor, so this 

interpretation rnay not be correct. The glandular cells are cuboidal 

and usually 5 to 6µ tall, but can vary fran 3 to 8µ. Their inter­

cellular membranes are indistinct, their basal surfaces are sorrewhat 

rounded, and the base.rrent mernbrane cannot be resolved from the cell 

wall by means of the light microscope. The cytoplasm is densely 

eosinoµrilic and somewhat fibrous, but occasionally clear apical 

vacuoles with indistinct walls and diameters of up to abrut 3µ are 

visible. The nuclei are central, rounded to oval and large, having 

rnaxinum diarreters of about 5 to 7µ. In addition, their cluxmiatin is 

granular and evenly dispersed. 

The histology of the rest of the integurrent of the ovipcsitor 

differs rrm'kedly from that of the p.heromone gland. The cuticle is for 

the rrost part only 1.0 to 1.5µ thick, and the hypcxlermal cells are 

flattened an:l only about 1 to 2µ tall. Their nuclei are also flattened 

discs with rnaxi.rnum diarreters of about 5 to 10µ an:l their chromatin 

stains densely. In addition, the cytoplasm which is densely eosinophilic 

does not contain visible vacuoles. 
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Fi&'l.lI"e 10. 4 

Scanning electrcn micrograi:ru, of t~e 

surface structure of the ovipositor of 

P. opercul-eZ Za 

A. Dorsal view of the region between the 9th and 10th 

al:rlan:i.nal segments. 

B. The sane region as in 10. 4A at higher magnification. 
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Figure 10.5 

Histology of the oviIX>sitar of P. operl!u.leZZa 

All sections stained with haernatoxylin and eosin. 

Upper: longitu:linal section through the antericr 

par'tion of the ovipositcr sho.-ling the 

with:lrawn pher-OIWne glarrl 

M:iddle: transver-se section tlrough the oviposi tar' 

in the region of the phero100ne glan:l 
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Under the transmission electron microscope the cuticle of the 

pi'leranone gland has a complex structure consisting basically of 4 layers 

(Figures 10.6, 10. 7). Thet."\:; is an outer thin electron dense layer of 

epicuticle followed by a thicker homogeneous layer of IIEdiurn electron 

density which is prooiJl.ily cuticulin. The trri.rd layer forns the buJk of 

tl-ie cuticle and consists of rnmer'Ous large cavities within a fibrous or 

irregularly granular endocuticle. In addition, finger-like extensions 

of cuticulin penetrate between many of the outer cavities . The cavities 

themselves vary a lot in size but have il"Tegular and sOIIEwhat circular 

sna~ • Their walls are canposed of a thin layer of material which is 

rrore electt"on dense than the endocuticle and it can ocmsionally be seen 

to have a layered structure ( Figure 10. 6) • A horrogeneous material of 

light -electron density occurs wi t.7.in the cavities which is pcssibly fat. 

Often it is partly missing from the cavities presumably from shrinkage 

or from loss dt.Ir'ing embedding. The inner layer of cuticle has the 

structure of normal endocuticle, and occasionally pore canuls can be 

seen within it. Hcwever, these canals could not be identified in the 

outer three layers of the cuticle. 

The gland cells, when eY..c.uned with the transmission electron 

microscoJ;.)8 (Figure 10.6) can be seen to rest an a baserrent rmmbrane 

aoout 0.13µ thick which sarretimes penetrates between the cells for up to 

about a quarter of the distance to the cuticle. The basal cell walls of 

the gland cells are more or less srrooth but oc,,=isionally are raised into 

small folds. In contrast, the intercellular membranes appear pleated 

and they are also more or less straight bc:sally, but becorre increasingly 

folded apically (Figure 10.6). Long septate desrnosOIIEs occur apically 

whilst tight junctions and desrnosares of the maaufo a.dherens type are 

frequent elsewhere. 

Toe nuclei of the gland cells have the usual nucleill' 

structi..L.-v-e except thc:i.t their envelopes are folded into lcw ridges, and 

this presumably increases their st.Ir'fa.ce .::u:>ea (Figure 10.11). 

Apically, the gL:md cells are bounded by a zone of rnicrovilli 

which are packed together und often run horizontally to the cuticle for 

part of their lengths ( Figures 10. 6, 10. 7) . Their diarreters w:rry from 

0.1 to 0.2µ, and sare rnicrovilli have been foll&ed for 1.3µ in thin 

sections so that they are probably sarewhat longer than this. Many also 

have central tubules which may represent extensions of the endoplasmic 

reticulum. 
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Figwe 10.6 

'Iransmission elec1ron microgr-aph of the pheronone 
glarrl of the female P. operauZeZZa at low 
magnification 

The c3r'eas irtlicate::i by black boumat'ies are sho.-m at higher magni­

fication in the following three figures . Note, in par'ticulcF, the 

basem:!11t memlrane which often exterds fer a shcrt distance between 

adjacent phercm:me glarrl cells; the intercellular rrernlranes which at"e 

approximately straight basally but which beccm::! canplexly folde:l 

apically (one is in:licate:i by the black dots); the apical microvilli; 

arrl the cuticle compose:i of 4 layers. The diagonal lines are 

sectioning at'tifacts, arrl the at'tifactual space between epicuticle arrl 

embe:lding resin (irrlicate:i by large black arTow) is i:raiuce::i by the 

resin mt wetting the epicuticle, 

Inset: A p:rtion of the outer e::ige of the cuticle at high 

magnification. Note the thick cuticulin layer>, the outer epicuticle 

which appeat's to have a very fine outer layer, arrl the lining of the 

cuticulc3r' cavity which appears to consist of a number of layers in the 

region near the small black ar'rOW, 
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Figur:e 10.7 

Transmission electron microgr,aph of the apical 
region of the pher-orrone glarrl cells of the 
female P. cpercuZeZla 

The ar-ea of this microgpaph is in:iicate::l in the lcw magnification 

microgr-aph of Figi.re 10. 6 . 

The 4 regions of the cuticle are clearly visible. There is 

an outer- dense epicuticular layer followe::l by a thick layer of cuticulin, 

a region of errlocuticle with m.1merous cavities partly fille::l with a 

lipid-like material, arrl an inner' lay~ of dense en:iocuticle. The 

cuticulin can also be seen to penetrate between the outer- cavities in 

the errlocuticle as finger-like rcrls, arrl pore canals ar:>e occasionally 

visible in the inner layer of errlocuticle. Lying next to the cuticle 

ar-e the apical mi.crovilli, arrl one septate desmosane appears as a dark 

intercellular:> j tmction at this magnification. The cytoplasm is pa.cke:i 

with ribosanes, snooth errloplasmic reticullllil, an:i microtubule-like 

struct1.res (see follcwing microgpaphs). A number of vacuoles ar:>e also 

visible which contain a var:>iety of materials. Mitochorrlria are 

rn.urerous, arrl two can be seen which ar-e associate::l ·with small vacuoles 

containing ccmplexes of memlranes. In a:idition, to the left of the 

microgr-aph is a large meml:rane canplex which is partly strrourrle::i by 

laminae of memlranes in the shape of a"J'' bearing sare resemblance to 

Golgi. 
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The apical vacuoles observed with the light microsco:i;::e can be 

seen wi tn the electron microscope to be large vesicles with microvilli 

projecting into them ( Fieures 10. 6, 10. 8) • These rnicrovilli arise most 

frequently from the surface of the vesicles closest to the cuticle, and 

their diurooters are similar to those of the apical rnicrovilli close by 

them. The vesicle micr'Ovilli also have a central tubular structure 

within them. A clumped granular material occurs scattered sparely 

within the lt.1mm of the vesicles but no opening was observed throur)1 

which this rraterial ca.ild escape from the vesicles. Possibly op::nings 

exist which are nurra-.r and were ther--sforc r:ri.ssed even thou8[1 about LfO 

sections were QXi.U:d.n.ed from about ti1e Sclffie region of gland. 

Tne cytopluam of trie gland cells contains many s:mJ.11 particles 
0 

with dianetcrs of clbout 200 to 230A. These are probably ribosomes since 

glycogen should have been rerroved by the uranyl acetate tr\.;;atm:mt. 

N'um:;;rous long straight tubules are also present which resenible micro­

tubgles except t.11at t'l.eir di&-neters are lc.ireer and vary from about 2 70 to 

330A (Figures 10. 7 to 10.11 inclusive). Elongate mitochondria with 

transversely arrangoo cristae occur c01,11IOnly whilst other mitochondria 

cll'.'e also frund which have less regularly organised crista.e and which are 

situated very close to electron lucid vacuoles (Figures 10.7, 10.9). 

In some cases these vacuoles can be seen to occupy a distention of the 

outer rrernbrane of the mitochondria ( Figt..rr>e 10. 9) . A variety of vacuoles 

are also scattered amongst the other cytoplasmic organelles. t-1c111y of 

these, about the size of mitochondria, contain a granular material 

similar to that in the mitochondria, and in sane cases mitochondria 

with JIU.ch of this material but few cristae are also visible. This 

suggests ti1at these vacuoles may be derived from mitochondria. Eleci:::r'on 

lucid vacooles are also cormon, but the srraller vacuoles close to the 

rnicriovilli contain a scattered floccular ma.terial. The endoplasmic 

reticulum is well developed and consists aJJrost entirely of smooth 

rrembranes. Golgi is also :frequ8ntly observed and in addition there are 

also large rey-elinated figures or onion bcx:lies consisting of concentrically 

arranged membranes . In sare cases these surrotmd a central rer;ion of 

granular material similar to that within the mitochondria, whilst in 

others they appear to be associated with large electron lucid spaces 

with carplexes of membranes within them ( Figures 10. 8, 10. 9, 10 .11) • 

Sane of these rrembranes i1"'ave1'"'Se the space in an irregular or whorled 
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Figtre 10.8 

'.Iransmi.ssion electron micr'Ogr'aph of the apical 
region of the pherarone glarrl cells of the 
female P. opercutetl-a sha.1ing a large apical 
vesicle containing micr'ovilli 

The ar'ea of this microgpaph is par-tly sha.,n in Figur,e 10 .6 at 

low magnification. 

The apical vesicle contains a floccular material arrl mmerous 

microvilli :rroject into it fran its apical Sur'face_. These microvilli 

contain a tube of rn.eml:rane which is µ1obably an extension of the 

errloplasmic reticulum, an:i they have a similar appearance to the 

microvilli which lie a:l j acent to the cuticle ( cornpar-e the microvilli 

irrlicata::l by black arrows). The intercellular' mernl:rane of the cell 

containing the vesicle also closely invests the vesicle. 

The cytoplasm of these cells has a similar appearance to those 

in the IX'evious mi.cr'ogr'aph. One rnitochorrlrion which is locata::l near 

the lower- e:ige of the field is associata::l with a vacuole containing a 

gt"anulat> material. Also, the dark object in the membrane complex arrl 

associata::l mi tochorrlr ion which occupies the upper left ccrner is a 

number of rnemlranes lying close togethff' . 
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Figure 10.9 

'Iransmission electron microgr>aph of the basal 
region of the pheromone glarrl cells of the 
female P. operaulel,la Sha.Jing sane of the large 
canplexes of mernl:lr'anes 

TI1e ariea of this microgr-aph is partly sha,.m in Figwe 10. 6 at 

low magnification. 

The two labelle::i irernbrane complexes both lie a:ljacent to 

intercellulari memlranes. A region of gr>anular material siJnil.ar to 

that f ourrl in many of the vacuoles is also associaterl with the largest 

memlrane canplex. Small ro:l-like structwes in the centre of this 

canplex ar-e plates ar- tongues boun:lerl by rnemlrane which have becare 

flattene::i until the meml:rane folds back closely upon its elf, while 

the darik regions ar-e ar-eas of closely applierl memlranes. This entire 

large memlrane complex appearis to be one erd of the l'll)elinate::i figtre 

sh~ in the following rnicrogr-aph (Figwe 10.10). 

Note also that the two mernl:rane canplexes at the top of this 

rnicrogr-aph appear to be associaterl with rnitochordria. 
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Figur-e 10.10 

'Iransmission eleciron micrographs of myelinatej 
f igwes f ourrl in the pheranone glarrl cells of 
the female P. o peraul,e Zl,a 

The myelinate::i f igu-'e shewn in the upper micrograph was 

appar-ently associate.:l. with the lar'ge memlrane canplex shewn in 

Figwe 10. 9, since both occupie.:l. the same relative i;:osi tion in 

sections which were very close together. 

Note the electron lucid spaces associate:l with these 

myelinate:l f igut'eS, arrl the rneml:ranes crossing the one in the 

la,;er micrograph. 
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figur'e 10.11 

Transmission electron microgr-aph of the middle 
pcrtion of pheran::me glarrl cells fran the 
female P. o percu let ta 

This microwaph shows the foJde:i nattre of the nuclear 

memlrane, an:i a number> of electron l~id spaces traversa::l by 

complexes of rreml:J:ianes. Thr'ee of these ar'e also associata::l 

with mi tochorrlr ia whilst another is associata:i with stacks of 

memlranes san:?what resembling the cisternae of Golgi. 
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l!El1.'1er whilst others form folded plates or toneu,es in which the mernbn:mes 

fold back u:r;on therrselves and becorre closely applied to each other. 

Possibly thest.:: entir\3 regions of electron lucid space are artifactt1:G.. 

and are derived perhaps from sore osrrntically ur.stable org<J.I1.elle 

because the fixation is good elsewhere. In addition, U-shaped figures 

of laminated m:mibranes also occur which either surround a central 

region of gr,anular material or surround an electron lucid space 

containing ccrnplexes of IIEJ!lbranes (Figure 10. 7). These prol:>2.bly 

represent transverse sections of the rrwelinated figures described above. 

In sane cases tll-3 s:p3.ees containing the rrembrane complexes .:::ppear to 

extend out fran the oi:en end of the "U", whilst in others the spaces 

ap~ar to be associated widl one side of the figure (Figure 10.10). 

Often they 3re also associated with the intercellular mernbrunes ( Fieure 

10.9) whilst other complexes of aleci:ron lucid spaces and nernbranes 

are associu.ted with stacks of nembran2s ( Figures 10 .11, 10 .12) . 

Havever, the ~e-clim::msional structure of all these complexes 

associated with stacked JIErnbl'\Jnes, electron lucid spaces, and myelinated 

figures really needs to be worked out by serial reconstruction before 

the relationships between them can be clearly understood. It appea..vis 

that sare of the rnyelinated figures observed in the pheromone gland 

bear a close similarity to other org.JJJ.elles as found for example in the 

intrinsic secretory cells of the corpus cardiacum of Carausius morosus 

Br. and which a.I"\; considered to perhaps represent mitochondria of 

unusual farm (Smith, 1968), illld to t11e vacuoles in the pericillXlial cells 

of CaUiphora erythrocephala (Meie.) which contain multiple unit­

lIDiribrane whorls (Crossley, 19 72) • 
In contrast the ultrastructure of the integtmEnt elsewhere 

in the ovi:r;ositar is much simpler (Figure 10.13). The cuticle lacks t11e 

t1u.rd layer of cavities which is present in the glGJ1dular· l"DE:;ion, und 

the hYIX)derrnal cells have much less well d0v0loped a.piccl mcrovilli, 

t'1.eir interse~tal m;rribranes m-e lc:u"'gely scpt:ite desmosor:es, a.."'ld their 

basal walls ure soTZD".-Jhat folded and 1~st on .:i b.:IBem3nt Dernbrane ubout 

0.2µ thick. 'D-ie cytoplasm resembles that of the gL::md cells in ti1at it 

is packed with gr:>c:mules which are probably ribosara,;s and L.J.1,,ge lT'icro­

tubule-like structures. However. t'lera are fewer mitochondria or 

vacuoles, and rrost of the latter are small cIDd contain a flocculur 

material, althougil s~ .:ire electron lucid. In addition, no rey-elinated 
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Figtre 10.12 

'lransmission electron microgr-aph of the 
middle of pher'onone glarrl cells .fran the 
female P. operaulelZa 

This microgr-aph shoos a m.unber of Golgi-like stacks 

of smooth errloplasmic reticulun, arrl three of these (mar'ke:::l 

by J.ar>ge X's) ar-e on the e::iges of electron lucid spaces which 

ar"e p:1obably ar"tifactual. 
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Figut'e 10.13 

Transmission electron mic:rogr-aphs at low arrl 
high magnifications sh:)wing the integurent of 
the ovipositcr of P. operau.lel"la. close to the 
pherarone glani 

The gr-ooves in the cuticle soown in sut'face view in 

Figut"es 10. 3 A ard 10. 4 appear herie in CToss section. Note 

also that the cuticle has a very similar structtre to that of 

the pherom:me glarrl except that cavities are absent in the 

errlocuticle. The hypodermal cells also rest on a thick basement 

manlrane, an:l are much thinner than the pherorrone glarrl cells. 

Their apical miCTovilli are much less well developed., the.ir 

intersegpiental memlranes ar-e lar-gely septate desnosomes, an:l 

ther'e are m large apical vesicles with microvilli. The cytoplasm 

is similar to that of the pheromone glarrl cells in that it 

contains numerous free ril::::osomes, lar-ge miCTotubule-like structll['es, 

mi tochon::lr ia, ani vacuoles containing a variety of ma.ter-ials. The 

en::loplasmic reticulum, however, is mt well developed., arrl oo 

myelinate::l figut'es or' electron lucid ar-eas containing membr'ane 

canplexes were foun:l. 
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figures, canplexes of m.mibranes, or electron lucid spaces were observed 

in these cells . 

The sex p:ienmone organs of ti 1e male 

The male sex i:herorrone organs of P. operaulella consist of a 

pair of scent brusl1es or clusters of long thin scales, together with 

shalla,;, pouches into which these scales can be folded. Each organ is 

situated proximally and clcse to the anterior edge of a hindwing, on its 

dorsal surf ace. 

Each p::,uch is a shalla.J elongate lenticular depression in the 

hinclwing which is situated i..mrediately distal to the base of the 

frenulum nnd anterior to the combined subcostal and radius 1 vein. The 

pouch extends along the anterior edge of the wing for approximately 

2-4mn and reaches a maximum width of ubout 0.1mm. TI1ere is a gap 

anterio-prioxi.mally on the side of the !X)UC.ri over a distance of about 

0.6mn where the pouch oi:;ens cJnteriarily. The elongate scales of the scent 

brush also join the wine in the proxinul 0.65mm or so of the inner 

surface of the pouch so that m:>st of their insertions are opposite the 

anterior opening. 

Each scent scale is approximately 1.0 to 1.4mn in length but 

all the scales of a particular scent brush are of a similar length. 

These scales are hollcw cylinders of cuticle which have uniform 

diaJIEters of between 3 .2 to 4µ over mcst of their lengths, except that 

they taper saIEwhat at their distal and pro)OllEl ends • 

A total of 14 scent brushes were carefully dissected and the 

number of scent scales corrprising them ranged from 105 to 2 39, with a 

maan of 177 .1, and a standard deviation of 35 .o. There was undoubtedly 

sare error in triese counts because the scales were easily bla-m cMay by 

the slightest wind despite priecautions, and triey also appeared to gain 

static electrical charges which made them fly cl)out and stick to nearby 

abjects. 
When not in use, the scales of each scent brush lie packed 

together in a parallel bundle wi t.'lin the depression f onred by the pouch. 

Here they are normally covered dar'Su.lly by the ventral surface of the 

forewings both at rest or during flieht. Each fore- and hindwing is 

coupled together in flight by a frenulum on the hindwing which hooks into 
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a :retinaculum on th~ fo..."'E:Wine; (Corrmon, 1973). The frenulum is a long 

spike of modified scales (Figures 10.14 A, B) which arises near the base 

of the hindwing fro.'Tl its unte1..,ior ede;e, whilst the retinaculum consists 

of a single rav or comb of sh- rt spines which cJr'.se ven"b:'ally fran the 

radius vei.11 and curv~ anteriorly (S(;C Corrmon, 1973; Figure 36.4 F). 

When the forewing rrvves anteriorly the frenulum is therefore hooked by 

the retinacu~lllll thus keeping the hindwine; closely applied to the.:! ventral 

and pcsterior surfc.ce of the f0rewing. Hcwever, when a ];herumone 

stimulated male approaches a fei-ml2 cJS described in Chapter 8, his 

precopulc1tory beh~.viour includes sliding his forewings pcsteriorly over 

his hindwings so that th~ leuding edges of the hindwings are exposed. 

The scent brushes .:rrie trien opened out to form a hemispherical tuft of 

radiating scilles, which ill'e :J.pproximately evenly spu.ced from each other 

(Figure 8. 9 ) and tl1e anterior 3ap in the scent pouc.>ies also allcws 

many of the scales to p::;int antericrly. 'Whilst doing this the male 

continues tu flutter his wings and run about excitedly so that the 

eversion of the scent brushes is frequently very difficult tu observe. 

The scrface of each scent brush scale, when examined with the 

sca.nnma; electr,_,n miCt.~0scope, is fcund to be raised into 6 tu 9 

prcminent longitudinal ridges with twu types of smaller ridge rwming 

transversely in the sp~ces between them (Figure 10.15 A). 'I'he longitu­

dinal ridges are serratoo and lie about 1.3 t0 1.4µ apart. They are 

connected by la-rge transverse ridges which <1.re fairly evenly spu.ced 

apart at ab0ut O. 7µ ~- and :r.un at approxi..mat~ly ri,01t angles to the 

longitudinal ridges. Hc .. wever, these transverse ridges 0ccasi0nally 

branch or run 2t an anrrle of u-o to u..lm..)st 45° to the longitudinal u ... 

ridges, and so.r.f3 vary in their spacing from alJnost touching each other 

to being aJ..m.:;st lµ a.pert. The second type of "b:'ansverse ridges are only 

about O. 3µ long, an:l they lie pa.eked together, ubout O. 05µ apart, on 

the edges of the longitudinal ridges where these join the flat surface 

of the scale. A series of shu.llcw pits makes the flat surface ()f the 

scale slightly uneven, but n;:) holes were found which penetrated deeply 

into the scale. 
An examination of the scales found elsewhere on both rrule mrl 

female P. ope:rau""le""l""la revealed that the surface structure of the scent 

brush scales is quite distinct fran any of the others although they all 

sha,, basic similarities since most of the other scales have longitudinal 
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Figu-e 10.14 

Scanning electron mict'ogr>aphs of the scent scale 
crushes on the hin:lwings of the ma.le P. opercuZeZta 

Both A arrl B aPe dc:rsal an:i somewhat lata;,al views of 

the JWth looking fI'Om sli~1tly posteriorly. 

The right fcrewing has also been renoved. 

A A lCM magnification view showing the hair pencil or scent 

scales p:'Ojecting from the dcrsal sirface of the hirrlwing. 

Note also the elongate scales, to the left of the pictwe, 

which fringe the IX)Ster-icr a:lge of the wing. 

B A higher- magnification view of the hirrlwing rotate::i 

slightly from A above, showing the anter-icr gap in the 

scent scale sheath ani the bases of some of the scent 

scales. 



E 
E 
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Dorsum of thorax 
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Figure 10.15 

Scanning electron rnicrographs of the surf ace 
structure of the elongated wing scales of 
P. operc:uZeZl,a 

A. A scent scale £ran the ma.le pherom::me glarrls on the 

hirrlwings. 

B. One of a series of scales which fringe the posterior 

arrl lateral edges of fore- and hirrlwings in both male 

and female. (Taken fran a female hirrlwing). 



A 

B 



ridges with densely packed transverse ridges running between them 

(Figures 10.15 B, 10.16 A). The corernata scales, hc:wever, have a 
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surf ace structure closest to that of the scent brush scales, arrl this 

consists of longitudinal ridges with a complex pattern of both large and 

small ridges between them (Figure 10.16 B). The larger transverse 

ridges have cross connections between them, an:l ad.di tional diagonal 

ridges run up the longitudinal ridges . Also, the trans verse ridges 

were never obseJ:>ved to be as prominently developed as those on the scent 

brush scales . 

The only region of the scent .brush sheath which differs 

histologically from the rest of the integument of the wing is the area at 

the base of the pherom:::me scales . Here, the cuticle is only about O. 2µ 

thick except where it is thickened to form the sockets into which the 

scent scales insert. Each socket is sunken into the wing to a n:axirrn...un 

depth of 1 to 3µ whilst its lip is prcxluced into a thin slightly flar'ed 

hocxi. The edges of this h<x:>d are smooth but vary in ;11,..!,ight from being 

barely raised above the surface of the wing anterio-latcrally (when the 

wing is exten:ied laterally from the insect), to a ID3Xllllllffi hl!ight of 10 

to 11µ posterio-medially. The lc:w :r:ortion of the hoed allows the scent 

brush scale to fold into the sheath along the wing. 

Examination of the cells in th.is region of ti1e wing w.i th the 

light microscope proved unsat.isf actory because of the sm3.ll size of the 

cells, and because their .intercellular membran(;S could not be clearly 

distinguished (Figure 10. 21). Hc:wevcr, by using the transmission electron 

micr>oscope this region was foun:::l to consist of tl1e follo.-1.ing layl:!Y'S 

(Figures 10.17 to 10.20 .inclusive)~- On the outside there was th.in 

cuticle which apparently lacks endocuticle and has scent scale sockets 

arranged at intervals in .it as already described. Below· this is a 

single layer of flatte!1ed hYJ;X>dermal cells and next to thes1;; is a layer 

of irregularly packed cells which are canposed nnstly of enlarged 

trichogens belonging to the scent scales al though occasional cells of 

unkncwn function are interspersed between then. Finally the.I'\?. is a th.in 
0 

basem::nt JIEiilbrane about 350 to 750A thick which apparently does not 

penetrate between the trichogens to the hyp:x:lermis • Septate d~so::::s~ 

occur carm:mly wherever hypoderrnal cells :rreet, arrl where tr.ichogens 

rreet hyp:xiermis near the scent scale sockets, but else-1here intercellular 

junctions are infrequent an:l there are often large intercellular spaces 
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Figur-e 10.16 

Scanning electron micro~aphs 
of bcxly scales of P. operauZeZZa 

A Ncrmal baiy scale of rncLle ard. female. (Taken 

fran ab:iomen of female.) 

B A scale from the ccremata of the ma.le. 



A 
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figut'e 10.17 

Low magnification transmission electron 
micrograph tlrough the wing of a male 
P. ape:rcu le l ia in the region of the 
pher1orrone glan:l 

Tiiis transver-se section was taken close to that smwn in 

Figwe 10.18 C. The ar>eas shewn at higher- magnification in 

the following three figut'es ar>e irrlicate:i app:-oximately by the 

black boun:laries. 

Incllrla:l in the field of this microgr>aph is a section 

thr'ough the ma::lial hoa:i which exterrls from a pher-om:me glarrl 

scale socket ( PScS) , a number' of sections through n:r'mtl wing 

scales, arrl a region of upper1 wing integument. A trichogen cell 

belonging to one of the n:Jr'rnal wing scales is shown at Y, arrl 

one of the lar> ge necrotic cells of unknown function is shown 

at X. 

Ax ner'Ve 

errl errlocuticle 
exo exocuticle 
hyp hypo:ier-mis 
m muscle 
N nucleus 
PScS pher-arocme scale socket 
Sc nCr'mal wing scale 
tr "trachea 
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fi&l.1£e 10.18 

Transmission electron microgt'aphs of 
the ma.le pha:>ornone glan:l of P. opePauZeZZa 

The ar-eas of these microgt'aphs ar-e shown in the la-, magnification 

electron microgt'aph of Figure 10 .17. 

The general arTangement of the cells is clearly visible in these 

micrographs. The cuticle is thin except wher-e it is ira:l uced into 

sockets fer the pherom:me scales. A single layer' of thin hyp:xiermal 

cells lies beneath the cuticle, an:i this is follONe::i by a loosely packe::i 

la)'et' of enlarged glan:i ular' trichogen cells. These contain lar-ge nuclei 

arrl apical vesicles which ar-e lined with microvilli, arrl which canmunicate 

with the lumens of the hollON scent scales . A Ver' y thin bas~rrt irernl::rane 

cover's the basal surfaces of the trichogen cells but does not penetrate 

between them. 

The cytoplasm of both the glarrlular trichogen cells arrl the 

hypcrler'rnal cells in this region has a vesicular appearance due to the 

mi tochorrlr ia, ard numer'ous vacwles within it . Some of the vacwles are 

electron lucid, others have ribosomes attached to part of their rnernlrane, 

while others contain a floccuJ.a, rna.ter-ial or' granular ma.teriials of varying 

electron densities. In a:ldition, some electron lucid vacmles can be 

seen within the meml:ranes of the nuclear envelopes, an:i lcFge vesicles 

are occasionally visible within the hypcder'mal cells one of which is 

shc,..m at X. Occasionally ribosc:me coated vacuoles can be seen opening 

into these vesicles (not shown on this section). 
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errlocuticle 
epicuticle 
e>0cuticle 
hypo:! Er mis 
inter'cellular- space 
muscle 
mitochordria 
nucleus 
pher'anone scale socket 
ribosomes 
septate desrnosome 
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trichogen cell 
microvilli lined vesicle 
vacwles containing gr-anulari ma.ter'ial 
vacuoles containing floccular material 
vacuoles coated with ribosomes 
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Figure 10.19 

'Iransmission electron miCTogr>aph through the apical 
IXJ('tion of a glarrl ular tric.hogen cell fran the nw.e 
pherom:me crgan of P. cperCJU.leZZa 

The area of this microgpaph is shewn in Figure 10.17 at low 

magnification. 

The vesicular- cytoplasm of the trichogen cell arrl the adjacent 

hyp:xl ermal cells is packe::l with ribosomes arrl miCTotubule-like 

structures similar- to that in the female pheriorrone glarrl cells, but 

the errloplasmic reticulun is not well developed. Occasionally 

tubular structwes are visible within the miCTovilli lining the 

vesicle, arrl these arie possibly extensions of the errloplasmic reticulum 

(ar-row). Mitochorrlria, arrl different types of vacwles are also 

visible as in the irevious rnicrogr-aph. Septate desmosares character­

istically occllt' whe:'e the trichogen cell joins the base of the scale 

socket , arrl sane of the folds in the cell meml::rane of the trichogen 

cell wall ar-e visible by the basement memlrane in the looer left 

ccrner of the field. 
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Figu:,e 10.20 

Transmission electron microgr,aph of the apical 
region of a glarrlulat" trichogen cell fran the 
pherom::me crgan of the ma.le P. operauZeZZa 

The at"ea of this micrograph is irdicaterl in figur'e 10.17 at 

low magnification. 

This micrograph shows the same structtres as figut'e 10 .19 arrl 

in a::ldition part of the en:l apparatus of the apical vesicle is 

also visible but the scent scale has been lost d tr ing µiocessing. 

Note also the flocculat" rnatet'ial within the vesicle. 
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Figure 10. 21 

Light micrographs of the phtrOI1Dne 
er gan of the ma.le P. operCJU Ze Ha 

Upper': transve'."se section of the entire wing at low 

magnification sha..1ing the glan:iular> region. 

Mid::i le: A pcrtion of the upper- section at high magnification. 

Note the eosi.n:)philic scent scales arrl their enlarge: 

tr ichogen cells . 

Lc:Me'." : A section cut about lµ thick with an ul triamicrotane 

close to the region shown in figur'e 10.17. Note that 

the at"I"angement of the cells in the glarrl ular> region 

is still not clear'ly visible. 

Upper' arrl middle: . Haematoxylin an:l eosin 

Lower toluidine blue 

FB fat ba:iy 
PSc pherorrone scales 
Sc na:'mal wing scales 
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between adjacent trichogen cells. 

Each scent scale is hollCM and has a rounded cross section 

(Figure 10 • 21) • It arises centrally from the base of a socket which is 

structurally similar to those from which other types of scales ar::i.se. 

A hor:...zontal diaphram, or collar of fibrous material, connects the 

proxi.rrBJ. edge of the scent scale to the inner edge of the socket, while 

the (__;picuticle runs up.-.1ard fr'O.."II. the em of the scale at an angle anj 

joi."'18 the inner, surface of the socket above the level of t"l-i.e rreneral 
~~ 

cuticle surface of the wing. A floccular or fibrous material is also 

lcosely_packed within the cavity formed between the collar, epicuticle, 

ani socket (Figures 10.18, 10.19, 10.20). 

The lu.'Tu,m of the scent scale is continuous with a hollCM 

vesicle which is invaginated into the apical region of the trichogen 

cell. The wall of this vesicle joins the edge of the socket next to 

the junction of the fibrous collar, and rn.1merous microvilli, which vary 

from about 0.075 to 0.185µ in diarneter, project into the lllIIEn of t.""le 

vesicle. Some of these microvilli branch near their bases, and soire can 

be follo.-ved for up to 2.6µ in thin sections so that they are in fact 

probably much longer than this. In addition, snail tubules or fine 
0 

filai-nents with diameters of about 500A, can be seen in the centres of 

sorre of the micr,ovilJ ::. ( Figure 10 .19) . A floccular material which is 

p:::,ssibly protein is irregularly scattered within the lurren of the 

vesicle, and becares concentrated into a zone distal to the microtubules. 

Between this zone and the lu~n of the scent scale is another small 
0 

zone of tangled fibrills with diameters of about 270A and these form the 

errl apparatus • 
The cell membrane of the trichogen is relatively srrooth 

except where it is separated from the haemolyrnph by the baserrent 

irembrane, and here it is often sorrewhat folded and pleated. This 

presumably increases the absorbtive surface area of the cell. The 

nucleus is rounded or oval and much larger than those of the hypodermal 

cells. Vacuoles are also occasionally visible between the membranes of 

the: nuclear envelope ( Figure 10 .19) • 
The cytoplasm of each scent scale trichogen is highly 

vesicular, containing nurrerous vacuoles of varying size. SOIIE of the 

sm:u.ler vacuoles are electron lucid and possibly once contained fat, 

whilst the others contain a finely floccular material which is possibly 
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protein• Sorre of the latter also rescrnble coated vesicles in that they 

have structures resembling ribosomss regularly spaced over part of their 

surface. These can not be glycogen because uranyl acetate was used 

during fixation. Tne large vacuoles are basal and contain a very electron 

dense material whicn has a gra.tlU.Lc:U."' o.l."' s:.i-ightly fibrous structure when 

eY.amined at high magnification. Possibly this material is protein, and 

the structures are lysosomes. Uo vacuoles were observed opening into 

the apical vesicle. 

The endoplasmic reticullr,1 of these trichogens is only poorly 

developed a.-rid numerous n:n.IDded mitochondria occl.Ir' scattered amongst the 

vacuoles . Howeve..r, these mi tochorYJria do not enter the microvilil. 

Free ribosonEs occur frequently in t.11.e cytoplasm, as also do microtubules , 

al though the latter are especially fi1equent nea:t.' the apical vesicle and 

cell :rrernbrane where presumably they form a struct\.n."'al frarrework in the 

cell. 

The cells of unknown function which occur scattered between 

the trichogen cells appear to be necrotic. They have snull dense 

apical nuclei in which the heteroclm:Jrnati..ri is condensed and much of the 

euchrurnatin is lost. Also, these cells have c::. large central to basal 

rrernbrane limited vesicle which is often ruptured. The cytoplasm has 

little structure and generally appears as a flocculent material. 

However, rx:,orly developed vacuoles and mitochondria occur occasionally 

within it. It is nc':: lmown if these cells have opr,,min:~s al:t. 1ou~·~ 1 :v -·-- • 

were observed in the SO or su sections examinec'.. 

The hyp)c1.ermal cells bctvieen the scent scale sockets secrete 

a thin cuticle canposed entirely of epicuticle and exocuticle which is 

only about O. 2 8 to O. 4 7µ thick. The cytoplasm of these cells is 

vesicular, resembling that of the trichogen cells, and differs markedly 

from the cytoplasm of hypodermal cells elsewhere in the wing. Large 

vacuoles containing electron dense rraterial occur very infrequently 

whereas vacuoles with ribosorrB-like bodies adhering to their rernbranes 

are particularly comrron. In so:rrB sections large vacuole-like structures 

are also visible and occasionally soTIE- of the snaller coated vacuoles 

can be seen to open into them. These large vacuole-like structures were 

not observed to open or lead an:r·7her?. al though these poss.ibili ties were 

not disccunted because of the small number of sections examined 

(about SO). The nuclei of these hypodermal cells also f-requently shav 



400. 

Apart fran the description by Adeesan et at. (1969) of the 

phercm::me gland in P. operau 7.,e 7., ta, the female pheI'OIIDne gland has only 

'.Jeen described for one other gelechiid, the pink bollworm roth Peatinophora 

goasypie7.,7.,a Saunders. It was first described by El-Sawaf, Kaschef, and 

Sol:i.rna.n (1968) as a ring gland on the 9th abdominal segrrent consisting of 

columnar cells. 1.a.ter Jefferson, Sewer, and RUJin (1971) stated that it 

is an eversible sac which is situated dorsally in the intersegrrental 

r.e.mbrane between the 8th and 9th abdom:ina.l segµients . They reported that 

its glandular epithelium is similar to the other epidermal cells in the 

8th and 9th abdominal segments, and are flattened but bulge in the region 

of the nuclei. Both reports, therefore, sho;,, differences with the glarrl 

in P. operau te i la.. 

The pheromone gland cells of P. operau le Ua are obviously 

secretory as evidenced by their apical microvilli, the large nunibers of 

vacuoles in their cytoplasm, and their large nuck.:.. with folded 

envelopes. According to Barth (1958) the glandular cells of insects 

:haracteristically have an apical zone of parullel fi.brillae and 

vertical striations are also visible in the apical regions of p-1erc:mone 

gla.rd cells in many Lepidoptera (Gotz, 1951; Jefferson, Shorey, and 

.:.aston, 1966; Percy and Weatherston, 1971). Many authors, hc:wever, do 

not ~ntion the presence of such an apical zone in the pheromone gland 

cells of other female moths and therefore it is possible that SOin= nay 

.'lave a similar gland cell structure to P. ope:rou.ZeUa which requires 

examination with the electron microscope before the microvilli are 

.:iiscerned. In P. ope:rau"le"lla. this probably results from the rnicrovilli 

:>eing densely packed and often running more or less parallel with the 

:::uticle rather than being orientated at right angles to it. Hc:wever, 

apical microvilli have been denonstrated by maans of the electron 

::ucrcscope, to be present in the female pheromone glarrls of T. _ni 

(rii.ibner) (Miller, Jefferson, and Thomcon, 196 7), Bo,ribyx mo:r:>1'. L. (\J<l.-:m and 

3-,.i)UJIDto, 1969) arrl in Choriston.eura fumiferana (Clemans) (Percy and 

th 1971) It should be noted thoun+-i, that Steinbrecht and -,.;ea ers ton, . et· 

:.icnneider (1964) interpreted this apical zone in B. _mori as representing 

fu tinct foldings of the cell rrembrane rather than microvilli. 

Many authors have noted the presence of vacuoles in the 

,_ytoplasm of the pheromone glands of other Iepidoptera. Srrall vacuoles 

:.ave been reported to occur, for example, in these cells in Prodenia 
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Utura Fabr. (Hammad. and Jarczyk, 1958); T. ni (Hubner) (Jefferson et al. 

1966); B. mox-i L. (Waku and Sumimotu, 1969); o. leuoostigma J.E. Smith 

(Percy et al. 1971); an:l in C. fumiferana (Clerrens), Choristoneura 

pinus (Freeman) and Malaoosom. disstria (Hubner) (Percy and Weatrierston, 

1971); whilst large vacuoles occur for example in E. aorea (Drury) 

(Macfarlane and Earle, 1970); and in C. fumiferana, and C. pinua 

(Percy and Weatherston, 1971). 

Accor'Ciing to Srni th (1968), large nucl~:.. are often associated 

with active secretary cells, and a pleated nuclear envelope also 

saIBtines occurs in t.-ii.em. In addition, it is interesting that Hamrrw 

and Jarczyk (1958) obtained an indication that the nuclei of the 

pheromone gland cells of P. li 1;/,,a>a are at their greatest size and have 

their largest surf ace area when p.~eranone production is at its maximum 

during the first two days of adult life, whilst the nuclei decrease in 

size as pheromone prcduction declines. Jefferson et al. (19G6), in 

contrast, found that gland cells of T. ni contained both elongated and 

rounded nuclei in females of all ages, and since pheromone prcduction 

increases to a plateau from about the second night on (Shorey and Gaston, 

1965) they concluded that all the gland cells may not be in the most 

active secretary stage at the SaJIB tine. This may also account for SOllE 

of the differences in shape in the nuclei of the pherorrone gland cells 

in P. operauleUa although :rrost of the differences observed in the 

present investigation appeared to be attributable to local distortions of 

the individual cells by adjac2nt organs. 

Although no evidence of pores in the surface of the pheronone 

gland of P. operoulella could be found during the present investigation 

by using the scanning electr'on microocope, this is not conclusive 

evidence since the gores could either be clogged with material, or be 

less than about 150A in diameter ( the J.imi t of resolution of the 

instrurrent used). Weatherston and Percy ( 197Ca) si.milarly founcl no 

evidence of pores in the pheromone gland of C. fumiferana but they 

reported that there were three types of surface in the eversible gland of 

this :insect, in contrast to the two types found in P. opereuleUa. They 

reported that the actual glandular area has n'U.IreI'OUS spikes on t'le 

surf ace and it is thrcwn into bulges and wrinkles. Waku and Surn:i.moto 

(1969) similarly found short cuticular spikes all over the glandular 

surface of B. mori. Hcwever, no s:unilar spikes were found in 
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P. operaulella during t"l--ie present study, so this latter insect therefore 
differs in this respect from both of t1~s-:::: -; ,13ect.:;. 

the 
Weatherston and Percy (1970) proposed that in c. fwmfera:na 

pheromone, after penet..-y1t_ng the cuticle of i:he pheromone gland, 

is retained on the surf ace area in the deep invaginations of the nan­

extruded gland and that it is exposed when the gland becores everted in 
\\ . ·'· 

the calling female. These au-thors also noted that the surface area of 

the gland is not significantly inc:.."eased by the spikes an the cuticle 

and postulated that their roJ.8 nay b2 one of retention and conservation 

of the pherom:::me on the surf&ce of t'le inverted gland. The inverted 

gland of P. operculella nay si.'Ililai,.,ly act as a storage area for the 

pheromone, but it appears pi,abable that in this insect the regularly 

folded stwface of the 9th and 10th abdo:nLrial segrrents may also serve as 

an additional site for evc1p::iration. of the pheromone. This is supported 

by the observation tt1Qt ferra.l0s wit11 only partially extended ovipositors 

and without everted pheromone glands are also ati:Y'active to males 

(Chapter 8). If in fact fue surfaces of these segrrents are additional 

2vaporative a...YBas then the f:L-rie grooves in the cuticle may act as 

charmels along which t'le phe:i::iomone can run, perhaps by surface tension, 

to becoITB more spread out. Possibly the small size of the ovipositor 

and pheromone gland of P. opercuZella necessitates mis additional 

evaporative area. 
The exact rr-.3chanism whei..,eby the pheromone of P. opercu le Z, la 

reaches the surf.::.:.c2 of the gland is n0;:: c::i..0ar1 from the results of the 

present study. Steinbrecht und Schneider (1964) similarly could find 

no evidence of cuticular canals in the cuticle overlying the pheromone 

gland of B. mo1°is and -this l::;a.d Steinbrecht (1964) to propose that a 

diffusion process took plac.c:? whereby a gr>c>...dient across the cuticle is 

maintained by evaporation of t11c p.'l.erc;-none from the gland surf ace. 

Waku and Sumimoto (1969), hawevei~, later fmmd thin canals with a very 

electron-dense substance in them which were present in the endocuticle 

of the spikes on the p.l-ie:ccmone gla...,d of B. mori. These often 

penetrated deeply into the exocuticle leading these authors to conclude 

that alfuough they could not define the actual point where the canals 

reach me cuticulin layer "it is aJJnost certain that the canal should 

do so". They, ther.;:;fore, postulated that these pore canals are the 
Miller pathway3 for transportation of the pheromone to the surface. 



et at. (1967) could find no obvious ducts in the endocuticle of the 

pheromone gland of T. ni but Smi fuvick ( 19 70) , and Percy ( 19 7-: ) found 

epicuticular filarrBnts running through the endocuticle l.Jirellae of t~e 

p-ieromone gland cuticle j"l PLocZia -;_'.ntevpwicteLia (Hubner) and 

C. fumiferana res~ctively. In C. fiam:ferana these originate at or 

near the ti:ps of the microvilJ::7_ and in both species these filarrents 

farm large masses benGath tlK.: ,.picuticle and so:rre penetrate this layer. 

This c..'Uticle struct\..ID-.) suggests a. sirrd.lari ty with that described for 

P. opercuLeLla in th,~ p:r--2scnt study althougtl detailed descriptions fr\,:r.:t 

t11ese ul trastructural s tudics have not yet been published. Percy and 

Weathers ton ( 19 ·; ) have suggested that the epicuticular filaments may 

represent chai7nels for the transport and possible modification of 

pheromone substances passing through the cuticle. Tnis may also apply 

to P. opera-uleUa, although it appears likely that the phcrart-:)ne may be 

transported c:i.long the pore canals to the region of the large cavities 

where it is stored c:md subsequently released through the epicuticular 

f ilarrents that penetrate between the cavities . Ha,1evcr, no cpicuticular 

filaments or p:ire canals were observed to enter t-.he cavities but J;XJSSibly 

the pheromone diffuses into them across very narrcw regions of cmdo-­

cuticle. Also, the poss.ibili ty must be considered that these cavities 

play no part in pheromone prcduction, but this seems unlikely since 

they are W1usual cuticulcJJ'.' structures and t"i-iey were only found in the 

cuticle overlying thE::' phcromcne gland. A storage flll1ction is also 

suggested from the Ou.::ier•vai:ioil t:i1at ·U-1ey are filled with a m~terial 

which is possibly lipid since most fema.le moth pheromones ill"e acetates 

of fatty acids (e.g. Jacobson, 1972) but histochemical tests ill"'e 

necessary to confirm this. Perhaps a storage site near the surface of 

the cuticle is a.dvantageo..1s because of the small size and surf ace area 

of the gland in p. opercu Le 7,, La. Such structures could cllso lead to a. 

faster release rate because the path along which the pheromone is 

transported or diffuses is shortened. 
Few ul trcJStructural studies of the pheromone glcmd cells of 

female moths have been carried out, and detailed descriptions have only 

been published for B. mori by Steinbrecht (1964), and \:Jak:u and 

Sumi.m::)to (1969). Ha.;rever, f'.C'om the available infornution concerning 

other species the f ollo;.;ring structural details shew similarities with 

the pheromone gland cells of P. operau Ze Z la as described in the present 
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stuiy • The presence of apical rnicrovilli in these cells huS a.J..ready 

been discussed above but it is also interesting to note that Miller 

et al. (1967) report.:.;d the presence of fibres along the length of each 

villus in T. ni whid1 extend into the cytoplasm_ and Smithwick (1970), 

and Percy ( 19 7 :) have but.11 found that the microvilli of P. in terpunote Ua 

and C. fwniferana res:i;:,ectively contain a. central canal. In c. fumiferana 

this also ap:i;:,ears continuous with the smooth endoplasmic reticulum. In 

B. mor-i, C. fwniferana,and P. interpunoteUa sJIDOth tubular endoplasmic 

reticulum predominates in the adult gland, whereas rough endoplasmic 

reticulum is typical before energence (Percy and Weatherston, 197l~). 

The sm:,oth errloplasmic reticu]ll;-1 i.s al.so ,Jell -~•...;'J.:l T?~,..i :.n I'. ope.ruuleZ,Z-a 

an::i this is irrlicative of lipid synthesizing cells. In ad.di tion, 

mitochon:iriia and lipid droplets are numerous in the cytoplasm of B. mori, 

C. fwniferana, and P. interpunoteUa (Waku and Sumimoto, 1969; Smithwick, 

19 70; Percy, 19 7'-t ) , a.-rid elongate mitochondria and vacuoles have also 

been reported in the cytoplasm of the pheromone gland cells of T. ni 

(Hiller et al. 1967). 

A very close similarity exists between the ultrastructure of 

the pherom:me gland cells of P. ope1"aulelZa, and those of B. mon as 

described by Waku and Sumimoto ( 1969). TI1ese authors reported the 

presence in B. mori of well developed Golgi apparatus, large numbers of 

free ribosomes, numerous mi tochorrlria with dense matrixes nnd irregular 

cristae, large globular structures containing some lipoidal material, and 

myelinated figures. 'T"1cse myelina.ted figures wer8 also observed by 

Steinbrecht (1964) in B. mori. Waku and Sum:imoto (1969) reported various 

rnyelinated figures intermediate between partly myclinated mi.tochon:lria 

and vacuoles, and concluded that the mitochondria are the starting 

organelles for the production of the secretory substance illlCl that these 

transfonn into the myeli.nated figures which, in turn, change into the 

secretory globules . Such a sequence may also occur in the cytoplasm of 

the gland cells of P. operauleUa although insufficient intermediate 

stages between these organelles were observed to confirm this. 

The large apical vesicles bordered with microvilli which were 

observed in same of the pheromone gland cells of P. operautella suggest 

the possibility of a structure similar to that described for the male 

pheranone gland cells of the Mecopteran Har-pobittaous australis (Klug) 

by Crossley and Waterhouse (1969a). Certainly vesicles of this type are 
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often associated with ducts which rruy be cuticle lined ( Crossley and 

Waterhouse, 1969a, 1969b) but no evidence was fourrl of the end apparatus 

which frequently occux's in such gL:.md cells. It is equally possible 

t"lat the vesicleS in P. operau'le'lla could be lm~ge infoldings of the 

apical surf ace of the gland cells perhaps analagous to the structures 

which occur in the ellipsoid gland cells of the osmeterium of various 

butterfly lurvae as described by Crossley an:i Waterhouse (1969b). The 

fact t~at the rnicrovilli arise predominantly frcm the surface of the 

vesicle nearest the cuticle in P. operauieiia could also suggest that 

the vesicle opens tavards the b3Sement membrane, rather than tcwards 

the cuticle, althougp. this see.w unlikely. Further research with the 

electron microscope, perhaps involving serial sections , is necessary 

before the correct structure can be eluc:.i.du.ted. Nevertheless, it 

appears that this type of vesicle is unusual in the pheromone gla.rrl 

cells of female Lepidoptera. 

The male 

Scent glarrls associated with tufts or brushes of elongated 

hair-like scales are frequently found on male l..Bpidoptera. These 

structures have variously been termed ''hairpencils", "pencils of hair", 

"penicilli", "rayed-hairs", and "scent-hairs" or "scent bl:ushes" (Barth, 

1937 i Eltringham, 1937; Varley, 1961, 1962; Birch, 1970a). The scent 

organs, of which these scent brushes form a part, are highly variable in 

structure: generally, however, the scent brushes have pouches into which 

they can be retracted or folded when not in use, and the pouches 

frequently have areas of glandular cells whid1 :produce the scent material. 

Often the scent brushes are also situated on levers as in the Noctuidae 

(Birch, 1970a), or on extensible tubes as in Danainae (Pliske arrl 

Salpeter, 1971). Huller (1877) suggested that the brushes pr-ovide an 

enorm:>us surf ace area for the evaporation of t'1e scent, and thus its 

rapid dissemination, whilst the pockets prevent undue loss of scent 

when the brushes are not in use. This has generally been considered to 

hold true in the other Lepidoptera studied and it undoubtedly also applies 

to the pheranone organs in the male P. operau'leUa. Hcwcver, the 

function.of the pockets in P. operaule'l'la for conserving pheromone is 

undoubtedly aided considerably by the forewings covering them. In this 

respect it is interesting that the wing glands of various Phycitinae, 
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which are situated an the underside of the forewings near their leading 

edge, have large flaps that arise from the edges of the pockets and 

partially cover their openings (Barth, 1937; Grant and Brady, 1975), 

whereas the pockets in P. opercu Ze i la ~ simple depressions . This 

difference may be due to the fact that the wing elands of Pnyci tinu.e 

are not always covered by the hindwings, whereas the hindwing organs 

of P. operculel,l,a ~ normally shielded by the forewings and the scent 

scales are entirely encla:;ed. McColl (1969) hna emphasised that 

the increasing camplexi t'.f of male scent organs in I..epidoptera relates 

to the prevention of unnecessary evaporation or secretion. It IIE.Y well 

be, therefore, that t'1e simpJicity of these organs in P. operauleUa is 

due to their posi tianing between fore and hi.ndwi.nu9. 

The IID.1.e scent organs ure uJ..so very variable in pcsiticn and 

have been reported on the abdorren, thorax, legs, or wings of various 

I.epidoptera (Stobbe, 1912; Birch, 1968; Jacobson, 1972). Hcwever, scent 

Cl('gans similar to tha:;e fotmd <.n the hi.ndwings of P. operculeUa occur an 

the pcsterior border of t'i.e hindwings of the gearetrid Hammaptera 

fron.dosata Guerin (Barth, 1959) and, as already :rrentianed, on the fore­

wings of many Pnyci tinae including Anagas ta kuJmie 7,, la (Zeller) , Aclwoia 

griseZla Fabr., Aphomia gu'laris (Zeller), Ca<ira aautel'la (Walker), 

Ephestia elute'lla (lft.ibner), Galleria meUoneUa CL.), and PZodia inter­

puncteUa (Hilbner) (Barth, 1937). The phyciti.nid Vitul,a edmandsae 

(Packard) has tufts of scent scales an both fare and hi.nclw:i.nes (Weatherstc.n 

and Percy, 1969), and many of the above mentiane:l Phycitinae also have 

scent glands situated dorsally an the 8th al:xlOJ!linal segn'Eilt. 
It has generally been considered that the vibration or beating 

of the wings by the r,heromone sti.Irulated male moth, when approachine; an 

attractive female, serves to disperse the scent and this seems very 

likely to occur also in P. operauleUa. In additicn, the circl:ing 

moverrents of the male probably help to ens Ul'."e that the male' s scent 

is spread in all directions and thus increase its chances of coming into 

ccntact with the female. 
The wing glands of the male G. mell,onel,,l,a and A. (P'iseZZa 

have been shewn to proctuoe a sex attractant for the female (Roller, st ai. 

19G8· Dohm rJt aZ..1971), whilst thosr.::i. nf P. int:Jrpunotaitr, pr:iduce a I,hert.m:..n~ 
• f . . 

that subJ.ues th~ asca~ reacti~.;n ,-,f ti1c fc.Ecle .:md thureby 2.CJ.litates 
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rrating by the male (Grant and Brady, 1975), The wing 3land scent of 

these latter m::>ths therefore acts in a very similar fashion to that of 

P. operaule1-Za. In addition, Grant and Brady ( 1975) also concluded that 

a similar function was the major ooe of the wing glands of c. aaute zia~ 

althOUl;ll they were lll1able to demonstrate it. It may also be noted that 

al thou51 the scent glands in male Lepidoptera arB generally cmsidered 

to be sex pheranone e;lmlds whid1 prcx:iuce aphrodisiac scents, this h.;lS 

only been dem.cnst:rated in sane butterflies (Brewer, Braver, and Cranstcn, 

1965; Myers, 1972; Myers and Brewer, 1969; Pliske and Eisner, 1969; 

Tinbergen, Meeuse, Boerenu,and Vorcssieu, 1942), sorre Noctuidae (Birch, 

1970a; Clearwater, 1972; Grant, 1970) ,and the plutelli.nid AaroZepia 

asseateita Zeller (Thi.bout, 1972) in addition to the above mentioned 

Phyci tinids (see also 01apter 8). On the other hand, trie abdominal brush 

organs of sarre male Sphingidae .:rm everted for warn.:ing .JI1.d,or defa. ·.1sive 

purposes when hundledor disturbed (Birch, 1969; Grant and Eaton, 1973) but 

virtually nothing else is kncwn of their ftmction in t'us f Clmi.ly. These 

latter observations perhu.p:, support the suggestion by Birch (1970c) that 

a deterrent acticn of the male scent may in fact be the primitive flll1ctim 

of rrale scent organs in general. This theory and others relating to the 

evolutioo. of male scent functions in I..epidoptera have been discussed in 

detail by Birch (1970c, 1974). 

It seerrs reasonable to suppose that the pheranone of the male 

P. operau Ze i Za is secreted at least in part by the enlargecl trichogen 

cells at the lxlse of each of the elongated scent scales. The vesicular 

cytoplasm and enlarged nuclei, together with the large apical microvilli­

lined vesicles at the bases of these scc>..les support this canclusicn. 

'Ihe scent gland eells of other male I..epidoptera are modified trichogen 

cells (Percy and Weathers ton, 19 74), and the suppaged sex pherom:ne 

organs of other male I..epidoptera have been described as having praninent 

nuclei and microvilli-lined reservoirs (Eltrinsriam, 1913; Percy and 

Waathereton, 1974 ). Also, in those male I..epidoptero. which have been sham to 

pricrluce pheronones, the nuclei of the glundular cells are enlcl.rged: 

they ma.y also be rounded to ovcl as in Triahop'lusia ni (Hubner) (Gnmt, 

1971), or ir:nagularly branched as in Da:nau.s giUippus bereniae (CraIIEr) 

(Pliske and Salpetel'.', 1971), or they may shew extreme branching as in 

the trichogen cells of Stobbe 's organ, (an anterior invagmation of the 

scent brush pockets of Noctuidae) in Ph 'logophora ~ti.culosa CL.) CBirci1, 
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1970a).Such microvilli-lined vesicles are frequently found in ot11er 

insect glandular cells as already noted above in t-ie discussion 

concerning the female pheranone glands . Hc:wever, the apical vesicles 1..--1 

the gland cells of P. operau le l la possess end organs similar to those 

that occur in gland cells associated with cuticular ducts in H. australis 

and other insects (Crossley and Waterhouse, lG69a, arrl references therein), 

whereas Birch (1970a) found no trace of such an end apparatus in the 

glandular cells of Stobbe's organ in P. metiaulosa. 'The possible 

functions of the filc3IIDnts of the end apparatus have been reviewed by 

Crossley and Waterhouse (19C,J:,.) who note tliat they may have structurally 

bound enzymes on them, or have a valving action, perhaps by forming a 

sieve to se:parate toxic secretions from the gland cells . Such a valve 

function also seems possible in P. operouleUa since the male pherorrones 

whict1 have been identified in rroths consist of s:unple terpenoids, 

aromatics and c.:rrboxylic acids (Birch, :l.971~) and these would be fairly 

toxic. It seerrs attractive, therefore, to suggest that the hollc:w 

shaft of the scent scale forms the major storage area for• the ma.le 

pheromone in P. operoulelZa, and that backflav of the chemicals is 

prevented by tne end apparatus. Perhaps structurally bound enzymes on 

the end apparatus f ila:m:nts also f ann the pheromone from a less toxic 

precursor. In contrast, the L:1.ck of an end apparatus in the glandular 

cells of Stobbe' s organ in P. metiau lose is possibly related to the fact 

tllat the secretion of these cells is completely discharged soon after 

the adult hatches from fuc pupa, 3I1d that the cells are in:i.ctive there-

after. 
The cytopL=:ism of the glandular trichogen cells under the light 

microscope appears homogeneous in T. ni (Hubner) (Grant, 1971), but the 

cells of Stobbe.'s organ in PseudaZetia separata (Walker) contain two 

types of vacuoles which contain cliff crent materials. Under the electron 

microscope, the cytoplasm of Stobbe's gland in P. metiauZosa has 

numerous vacuoles close to the rnicrovilli of fue apical vesicle and fuese 

increase in size nearer the rnicrovilli (Birch, 1970a). Birch (1970a) 

tllerefore suggested that fuese contmned. the substance which is secreted 

into the apical vesicle b.;:;rouse he observed a material in sane of the 

vacuoles with similar staining properties to that in the apicul vesicle. 

Small vacuoles also occur in fue cytoplasm of the scent scales of 

D. gi Uppus at least in the pupa when the scent scale dust <see 
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belcw) is forming (Pliskc and Salpe·ter, 1971). Presrnnably sane of the 

vacuoles observed in file scent glund.s of P. operouZeZZa in the present 

study also cont:ri.n canponents or precursors of ti1e secretion in the 

apical vesicles, but there is as yet insufficier.t evidence to state that 

this is the case. 

Ll.ttle information, other than that rrentioned above lJ1 

connection with the apical vesicle, is availuble about the ultrastructure 

of male pheromone glan::ls of Lepidoptera. Birch (1970a) states that the 

basement membrane of the glarrlular cells of Stobbe' s organ in 

P. metioulosa is 0.05µ thick an:i very electron dense. A large anount 

of grnnular material, probably riboscmes, and endoplasmic reticulum is 

present in the cytoplasm but there is a total absence of mitochondria. 

Also there is a large number of rnicrotubules in the lateral walls of 

these cells. In contrast, the cytoplasm of the glarrlular trichogens of 

D, gi Uppus is crcwded with mi tochomria illrl ribosoires, and micro­

tubules are tightly pa.eked around the microvilli-lined vesicles (Pliske 

and Salpeter, 1971). It therefore appears that the structure of the 

trichogen cells of P. operou z.e Z 7,,a is closer to that of the gland cells 

of D. gilippus than to that of the Stobbe's organ cells of P. metiaulosa, 

since the fonner possess mitochondria. It is also interesting to note 

that the relatively limited developnent of the endoplasmic reticulum 

does not exclude the prosibili ty that this system plays sorre part in 

the synthesis of secr>etion according to Crossley and Waterhouse (1969a) 

These latter authors 2:lso rr""'ntion that microtubules can have a direct 

strengthening role or they can act independently as templates for the 

oriented deposition of strengthening materials, and a strengthening 

function seems likely in the trichogen gland cells of P. opercruZeZla 

as well as in D. gilippus and P. meticrulosa, since these cells are each 

sOIIBwhat like a bag surrounding a large apical vesicle. 

PresUJTl::1bly the folds in the basal cell nu.mbrillle of the 

secretory trichogen cells of rrah.: P. operoule l, la serve to increase the 

surface area of the cell next to the haemolymph nnd facilitate gr;>eater 

transport of :rraterials acr>oss it. Pliske and Salpeter (1971) make no 

mention of folds in this :rrernbrane in P. gi Zippu.s, and none occur in the 

walls of Stobbe 's organ cells in P, metioulosa according to Birch 

(197Ca.). Hcwever, a thin peripheral basal zone has been described in 

the glandular trichogens of soIID male Hesperidae by Bm:'t°l'l (1954), and 
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m:tl.e T. ni by Grant Q.971). Gl.1 ant (1971) u.J.so noted that there was a 

suggestion of loose microvilli within this zone in T. ni, but that its 

structure ca..i.ld not be determined by lii11t microscopy. It seems possible 

that this zone in the elund c :::.lls of all these r0.oths is formed by folds 

:in the cell mewbrane siJnil.Jr to those in P. operau le l la. 

The ffil:3chanism of evertion of the scent brushes of P. operC!UZeUa 

was not investigated. Ha,;ever, D.'1,;; paucity of JTDJScle fibres in the 

region of the bases of the scent scales suggests that direct muscular 

action is not involved. Possibly these nuscles sir.aply bend the cuticle 

of this ree;ion of the wing outw.:rro. so that the scent scales become 

splayed. Such an action has been suggested for the m.i.scles cJ.t the base 

of the sc~nt brushes in P. metieulosa .:.uJ.Cl. P. separata by Birch (1970a) 

and Clearwater (1972) respectively. Blooo. pressure may also play a 

part in evertion in P. operaulella and this h.:is been suggested to cause 

evertion of the scent brushes in D. giUppus by Pliske nnd Salpeter 

(1971). In addition, it is possible that static electrical charges may 

help to disperse the scent scales in P. operauleUa since th2y seem to 

acquire electrical d1arges easily. further research is, however, 

necessary to determine the exact mechu.nisms involved in evertion of 

these scales .L-ri P. operau le l la. 

The pheranone of P. operculella presumably diffuses thr'Ough 

t.1.e cuticle of t"f-ie scent scales since no pores could be found in it. 

Pores do occur in the scent brush scales of the Sphingid Manduoa sexta 

(Jahannson) althour;n -1-,1.e tric.riogen cells at the base of these scales 

atrophy soon after the adult hatches from the pupa. On the other hand 

no pc:lt'es could be found on the pocket scales of this insect, and their 

trichogens are active throue).1out adult life so that they presumably 

secrete the scent (Grant and Eaton, 1973). Also, the scent brush scales 

in M. sexta resemble the long scales around the edge of the wing of 

P. operC!UleUa, whilst the scent pocket scales only have indistinct 

longitudinal ridees on their surf aces. The scent brush scales of 

P. metiaulosa, in contrast, are much rrore complex than those of 

P. operaulella. Bi.rdi. (1970a) describes them as consisting of three 

regions grading £ran proximal longitudinal ridges with regular pits 

between them, to a distal rE.gion where the ridges are produced into a 

lattice with an irregular network of struts bel&. A number of other 

Noctuidae also have scent brush scales with a similar surface structure 
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(Birch, 19 70a) • HOi-lever, the trichogens at fue base of t11.ese scales 
• D • 
1.Il ,. • met'l,au Zosa .:ire not e;lillldular, but instead Stobbe' s organ secretes 

a precur>sari to the pheromone and there is sane evidence that a secretion 

frcm the elandulcJr' trichog,::llli at the bases of "t.:.1e pocket scales is 

essential f ari the development of the scent. It is also interesting to 

note that the finu.l sc,:mt found in the pockets of P. metiauZosa is 

sufficient to only c.:'1.ur~s; the brushes at least thr>ee ti.rres and that this 

limits the number of ti.rres th\; rrale cnn mate successfully (Birch, 1970a, 

1970b). 

Grant illld Eaton (1973) have suggested that the hi271ly 

sculptured scale surf aCB provides o. reservoir for storage of volatile 

secretions before t>-ie brushes are displayed, and increases their surface 

a.rea to provide a large evapariative surface when the brushes ure 

everted. Such functions rruy also equally well apply to the scent scales 

of P. opercuZeZZa. 

The fact that th8 scent scales in P, opercuZel,7,,a stuin with 

eosin in contra.st to other cuticle may indicate soire chemical difference 

in the cuticle al tl1oum,-1 it is also l:i.kely that the secretion, or sore 

can:pJnent of it, is trapped in the cuticle illld it is this which stains. 

Certainly the vesicle at t11e base of the scale is also eosinophilic. 

Weatherston and Percy (1969) reported that the tip of the "club pencils" 

of V. edrrrundsae are slightly eosinophilic, and that the scent scales 

on the wings contain tiny eosinoi;hilic granules. According to Pliske 

and Salpeter (1971), :::he ccsinophilic granules that occur on the 

outside of the scent scales of D. gi Zippus are the ''hairpencil dust" 

i:;erticleswhich contain the pheromone. RGcently the courtship behaviour, 

of Danaiinae, tugetl1.er with the chemicals involved and their actions 

have been reviewed in detail by BircJ-1 (1974). 

It ap~ars that the hyp::xlerrnal cells between the scent scales 

in the male p. opercu 7,,e l 7,,a are secr-Btory since their cytoplasm has a 

s:i.m:i.lar ul trastruc"t1.Ir',c to that of the glandular trichogens, and is 

very different from that of hypcdermal cells elsewhere in the wing. 

Since, hcwever, t11esc hypcdermal cells are small, and their nuclei are 

also small, it is probable that they may only secrete a small quantity 

of rnaterial. If they are in fact secretory, two possible functions for 

the secretion seem likely: firstly it may be a precursor of trie 

pheranone or sore ccmponent of it which is absGrbed by the trichogens 
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2J1d further m:x:lif ied by thcJil, or secondly it may be liberated onto the 

surf ace of the wing where it either reacts wi tri the secretion frcm the 
trichogens to form th-. , e pneranone, or f orrns c. component of the fherornc,ne. 

In suppart uf the latter l_X.)Ssibili ty, Birch ( 19 70c1.) , as already rrentioned 

above, obtained un i:rxl.ica.ti0n thut Stobbe 's or2;.::ID in P. metiaulosa 

secretes a precursc.r to the pherorrone, and that this is acted upon by 

another secretion which probably ariginc1tes from the pocket scale 

trichogens to form t'l.e pheru1IDne. Thus the contents of Stobbe 's organ 

may be a substance which is non-toxic to the gland cells, .:u'"ld the toxic 

pheruIIDne is formed on the outside of the cuticle. Suc11 a rrechanism 

could possibly al.so vecur in P. operau le 7, Za. In addition, the pherarones 

whic~ have been identifiL'Cl in a number of rrale 1.Bpidoptera consist of 

two di:' mre c...>mp; ... nents (Birch, 19 7 l{ ) and it is quite conceivable that the 

pheranooe of P. operau le l la similarly has a number of components , and 

that these may be secreted by different cells. Perhaps the large 

necrotic cells of unknam function which occur between. t'"le glandular 

trichogen cells in P. operau le 7,7,a pr.:.::duce unother secretion during the 

pupal stage, and then subsequently degenerate to form a reservoir for 

the secretion. Small deeply staining nuclei have also been rep:Jrted to 

cccur near the bases cf the wing scent scales cf male V. edmandsa.e by 

Weathers ton and Percy ( 19 69) , and near the bases of the scent sc-:tles of 

D. gilippu.s by Pliske an::i Salpeter (1971), which possibly belong to 

necrotic cells similar to tl1U3e observed in P. operau le Z Za. Further 

research is, h<.Mever, necessary on the developr.:Bnt and histc,chemi.stry of 

the various cells in the region of the scent scales before any definite 

conclusions can be drawn ccncerning their function. 

In conclusion, the probable mechanisms fez, the production and 

liberation of the pher0IIDne by the m:ile P. operaulella ill'e .:is follcws. 

The scent scale trichogen cells prcduce either the entire fhcranone, a 

major cumponent of it, or a precursor of it and tl-iis is stored in the 

h~llcw shafts of the scales. It diffuses throur.,h the cuticle of the 

scale onto its surf ace and a second secretion from the hyped.enrol cells 

may be added to it which rna.y :rBact with the scent scale secretion to 

form the final pheronune. The phcranone then adheres to the roue}l 

sculptured surface of the scent scales, and when the brushes are 

everted a large surface area of ph.eranane is expcsed resulting in the 

rapid liberation of a relatively large arrount of it. Tnis is then 
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dis~ed by the beating wings 2nd turning movem::mts of the male, thus 

helpine to ensure th2.t the female is Gxpcsed to the pheromone. 
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S\.J11'1!\RY 

The repro:iuctive organs, sexual belw.viour, and J_:herc:mone glun:is 

we.re studied separately in th,, New Zeuland gr,ass grub beetle, Coste Zytra 

zea'landica (Whita) (Scarubaeidae: Melolonthinae), and the potato 

tuberwarm rroth, Phthorima,ea operau Ze Ua (Zeller) ((?elechiidae: 
GnOt'imcechemini). 

In C. zea'landica, sexually dimorphic features were noted and 

the male and female externul genitalia were described in more detuil 

than previously. Im account was given of the IIUJ.Scles of the external 

genitalia i3I1d. the mechu.n.:i.cs of cop,.ilation: .i.ntrornission was found to be 

effected by the internul sac when everted by fluid pumped from within 

the rrn.iscuL:ir sheath of the ejaculatory duct. The first account of the 

morphology and histology of the internal rep-reductive organs was given 

al thrugh the gonads we.re not treated in detail. The internal 

reproductive organs were found to shCNl only minor differences fran. thcee 

of other Scarabaeidac; the most notable being that t11e male has a pair 

of connective tissue sheaths binding the accessory glan:l reservoirs to 

the vesiculae seminales, and the fern.ale has an anterior region in the 

rredian O'\liduct which is histologically similar to the lateral oviducts 

and the accessory glands are not differentiated into regions. A 

description was also included of the female accessory glands which are 

known to contain bacteria that produce the sex pheromone (phenol), 

together with a prelir~in,:rry identification of these bacteria. 

The first account of the sexual behaviour of C. zeaZandica 

WclS given. Precopulatory behaviour was simple: attractive females had 

no characteristic posture: the responses of males included flying in a 

hOt'izontal zigzag and ,ur running tCNlards the fem.ale whilst pericdically 

beating their wings. Copulation lasted a mean tin-ie of 28 minutes at 12°c 

but was very variable. Many rn.u.les remained in copula for sare time after 

completing si;ermatophar>c trans£ er. 
Mating occurred ffi03t frequently during the dusk flights, and 

thereafter the proportion of copulating pairs diminished tmtil few were 

fotmd after 2 to 3 hours of darkness. The beetles flew moot often at 

dusk, less frequently at d<JWn, and rarely during the night. The 

influences of environmental factors on flight and mating were noted. 

Light intensity was fotmd to have an important influence on the time when 

the beetles flew: peak flight occurred between 1 o.nd 10 lux at dusk, and 
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apparently between 10 and 50 lux at dawn. 

Sexual attraction in C. zealan.dica was investigated in the 

field using sticky traps. Canf irrrution was obtained that p,'1enol attracts 

males and it was sha-m that extructs of females were similarly 

attractive. There wc:is also an indication that phenol IT1.c1.y be weakly 

attractive to ferrules. 'Ihe sex attractant was demonstrated to be moot 

effective when located near the edges of tall edible plants where the 

beetles swarm. Attraction to phenol was pc:sitively correlated with 

temperatl.n:'e, arrl inversely correlated with wind speed. 

All attempts to develop a laboratory behavioural bioassay for 

the female sex pheranone of C. zealandica were unsuccessful. Field 

experiments indicated thu.t this was partly due to the beetles not being 

given suitable visual stimuli (probably irregular silhouettes) for them 

to fly tc:wards . 

In P. opercu le l la sexual climOl'.'phism and the male and female 

external genitalia were described in more detail than previously. The 

first description was also given of the morphology and histology of the 

internal reproductive organs. These shewed close similarities with those 

of other I..epidoptera except that the bulla serninalis is cnly a dilation 

of the ductus seminalis . 
The sexual behaviour of P. opercu le Ua was described f dr' the 

first time. Attra.ctive females adopted a resting pasture with ovipositor 

extended. Male pre copulatory behaviour included flying and, or running 

tcw-ards the female, e:..: ... :•cling movements, rapid wing beating, and everting 

their hind.wing hairpencil <.rgans. Tne hairpencil scent ap:i::-eared to 

sulxlue the escape responses of the female. No other male pheromone 

slands were found by histological rrethoJs. Copulation usually lasted 

fran 3 to 4 hours at 20°c but was very variable, u.nd it took longer at 

lCMer temperatures • 
The time of day when P. operauleUa was sexually active was 

investigated both in the laboratory and in the field. Mating occ1..ln'ed 

m:st frequently within cne hour of the onset of durkness, and less 
0 0 , . frequently at dawn at 10 C to 20 C. At constilllt temperature, the 

proportion that muted after nightfall decreased at progressively lCMer 

temperatures , whereas the proporticn that rrated at dawn remained 

constant. Mating w.::is aJJncst entirely inhibited at 1°c in the laboratory 

vftlilst no attraction uccurred in the field bel...:w about 10°c presumably 
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because flight u ... :s i.nr:.L::iiteu. Hcwever, sexual activity occurred if the 

temperature rcse prc.vided that the rise did not coincide with the onset 

of darkness, or did nut take place in t11e middle 0f the day. It was 

shewn th.at the tine of day w~1en mating tcx.k pk.ce was determined by 

the f ernale when she released her sex :i;:neromone and that the male would 

respond at any time of day althouE):1 this was l'!.axinD.l at the ti.r£es when 

females we.re attractive, at the onset cf darkness and at dawn. 

An objective and quantitative laboratory bioassay was 

developed for the female sex :rneranane of P. opercuZeUa, utilising the 

u µ,,ind attraction of males and their sexual dis plays . The presence of 

a female sex pheranone was conclusively demo.11Strated, but attractim was 

inhibited at 1 lux and occurred at O .1 lux or lcwer. The attractant was 

shown to be µ:,educed in the middle third of the 0viIX,:5itor by bicassay 

and a histological search confirrred that the pherorocne gland is a 

dorsal sac-like region of the intersegrrental rrembrane between the 9th 

and 10th ab:iomi.nal segµ:mts on the ovipcsit0r. 

The male .:md female µi.ercmme glands cf P. opercu ie Z Za were 

described in detail. The cuticle of the female glc:1nd contains an 

unusual layer of endocuticular cavities and its surfare differs from 

th.at of cuticle elsewhere. The ultrastructure of the female gland cells 

also differs from that of normal hypoclermis in the greater developrrent 

of apical microvilli and smoot:i11 endoplasmic reticultun, and in the 

poosession of large apical rnicrovilli-lined vesicles, enlarged nuclei, 

mitochmdria associated with various :rrembrane complexes, and myelinated 

figures of cmcentrically arranged irembranes. 
The ma.le hindwing glands of P. opercule Ua each consists of 

a mean of 177 elongated scent scales and a shallc:w pocket. The scent 

scales have a characteristic surface structure with longitudinal ridges 

about 1.35µ apart, large transverse ridges about 0. 7µ apart, and small 

transverse ridges about O. 05µ apart. Ttie glandular region lies at the 

base of the scent scales and consists of secretory trichogen cells and 

pcssibly hypodermis. Each scent tric.1--iogen has <1 large rnicrovilli-lined 

vesicle inva.ginated frcm the hollc:w scent scale, a vesicular cytoplasm 

containing a number of different vacuoles, and an enlarged nucleus. 

The cytoplasm of the hypocterrnis cells is similarly vesicular and differs 

from that of nat:'II}a]. hypcx:lerrnis. Large necrotic cells of unl<nc:wn function 

were also found occasionally between the trichogens. 
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Plants eaten by adult c. zealandicu 

Intrcx:luction 

Included here are observations on the plants hovered arotmd, 

alighted an, and eaten by C. zectla:ndica in the field, together with 

the results of an exi::eriment to find whiC'.h of these were also eaten in 

the laboratory. Tiris was carried out to determine whether the 

edibility of a plant is :important .with res~ct to the hovering or 

alighting behaviour of the beetles. In addition, a number of other 

plants, not present at t11e locations where C. zealandica was studied in 

the field, were similarly tested for their edibility in t.°'1.e laboratat'y. 

This was done for its intrinsic interest since large numbers of adults 

were readily available for such exp2,rirnents during the flight season. 

Methais 

Adult C. zeala:ndica were collected from hedges after the dusk 

flights and kept in groups of 100 in plastic boxes, 30cm by 20cm by 

10cm high, with tightly fitting lids. 'Il1e boxes were provided with a 

layer of soil about 3cm deep in which the beetles could burra-J. Each 

grrup of beetles was also kept only for 9 days and then discarded. 

Three days after their collection, 5 to 10 shoots of different plants 

were placed in the boxes. These were examined the fallowing day and 

thooe that were chewed were considered to be eaten and were replaced 

with different plants. Those that sha-Jed no signs of havinG been 

eaten were left for a further two days and examined daily, and if, at 

the en:i of this period, they still shOiled no signs of having been 

eaten they were considered inedible and were replaced with other plants. 

Results 

The plants identified from the localities where C. zealandica 

was studied in the field are listed in Table Al.l together with the 

bcllaviour of the beetles towards them and whether they ate them in the 

labc:n:'atat'y. The other plants which did not grr:,w at these localities 

and which were similarly tested in the laboratory are listed in Table 

Al.2 



T..w::.e Al.l 

Be.haviour- associated with feeding of adult C. zealandica in the field.* 
F.dibility Alighte::l f.aten Swarme::l 

Plant species Canmon name Family in on in in aroun:i 
Laboratory field Field 

Plnus radiata D.Don Monter-ey pine Pinaceae - + 

Sequoia sempervirerw En:il, Califcrnian Ra:i~ Taxcdiaceae - + 

Cupressus macrocarpus Gar-d. Maccoeat'pa Cui;ressaceae - + 

Berberis vulgar-is L. Par-berry ~be:'idac0:1e + + + + 

BeiZschniedia tawa (A.Cunn.) Benth. Tawa Lal.Ir'aceae + 
Rwnex sp. Dock Polygonaceae + + 

Leptospemrum scopa.."'iwn far'st. Manuka Myrtaceae + + 
II 

Metrosideros robusta A.Cunn. Ncrthern Rata + 
ExalZonia sp, Escalloniaceae + 

MaZus 11 cv11 Rosaceae + + 
Eriobotrya japonica Linil. 

II + Loq_uat 
Prunus "cv11 Plun 

II + + + + 

Prunus duZcis D.A.Webb Almorrl 
II + + 

Prunus 1.auroceraaWJ L. Carmon lal.Ir'el It + 
Prunus persi'.ca Batsch. Peach II + + + + 

Rosa "cv11 Rose It + 
Rubu.s "cv" Blacl<ber'!'y It + + + 
Acacia baiZeyana F.Muell. Cootarnurrlra watt le Fabaceae + 
TrifoZium pratense P.Pu. Re:l clover' + 
Sopho1,a microphyZZa Ait. Kowhai Papilionaceae + 
AZnus gZutinosa Gaer-tn. Carm::>n alde::- Betulaceae + 
Quercus robu:t1 L. English oak Fagaceae + 

Citrus sp. Ge ape fruit Rutaceae + + 
Por.cirus trifoZic.ta R.A.F. Japanese bitta:- O':'ange + 
CameUia "cv" Camelia Theaceae + + + + 
Acer paZmatwn Thunb. Japanese maple Aceraceae + + + + 
IZex aquifolium L. Corrmon holly Al,uifoliaceae + + + + 
Salix alba L. Willo;... Salicaceae + + + + 
Salix rr.atsudana J<bi::iz Twist e:i willow + + + + 
Populus nigra L. Black poplar II + + + + 
Rhododendron "cv" Rhcdoderrlron El'.'icaceae + + + 
Ligustrum ovalifolium fussk. Oval-leaf p:-ivet Oleaceae + + + 
Viburnum tinua L. Cai:rifoliaceae + 
Leycesteria formoaa Wall. II + 
Seneaio jacobaea L. Ragwcrt AstE!t'aceae + + 
Plantago lanceoiata L. Plantain Plantaginaceae + 

~ ..... 
0) 



TABLE Al.2 

Plants eaten by crlult C. zea'landioa in the lal.:x:iratory in crldition to those 
teste:l in Table AL 1 aoove:':. 

Plant species 

Podoaarpus ferru(Jineus G. Benn. ex D.Don. 
Podocarpus totara G. f3,::,....nn. ex Don. 

Hedyaarya arborea J.R. et G.Fcrst. 
Macropiper excelswn (Fcrst .f) Miq. 
MeLiaytus ramif'lorus J.R. et G.Farst. 
Knightia exaeLsa R. Br-. 
Aristotelia serrata (J.R. et G.Fcrst.)W.R.B.Oliver-. 
Weinmannia raaemosa L. 
Carpodetus serratus J.R. et G.Fcrst. 
Nothofagus menziesii (Hook.fl Oerst. 
Cyathodes juniperirza (J .R.et G.Fat'st.) L':t-uce 
DysoxyZum speatabiZe (Fcrst .f) Hook.f. 
Neopanax arboreum (MUCT. )Allan camb.oov. 
SaheffZera digitata J.R. et G.Forst 
Myrsine austraUs (A.Rich) Allan. 
Geniostoma Zigustrifoliwn A.CW1I1. 
Coprosma austraZis (A.Rich) Robinson 
Coprosma robusta Raoul 
Coprosma spathulata A.Cunn. 
l3raohygwttis repanda J.R. et G.Farst. 
Vitex Zuoens Kirk 

Ripogoniwn saandena J .R. et G.Fcrst 
Holcus lanatus L. 

* 

Corn.non Name 

Miro 
Totat'a 

Pigeonwcx:x:l 
Kawakawa 
Mahoe 
Rewarewa 
Wineber-ry 
Kama.hi 
Putaputaweta 
Silver beech 
Mingimingi 
Kohekohe 

Pate 
Mapau 
~ehange 
Kaoono 
l<ar:'amu 

Rangiat'a 
Put:-iri 

Supple jack 
Yer kshire fog 

Fa;mly 

Po:iocarpaceae 
II 

Morumiaceae 
Piperaceae 
Viold.Ceae 
Froteaceae 
Elaeocarpaceae 
Cunoniaceae 
Escalloniaceae 
Fagaceae 
EpaCT iclaceae 
Meliaceae 
.Araliaceae 

II 

Myrsina.ceae 
l.Dganiaceae 
Rubiaceae 

II 

II 

Asteraceae 
Verbenaceae 

Smilacacea.e 
Poaceae 

+ = an observe:i positive response 
- = an obserive1 negative response 

No in::lication = Not obser-ve::l, but not necessat'ily a negative response 

Edibility 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

.;::,. 
~ 

I.!) . 
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It is uppa.:rent that the imago of C. zealJndioa ato a wide 

variety of foliage including 49 of the 50 species of aneiosperm, tested, 

but they di9 not eat any gynnospenns. 1he beetles also sha..;2d marked 

differences in the amcunts of various plants they consl.llla2d al thruf#"l no 

attempt was ffi:lde to quantify this. It appeared, hewever, that in t11e 

labar'atary they pref erred these plants which they were observed to eat in 

the field. In addition, they also preferred rose although this plant was 

not observed to be eaten in the field. It nay be sisnificant that the 

rcse bushes grew close together, a.11.d we.re oversh. ... dc:Med by u. building so 

that they may not have been favourably situated for the beetles to fly 

towartls . In addition, it was also apparent that al though the beetles 

were often seen to fly tawards gymnosperms in the field and tl-i.en fly 

a.way, fewer beetles alighted. on them ccrnpared with other tall plants. An 

exception wu.S, howev~r, observed in Noverriber, 1975, after the present 

study had been completed. This was on Mr E.R. Stack's farm near Feilding 

where there we.re a rn.unber of fields bordered a!Jnost exclusively by 

'Pinus radiata D. Don. Here the beetles alighted on the pine trees :in 

relatively high. numbers of up to 10 or norc on eac..'7. outer cluster of 

needles, and this behaviour was attributed to t1cre be:ing a lack of 

other trees. 

Discussion 

The present investigation does provides~ indication that 

the edibility of a plant influences the behaviour adult C. zealandiaa 

show tav.:n:us it in the fielcl. Thus gyimosperms which were not eaten in 

the laboratory were also not swarmed abwt or usually not settled on :in 

the fieJ.rl., whereas plants which were preferred as foa:i in the laboratar'y 

were usually swarmed about and settled on in the field. On the other 

han:l, some factors other than edibility may influence the beetles' 

behaviour tcwards the other tall angi.osparm.s which were eaten in the 

laboratory and v;hich were usually not alighted oo or eaten in the field • 

These plants may possibly either present an unattractive siJhouette to 

flying beetles since they have large leaves and an open foliage, or they 

r.uy not have been favourably situated fat' the beetles to fly tcw<¼Cls. 

It can be noted that the reports of other authors (Anon., 1927; 

Cockayne, 1911; Cannell, 1933; Farrell and Wi@l.unan, 1972; Fenemure, 

1966; Hilgendorf, 1902; Kelsey, 1951• 1957; f'liller, 1924; Radcliffe and 
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Payne, 19 6 9; and Thanas , 1913) support the present f indL---i~ that the 

adult C. zealandica will eat a wide variety of foliage. Other Scara­

baeidae which fly t0 traes to feed apparently u.l.so eat a wide variety of 

plant species u.s evidenced, for example, by AmphimaUon majalis 

(Razoumavski) (Schwardt a.nd Whitcornb, 194-3), Anomala aenea Geer 

(Rittershaus, 1927), Melolontha melolontha L. (Gasser and Wiesm:mn, 1950; 

Hurpin, 1956), and Phyllopertha horticola L. (Rittershaus, 1927; Milne 

and Laughlin, 1960). In fact it appears especially advm1tageous that 

beetles which fly tc..wards the sill1ouettes of trees durine brief pericxls 

at dusk (see O1apter 4-) should accept a wide variety of plunts as food 

because of the restricted ti.Ire available to thE-;!Jil to find suitable host 

species. In addition, it is interestin13 that C, zeal..:cndiaa does not eat 

gyrmospanns since this is <J.lso generally the case with uther adult 

Scar'abaeidae, althuugh Schwardt and Whitcomb (194-3), and Johnson (1954-) 

have repat'ted that A. majalis and Polyphylla deaemlineata (Say) 

respectively will eat pine needles. 



Appendix 1.2 

Preliminary observations en the ovipositicn of P. operauleZZa 

Irrtroduction 

422. 

During studies en the loogevity of P. ope:rauleZ.Za (Q-iapter 6), 

the oppcrtuni ty was taken to determine the numbers of eggs laid ~ day 

by l'Ilcl.ted and unmated fenales . In ad.di tion to its intrinsic interest it 

was hop:d that this would enable a check to be ma.de on the success of 

the rearing methods by canpar:ing total egg producticn with that reported 

in the literature. The diel pattern of oviposi tian was also investigated 

as a possible check on whether disruption of the moths behaviour was 

occurring during photography at night. 

Mathcrls 

The methods used were these descr'ibed in iliapter 6 for 

determining the longevity of the moths. In additicn, the filter paper'$ 

covering the containers were examined daily and the eggs laid en them 

ca.mted and removed. The ccntainers were ·also dismantled at the end of 

the experinents and examined fer eggs laid other than on the filter 

papers. 

The diel pattern of oviposition was determined fran three 

gr,oup:; of 10 pairs of newly errerged moths . These were kept in the 

observation chamber used for inotograixung the moths (iliapter 8; Figtm= 

a .1) . A sheet of damp:med blotting parer was placed on the organdie 

netting and the entire apparatus was left in the roam used far' rearing 

the moths (Chapter 6). The blotting parer was then rem:,ved and exami.ned 

at intervals of one hour or nore far' the number of eggs laid en it. 

Also at the end of each experi.Joont the apparatus was dismantled and 

examined for eggs laid elsewhere than an the blotting paper. 

Results 

The mmbers of eggs laid per day by each of 31 mated female 

p. operc,u Ze i 7,a are shewn in Figure A2. .1. 

It is appanmt that the egg laying pattern of individual ooths 

varioo ccnsiderably. The total number of eggs laid per female varied fran 

19 to 199, with amaan of 99.71 (S.D. = 56.12). About half the females 
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Erratum 
Figu:~ A2. • 2 

(Note; Figure A2. 7, foZ.l-ows on page 425.) 

The diel pattern of ovii:ositian by P. operoul,e iia 

The oviposition patterns are sha-m for three groors of 

10 pairs of ma.le and f ema.le moths, together with the mean 

oviposition patteni for all three gr'CUps. 

Note that 13.06% of the total number of eggs laid are 

not coosidered here since they were not depooited where they 

cOJ.ld be counted during the experiments. 
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(48 .4%) began laying during the first 24 hours after they were placed 

with males, whereas moot of the remainder ( 38 • 7%) began laymg durmg 

their second day, and only a few (12.9%) started later than this. Also, 

the total ovipooi tion period, including the fmt day of laying, varied 

from 1 to 17 days , with a mean of 8 . 3 days ( S . D. ::: 5 . O days ) . On the 

average the females laid most of their eggs during their first day of 

ovipasitian, and the rn.JII\Ders laid thereafter fell rapidly so that about 

80% were laid within the first 4 days of the ovipcsition pe:rioo. (Figure 

A2.l C). This, together with the variation in preovipcsition period 

noted above, accounts far the egg laying patterns for the entire 

population sham in Figures A2. l A, and A2 .1 B. These give the daily 

total number of eggs laid, and the rreans of the percentages of eggs laid 

daily by each m::rth respectively, and they shew that both reached a peak 

an the thiro night befOI"c dropping off rapidly: ubout 50% of the eggs 

were laid within t'1e first three days, and about sm, within the first 

8 days. 

In contrast ti--ie 10 virgID fe..-rnales examined only laid a total of 

13 eggs between 4 and 2 3 days after they energed from pupae (~an = 
10 days; S.D. = 4.9 days). 

The diel pattern of ovipositian for P. operauZeUa is sham in 

Figure A2. • 2 • The eggs which were laid on the organdie of the observatioo 

chamber, instead of on the blotting paper, are not included, because they 

could not be counted until the apparatus was dismantled .:i.t tJ:1e end of 

each experiment. They amounted to 13 .06% of the total rn.1rober of eggs 

laid. 
It is apparent from Figure A2 .2 that moot of the eggs (98%) 

were laid during the night, and that during this period the pattern of 

oviposition shewed considerable variability. Nevertheless, there was a 

general tendency far more eggs to be laid earlier in the night than 

later since aJmast 80% were laid in the first half of the night. 

Hc:wever it w.:i.s concluded that the diel pa.ttern of ovipcsition was not a , 
suitable indicatat:' of whet°"ler photogriaphy of the moths at ni&rt 

interfered with their behaviour patterns. 

Discussion 

The numbers of eggs laid by P. operauZeZZa during the present 

investigation compares well with reports of other workers. Thus Finney 

et at. (1947) noted t'1at ti'l.is insect lays between 80 and 200 eggs, and 
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Erratum 
Figure Kl..l 

(Note; FiguX'e A2u 2 is on page 423.) 

The daily oviposition rate of P. opercuZ.eUa 

This figure sh.cws the numbers of eggs laid per day by 

each of 31 female moths together with the total numbers of eggs 

laid per day arrl two analyses of this egg laying behavioor: the 

iooans of the :percentage of total number of eggs laid per day by 

each moth, and the mean percentage of eggs laid l>y each moth 

during each day of its ovipositian period. 
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Harwalkar, Khaine, and Rai'lalkur ( 19 71) re:i::orted that they laid m the 

average fran 76.2 to 148.1 egss when kept at 2s0 c u.nd fed 109., sucrose in 

water. Broalryk (1971) noted that at 21°c P. operculeUa laid an 

average of 71.5 eggs, with a range Oto 232 eggs. He also determined 

their fecundity at 6 different temperatlll'.'es between 11°c and 39°c, and 

found that the (7'eatest numbers were laid at 21 °c, whilst an average of 

2. 7 eggs per female were laid at 11°c und none were laid at 39°c. 

Finally, it can also be noted that Fi.rmey et aZ..,(1947) found ·that most 

of the eggs were laid within the first three days of adult life (at 

26. 7°C), and this indicates a similar behavioural pattern to that 

observed in the present investieatian. 

It is of interest that in the present investigation, virgin 
fenules laid few eggs and that their preoviposi tion pericx:1s were 

relatively lcng, whereas females kept with males lru.d moot of their ew 

early in their adult lives and their preovipositian pericx:ls were usually 

less than 2 days. This suggests that the stimulus far egg laying is 

associated with copulation or the transfer of a spermatophore, such as 

occurs in other l.Bpidoptera. (Outram, 197.Ll:, and references therein). 

Consequently it follcws that most male and female P. opercuZeZZa must 

therefore be able to rrute within their first or second days after 

eIIBrging from pupae ( Chapter 8 ) . 

The diel pattern of oviposition far P. operculeZZ.a has only 

been previously determined by Brocx:lryk ( 1971) who kept the moths at 

25.5°c und subjected the.-r:i to a photopcrio::l of 14 hours of light to 10 

hours of dar>kness. His results ill'B similar to those of the present 

investigation except that he obtained a. more pronmmc-ed i;::eak of ovi­

:r:osi tion at the beginning of the ni£1).t (cibout 80% of the eggs wer>e laid 

in the first two hours of dmkness) and no eggs were laid dUT'ing the last 

two ha.irs of darkness or in li£11t ( 1000 lux) . Brocx:lryk ( 19 71) also found 

that light intensities between 500 and 1000 lux progressively inhibited 

egg laying whereas la,., light intensities ( 5-8 lux) or darkness did not 

interfer with ovipcsition. This finding, thereforB, api;::ears to account 

far> the lcw proportion of eggs laid in the light durine the present 

investigation since the moths were only subjected to about 150 lux 

during the light periods . It would, hcwever, be interesting to determine 

if high light intensities are totally inhiL.:i.tory or whether it can be 

overridden by other stimuli such as changes in temperature as reported 



4-27. 

for Cadra aauteZZa (Walker) by Ha~rt:rum and Tomblin (1973). Certainly 

mating behavia.ir in P. ope:rcul,el,l,a is influenced by t~ature changes 

(Chapter 8) and so it would be especially interesting to examine this J.n 

respect to ovipositicn. 



DATE 

18/11/71 

20/11/71 

27/11/71 

APPENDIX 2 .1 

Nurnba-s cf beetles caught in traps contain.i...'1g 50µ1 samples of 6 g/ 1 
J;henol solution, blanks as empty cages, arri live er 9:1uashe::i beetles. 

BLANK SAMPLES MALE SAMPU:S FD1ALE SAMPLES FHENOL SAMPLES 

2 live v:irgin beetles per trap, 9 to 15 days old 

'lRAP POSITION G J M 0 s E H L N F I K p 

Ma.le catc.i"l 7 6 1 2 8 6 4 6 9 5 16 8 6 
Female catch 1 0 0 1 0 1 1 0 2 0 2 0 1 

1 squasha:i virgin beetle per trap, 9 to 15 days okl 

TRAP POSITION E E K N Q F J L p R G I M 0 s 

Male catch 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 
Female catch 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 

. 
10 live beetles per trap, collecte:i on i:revioos even.ing 

'IRAP POSITION E I M s H J Q R F L N p G K 0 

Male catch I 10 11 3 8 4 5 4 8 r· 2 4 4 16 19 11 0 

Female catch 0 2 1 0 0 0 l 0 2 0 0 0 2 1 2 

.i,,,. 
rv 
en . 



DATE 

29/11/71 

30/11/71 

1/12/71 

APPENDIX 2 • 2 

Number's of beetles caught in sticky traps containing either 50 µl of 6 g/1 
phenol er drierl samples or diethyl ether blanks of diethyl ether extracts 
of whole beetles. 

SAMPLE PER TRAP 50.11 of 6 g/1 ffiENOL DEI'IlffT..., ETHER EXTRACT EQUIV. TO 
L\l WATER 4 MALE BEETLES 

TRAP POSITION E L s H K M p F I N Q 

MALE CATCH 4 12 0 3 4 0 2 2 2 1 3 
FEMALE CATCH 0 0 0 0 0 0 0 1 0 0 0 

SAMPLE PER TRA.P 50.11 of 6 g/ 1 IBlliOL DIL1HYL ETHER EXTRACT F.QUIV. TO 
IN WATER 10 MALE BEETLES 

TRAP PCSITION E L s H K M p F I N Q 

MALE CATCH 10 14 2 0 6 1 2 3 6 1 0 
FD1ALE C'.AiCH 0 2 1 0 0 0 0 1 2 0 0 

TPAP POSITICN H M Q R s G I L p E J 0 

MALE CATCJi 8 3 2 4 1 1 0 0 1 4 0 0 
FF.AMLE CATCH 2 0 0 0 0 0 0 0 0 1 0 0 

EXTRACT f.QUIV. TO 
4 FEMALE BEETLES 

G J 0 R 

3 1 1 3 
1 0 0 0 

EXTRACT EQJIV. TO 
10 Fil1ALE BEE'ILES 

G J 0 R 

11 2 9 1 
0 0 0 1 

I K N 

1 2 3 
0 2 0 

~ 
N 
\.D . 



DA.TE 

23/11/72 

24/11/72 

27/11/72 

28/11/72 

APPENDIX 2 • 3 

Number of beetles caught in sticky "traps containing drie::l samples of c.~larofcrm 
blanJr--s er chlcrofcrm extract of whole beetles. 

SAMPLE PER TRAP GiLOR0F0RM BlA~K EXI'RACVf EQUIVALErIT TO EXTRACT EQUIVALENT TO 
10 MALE BEETLES 10 F1]1ALE BEETLES 

TRAP POSITION A D G J M p s w z C F I L 0 R u y B E H K N Q T X 

MALE CATrn 3 1 6 4 2 7 7 0 4 3 0 6 1 9 2 3 3 7 4 6 6 1 1 5 3 
FEMALE CATrn 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

TRAP POSITICN A D G J M p s w z B E H K N Q T X C F I L O R U y 

MALE CATCH 4 0 2 6 6 4 3 6 4 8 0 2 3 4 1 8 2 11 7 9 4 1118 13 8 
FF.AHLE CATCH 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 

TRAP PCSITICN C F I L O R U y B E H K N Q T X A D G J M p s w 

MALE CATCH 3 0 0 2 3 4 9 2 6 2 7 3 1 0 8 2 4 1 4 14 24 4 5 2 
FD1ALE CATrn 0 0 1 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 

'IRAP POSITION A D G J M p s w C F I L O R U y B E H K N Q T X 

MA.LE CATCH 4 1 4 0 3 1 4 1 11 9 15 2 8 2 7 8 11 0 5 14 1 4 4 2 
FD1ALE CATOi 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 

.p,. 
\.>I 
0 



29/10/71 
6/11/71 
8 /11/71 
9 /11/71 
11/11/71 
12/11/71 
13/11/71 
14/11/71 
15/11/71 
16/11/71 
18/11/71 
20/11/71 
21/11/71 
22/11/71 
23/11/71 
2 4/11/71 
27/11/71 
2 8/11/71 
2 9/11/71 
30/11/71 
3/12/71 

27/10/72 
29/10/72 
3 0/10/72 
31/10/72 
1/11/72 
5/11/72 

6 /11/72 
7/11/72 
10/11/72 
14/11/72 
15/11/72 
16/11/72 
21/11/72 
22/11/72 
23/11/72 
2t1i:/11/72 
2 7/ll/72 
28/11/72 
3/12/72 
4 /12/72 
7 /12/72 

APPENDIX 2 • 4 

~e. times of the evening flight peria:ls of c. zea"landiJa 
r..ll.Ir'J.n¥ 1971 ~~ ~972 together- with the air tempe,r,at\Jr'es an:l 
relative humidities befcre, dur'ing,an:i after the flights. 

Time of flight Befcre flight D..tring flight After flight 
(l) bO 
j.~ bl) +-' ~ p >. 

f.b +-' +-' (l) >, 
aj -~ Q) ·r-i Q) •r-i OJ 

.8 ~ ·r-i ::, 

~ l ~ ~ ~ 
(l) >, 

rl cg ..c: rl rl '-H • ] t-a 3: ~...J 4---4 

.1] 
• (l) OJ ttl ..c: Q) 

~ Q) 

i rl > :>( (l)] -~ -~ -~ 
aj ~ 

O..Q 0.. . 
l 

. 
&_.µ 8: E-t ! rl E-t r-1 E-t 

OJ Q) 

§-8 n.. U) 0 ~~ c::i:: ~ E-t -<rs,+' 
~ rn 

1900 1920 20 1850 11 1910 10.8 1920 10.5 
1907 1936 29 1928 15.5 100% 
1910 1945 35 1923 15 1945 13 
1911 1932 21 1902 17 83% 1918 16 90% 
1914 1940 26 1906 15.5 95% 
1914 1938 24 1902 15 100% 
1909 1938 29 1906 16.5 95% 1945 15.5 
1915 1941 26 1904 14.5 95% 1945 13 
1912 1942 30 1912 15.5 80% 
1918 1945 27 1918 J.7.5 80% 1957 15 
1918 1945 27 1913 14 95% 1952 13.5 
1927 1951 24 1912 14 95% 1956 11.5 
1928 1950 22 1947 14.5 100% 
1927 1952 25 1950 16. 25 90% 
1931 1955 24 1920 12. 75 94% 2000 11.75 
1924 1952 28 1915 14.5 95% 1956 13 
1930 2000 30 1943 12 95% 2010 10. 75 
1934 2(00 26 1940 11.5 • 80% 2000 10.6 
1935 2007 32 1940 15.4 70% 
1936 1956 20 1943 13 90% 
1946 2010 24 1946 17.3 96% 2045 17 

1900 1918 18 1900 20.4 1900 20.4 
1854 1918 24 1922 20. 5 
1906 1922 16 1859 17 1956 13 
1905 1925 20 1855 15.6 1915 14.8 
1900 1925 25 1855 17 1930 16 
1902 1935 33 1900 20.3 1922 18.3 
1904 1932 28 1856 20.3 1920 20 1940 17.6 
1905 1946 35 
1913 1940 27 1926 20. 25 
1913 1940 27 1929 18 1952 18.6 
1909 1942 33 1938 17.3 
1912 1940 28 1922 17.8 1951 16.8 
1918 1957 39 
1921 1950 29 1948 17 
1926 2004 38 1945 13.5 
1929 1959 30 2005 9.6 
1924 2004 40 1900 18.5 1947 16.9 
1931 2007 36 1945 16.3 
1944 2009 25 1944 12.5 2000 12.2 
1935 2008 33 1922 12.7 1956 10.3 
1942 2006 24 1924 14.5 1958 13.l 

431. 

~ 
·r-1 

1 ..c: . 
rl 
(l) 
~ 

100% 
90% 

100% 
79% 

100% 

90% 
94% 
86% 
93% 

95% 



APPDIDIX '2 .5 

Mean catches of rrale beetles fran sticky traps at different positions on the hooge 
e)q)ressed as percentages of the mean catches of rrales on top of the south side of 
the hedge. 

lrn'IHIBN SIDE CTi1 HEOOE S0l1IHERN SIDE OF HEDGE 

I HEIGHI' OF 'IRAPS 2m 1m 0.15m 2m 1m 

DATE Sample cone: 
g/1 Prenol. 6 0 6 0 6 0 6 0 6 0 

21-11-71 c0.77 7.18 100.00 7.18 

22-11-71 102.78 5.56 o.oo 100.00 44.44 o.oo 

0.25m 

6 0 

o.oo 
o.oo 

23-11-71 1€0.00 o.oo eo.oo o.oo o.oo o.oo 100.00 uo.oo a.co o.oo o.oo lK).00 

24-11-71 26.86 8.95 o.oo 6.72 o.oo 2.24 100.00 27.98 0.00 2.24 0.00 

4'>-
1...>l 
N 



APPENDIX 2. 6 

Mean catches of ferrale beetles from stick-J traps at different positicns on the hedge 
expressed as percentages of the mean catches of nales on top of the south side of 
the hedge. 

NORrHERN SIDE CF HEOOE SOUI'HERN SIDE OF HEDGE 

fooGHT OF IBAPS 2m 1m 0.25n 2m 1rn 0.25m 

DATE Sant:>le cone: 
g/1 Phenol. 6 0 6 0 6 0 6 0 6 0 6 0 

21-11-71 7.18 o.oo 17.79 0.00 o.oo 
22-11-71 2.78 o.oo 2.78 11.11 5.56 o.oo o.oo 
23-11-,1 o.oo o.oo o.oo o.oo o.oo o.oo 20.00 ;D.00 0.00 0.00 0.00 2J.OO 

24-11-71 6.72 2.24 o.oo o.oo 2.24 o.oo 4.48 4.48 o.oo o.oo o.oo 

-+:>­
\..N 
Vl . 



APPDIDIX 2.7 

N..nnbe:'s of nal.e an:i female beetles caught in sticky traps at differ'errt p:,sitions on the he:lge. 
The traps containe:i 50 µl samples of water' er 6 g/1 phen)l. 

NORTI-IIBN SIDE OF HIJX;E SOlJIHIBN SIDE or HEIGE 

HEIGHT OF 'IBAPS 2r:l lm 0.25m 2m 1m o. 25m 

DATE SAMPLE; g/lPHENOL 6 0 6 0 16 0 6 0 6 0 G 

21/11/71 1RAP POSITION l't NJ NN fJF Nr NM E H K r, J H F I ,:::, 

I 

MA.LE CATCH 14 1 2 0 1 1 14 7 7 0 l 1 0 0 
FIMALE CATCH 2 0 0 0 0 0 2 3 0 0 0 0 0 0 

2z.'ll/71 TRAP POSITION NN Nr l'Jc; NJ N t1 F 'M I 0 F M N H K J M 

MALE CATCH 24 13 1 1 0 0 2115 8 8 0 0 0 0 0 
FEMALE CATOI 0 1 0 0 1 0 1 3 0 2 0 0 0 0 0 

23/11/71 TRAP POSITION NI NN NJ NG ~ ~ N F L I K H J M 

MALE CATCH 8 0 4 0 0 0 7 3 6 5 0 0 0 0 
FlYiALE CATCH 0 0 0 0 0 0 0 2 1 2 0 0 0 0 

24/11/71 '!RAP POSITION N N Nr ~ NJ ~1 Nr H 0 L N F H K 

MALE CATCH 12 4 0 3 0 l 52 28 9-t 6 14 0 7 
.J_ 

FWiALE CATCH 3 1 0 0 1 0 2 0 4 2 2 0 0 

/o 
M 

0 
0 

lo 
2 
1 

J 

0 
0 

M 

0 
0 

+"­
vl 
~ . 



APPENDIX 2 • 8 -
Mean catches of rrale beetles from sticky traps at different positions in the field 
expressed as percentages of the rr:ean catches of nales on top of the hedge. 

DISTANCE FROM HEroE Om o.sm 1.5m 3In 6.5m lQn 

Sfu\1PIE ca-re: g/ 1 PHENOL. 6 0 6 0 6 0 6 0 G 0 6 0 6 

DATE HEIG!Il1 OF 
'IBAPS 

12-11-71 2m 100 11.1 3.2 
0.25m 17.5 B3.3 

13-11-71 2m 100 13.1 0 
0 .2'.;m 6.6 8.2 

14-11-71 2m 100 0 3.1 
0.2'.;m 6.3 6.3 

3o-10-72 4m 0 0 
2m 100 7. 7 7.7 O 7.7 O 
0.25 38.5 O e3.7 o 

31-10-72 4m 2.1 26 
2m 100 13.4 17.6 1.0 1.0 0 
0.25m 26.9 2.1 55 .2 1.0 

6-11-72 2m 100 13 26 3.9 0 0 2.6 

20m 

0 

2.6 
0.2:m 26 0 15.6 2.6 29.9 5.2 

10-ll-72 2m 100 34.6 4.o 2.1 0.7 O 0.7 1.3 
0.25m 5.4 O 4.0 0 4. 7 1.3 

..i,:.. 
V. 
\Jl . 



APPDmrx 2 .9 

Mean catches of fenru.e beetles from sticky traps at different positions in the field 
expressed as percentages of the :rrean catches of nnles on top of the hedge. 

DISTANCE FROM HELGE Om 0,5m 1.5m 3m 6.5m 10m 20m 

s.o.MPIE CCl'JC: g/ 1 PHFNOL, 6 0 6 0 6 0 6 0 6 0 6 0 6 

DATE HEIGh'T 
OF 'JRAPS 

12-11-71 2m 7,9 9.5 3.2 
0.25m 6.3 4.6 

13-11-71 2m 8.2 6.6 3.3 
0.25m 3.3 1.6 

14-ll-71 2m 3.1 0 3.1 
0.25m 0 0 

30-10-72 4m 0 0 
2m 0 0 0 0 7.7 0 
0.2:m 0 0 0 0 

31-10-72 4m 0 0 
2m 1.4 0 1.0 0 0 0 
0.25n 0 0 1.0 0 1.0 0 

6-11-72 2m 6.5 1.3 ll.9 2.6 0 0 0 0 
0,25n 1.30 0 1.3 1.3 0 

10-11-72 2m 2.4 0.9 0 1.3 0 0 0 0 
0.2:m 0 0 0.7 O 0 1.3 

0 

+>­
vl 
O"I 



Do\TE 

lJ-ll-n 

l}-U-n 

111-ll-n 

:,0-10-72 

31-10-72 

6-ll-72 

10-ll-72 

Appendix 2.10 

Nu,t,en, or :inlo arc !\:::ule t.<-< t 1.c 
1n tho fiolct. n,,, trui,.. cui~,.j ~"f'\1n.aticlcy tr-..ipo nt dirr~ttnt ;:,ooitiana 

,. o e1U1Cr wut.er m- G l),/1 i,tlCrol aolut.iCl'i. 

DI.,'"D\Jcr 1-1,a~ i= au !c 'A lOri 10. 
HE·.::IGJ rr Al'I..J,~;:;. GHCl..J?U 2m 2m 0.2'.'<, 2m 0.2"_,r:, 
'IRAf' iu;mw .;, 'i1 3J ' 3ii 3J Sp 5ii E 0 ! -'P SJ Sp 5ii SJ 
SAK'U-; co,::: 

6 6 6 g/1 f'li;J;(L 6 6 6 6 6 6 6 6 6 6 6 6 

.-ii.le ·catch 17 111 32 2 2 3 l s s l 0 l 8 4 9 
F""'11.e catch l l 3 l 3 2 0 3 l 1 0 l 2 0 l 

DISrAJo;;1t:.r-1HUX;c; On l.Sm l.Sm 6.Sm 6.s,,, 
111:::rrar AJ.>Hi. c:u:uID 2m 2lll 0.2".)Cl 2m 0.25a, 

'DlAP ro:;rrroo E 0 I 2y ¾ 2J 2y 2i1 2J "i, \ 4J \ 1\i ~J 

SAMPIE ca ;c: 
6 6 6 g/1 P11D;a. 6 6 6 6 6 6 6 6 6 6 6 6 

"11.e cntch 19 l5 27 7 l 0 3 0 l 0 0 0 3 l l 
f,,r.n le catch 2 0 3 2 2 0 1 0 l 0 0 2 l 0 0 

DI3TS.:ICE rn::n f= Qu 6,5a: 6,Sm 2()a 2Qo 

HEIQ rr Al O .'S GHOOW 2!:, 2m o.;,s,-, 2m 0.25m 

IRAP PClSITICN E a I "P \ 4J "F "H 4J ~ 6H 6J 6,, 611 6J 

SAMPI£ CUC: 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 g/l P11c.:;a.. 

1-tue catc.'1 lO 10 12 0 0 0 l 0 l l 0 0 l l 0 
!'male cnt.ch l 0 0 0 0 0 0 0 0 0 l 0 0 0 0 

DI.SD.Na: ffiGI l!ED'.lE Cb Cm :lm )o la. 

~ICHT £'OI':'. G~ID 2m 4., a, 0.25m 2m 

SAl-l<'LE cmc: 6 6 6 0 0 6 6 0 0 6 6 0 0 6 6 0 0 6 6 0 0 g/1 PliElU 

'DW' POSITICN H L N I" J I fl 0 K .;, 3J 3ii 3t :l'i1 3i. .;, 3J 5i! SL Sp SJ 

Pille catch ll 2 0 0 l 0 0 0 0 l 0 0 0 3 2 0 0 l 0 0 0 

Pem1" catch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 0 0 

DISTAi-Le Fl0'1 f!!Il.E au On )u Jill 10. 

HLI.GHI'AIJJl/';!.GROJI/D 2m Ila, 2m 0.25m 2m 

SAMPlF. CC?IC: 6 6 6 0 0 6 6 0 0 6 6 0 0 6 6 0 0 6 6 0 0 £,'l l'l!IBCL 

'IRAP l'CSITICN H L N I> J I M 0 It 1' 3J 3ii 3i. 3ii 3i. .;, 3J 5r,c SL Sp SJ 

11,le catch lj() 66 35 1 12 5 4 l l 8 9 0 l 20 6 2 0 0 1 0 0 

l'emle catch 0 2 0 0 0 0 0 0 0 l 0 0 0 1 0 0 0 0 0 0 0 

DISD\NCE rnrn = CQ 0.51:i o.s,:, 6.5m 6.5m .2Qn 

nuc:!!r FilCM C4\CJ.r.ill 2m 2m 0.25m 2m 0.25m 2m 

SAMPLE enc, 6 6 0 0 6 6 0 0 6 6 
g/1 FllENOL 

o· 6 6 0 6 6 0 0 6 6 0 

TRAP KC.I'.I'ICJI a K E I 1i,lJ1,llL 1' 1J lit "i, 4J 4H \, 4J ~ 4L \, 4J "ii 
tale catch 32 43 l 9 11 9 0 3 6 14 0 0 0 0 12 0 l l 2 0 l 
Femi.le <>atch 2 3 0 l 5 4 1 l 0 l 0 0 0 0 l 0 l 0 0 0 0 

DISl'AIICE Fl«.11 l!lllIB Ch v;m 1.5m 6.5m 6.5m 10:l 

HEIGfll' F1«.11 c.m:x.1m 2m 2m 0.2~ 2m 0.25r.> 2m 

SN-!PIE o:tlC: 6 L 6 6 0 0 0 6 6 0 G G 0 G 6 0 G 6 0 6 6 
g/1 l'l~KL 

1a. 

0.2':in 

6 6 0 0 

50 SJ 5iJ 5L 

3 0 0 0 

0 0 0 0 

lOn 

0.25m 

6 6 0 0 

Sp 5J 5iJ 5L 

20 14 0 l 
0 l 0 0 

20\1 

0.25,r.i 

6 6 0 0 

'lp 4J "ii\ 
13 10 2 2 
0 l 0 0 

10:l 

0.2Srn 

0 6 6 0 

'1RAP l'CGITIOI 
G I K L E I! J 2i, 2J 2tt 2i, 2J 2ii 'P ~J '\i "P 11J '\1 "F qJ '\1 ~ qJ "ii 

1'b..le cntch 67 00 70 72 ~) 24 lU 5 l 2 2 7 0 l 0 0 2 5 0 0 l l ) '• l 

Fennle catch 0 3 2 2 l l 0 0 0 l 0 0 0 0 0 0 1 0 0 0 0 0 0 0 l 

437. 



Selection of t:..].t.S. 

1971, Te.mper-1ture wi'th: 

1972, Te111per-atur• with: 

1972 I Wind ■ peo!:d with: 

Selection of Dato 

1971, Temperature with: 

1972, TeW1pcratur• with: 

1972, Wind-epeed with: 

2.11 

lelntionch!.p, betwe!":i th('! r,urr.hli"~ of·r.--<'111! beetle.a 
<:r11.p;ied a:-.:~ the .ivc!"'.a;,e t~~pe,·,!turc "'n-1 ,,:ind sp-eed 
C.uring thl'! !lir,h\ pe,rior!s. Li.ch tra;.:- vith S0"Ul 
o! ei~hr=r '-'ater or t in. pt-.cnol sol!.!.:ion. ~lind 
■ peeds in !!:/min, and tcr..rer-aturcs Jn C. 

A, Conetante of 1 lni!ar req1:re5sions rt!lat.\ng the: JH.1in~r1:1 r,f 111.s.lel cAught N to 
the tirmparatur-t! i or the 1,.-ind speed W, usir,& the equ4tion ■ 

N' a :1 + fl,T And N a « ♦ 8W 

Phcr,Cll Rer.re ss ion St.al"ld&rd t Conat•nt Correlation 
c:.-n~. Coefficient error of V4lu11 Coefficient 
1/ l C 8 u ' 

all c! ... y, g 2.691••·· .7Sl l. S9 -75. s, ... is••· 
-r.oi::iy d~ya ! 2.591••· • 7!.3 3 ·"'" -23.'-9 . 1109••· 
all day a 0 .1ss• . 2S7_ 2. 9'-1 -6. • 8 • J sa• •• 
-rainy day■ 0 ~ 6 5 3 • • 2~" 7. SJ -•. 3S . JJa••• 

all dayo 6 &.i.tto•• 2. 3S 2. '" -Sl.67 . 361•• 
-27/10 6 a. s1i.••• 2. 36 J • 6 7 -ICJ.Sl . "76••· 
-27/10, rainy '1ay ■ 6 9.~714**'• 2. Sil S 3. 76 -99. si,, .Sl£•U1 
•11 d.aya 0 .-.:11 • 21.i 6 1. 7ll -1.085 . 2 00 
-27/10 0 • 619• .260 2 ·"' 2 -3. 69 • 28 2• 
-27/10. roiny days 0 • l.i70 . 2 5111 LBS -l.63 • 2L! 2• 

•11 d&ya 6 -.127 • 08 03 -1.SI 57.72 -.no 
-27/10 6 -.108 • .0770 -1. 140 60.11 - .186 
-27/10, rainy day1 6 - . 2 01• • 0907 -2.28 68. 89 -. 359u1 
all d.:i.ys 0 -.018D .0100 -1. 80 6. 68 -. 1.07 
-27/10 0 -.OH7 .0111 -L146 6.11 - .187 
-27/10, rainy day ■ 0 -. 0083 . 0098 -.BSO 5.11 -.11' 

B. Constanta ot line:a.r regressions r~lating t-he nui=:ibers of males caught M 
to the tev-p-eraturoP. T or th<! wind speed w, usin1 the transfo["ll'l.ltiona 

Los (M + l) • a. + ST and Log (N + l) • a. + 8W 

Phenol Rer.ression Stand.srd t Conl'i.tlint Corrcl,..tion 
cone .. Coc!ficient error o! Value Coefficient 
g/l a a m t 

all ""'Y• 
s .os5s• .028S 2. 31 • 028 . 2a1• 

-rainy days 6 • 0596• .0272 7.19 . lSl • 275* 

oll daya 0 • 06lf9 11 • • Q2t,i2 2.60 -. 356 . 329••· 

-rainy d,1_ys 0 . os11• .0213 2. 41 -. 073 .319** 

•ll ddya a .0673 11 . 027 3 2 • "' 
. 219 • no•• 

-27/10 6 . l ltt • • • . 020"' s. s• -.1127 .6J6**4 

-27/10, :t'diny days 6 .118 • •• . 0198 S.96 -. ltti6 .ssou• 

all days 0 • 00~2 .168 .019 .HJ .020 

-27/10 0 • 0202 .180 • 00lf • Jltlt .17S 
-27 /10 I rainy d.sye 0 .0125 .139 .090 .lflil8 .121 

all day• 6 -.001,12••· .00077 -5. ss l.63 -.s1311111e 

-27/10 6 -.oo:nu•• . 00061& -S.75 l.69 - .6145* 11 * 

-27 /10, rainy days 6 ... 00JS••• .00063 -S. 76 l.70 -.676*** 

all days 0 -,0008 , 00014 3 -1. 86 . 6 6 9 - .177 

-27 /10 0 - . 0006 .ooose -1.0• . 6 87 -~. l 18 

-27 /lQ I rainy da.y!I C -.0003 .coos, -.57S , 6 1•7 - • 066 

Number of 
Observat.ior.s 

6• 
61 
61 
S3 

S2 
•• 
•1 ,, 
70 
SJ 

S2 

•• 
•l 
7S 
71 
SB 

Wum!>er o( 
Observation■ 

&• 
61 
Sl 
53 

S2 
•a 
•1 
7' 
70 
57 

S2 

•• 
•1 
75 
71 
u 



Selection of D•ta• 

.u days 

-27/10 

•27/10,and rainy day!l 

Appendix 2.11 continued 

Ralationeh1ps between the number of rl.'llc beetles 
trapped .and the c\Verar,c tur.p~r4turc and wind speed 
during the !lh,ht pcriod!l. ta.ch trap with SOul 
o! ei'l';her "'atcr or 6 g/l phenol solution. Wind 
apeeds in ll/c:d.n, and temperatures in c. 

D, Conste.nta of nonparasnetric regression methods ahoving 
the.degree of association between the numbers of males caught 
K, vi th the tcmrcraturc T or the wind a peed W, ua1ng 
aoditie:ations of Kendall'• 't coefficient ot r&nlc 
cor-re 1 at ion. 

Phenol Hoditication s cone. Variable ■ ot s ---
Select ion of data g/1 Kiethod ,v.,=rn-

1971 

1971 

1172 

1972 

1972 

1972 

1973 

C. 

Variable 

Temperature 

Wind speed 

Temp4?rature 

Wind !lpeed 

Te!T,;,erature 

Wind speed 

ell da)"t 6 N,T Burr .,, 2 .sag•• 

•ll c!aya 0 H,T Burr 339 2.632•• 

-27 /10 ' N,T Sillitto .. , 2.102• 

-27/10,rainy dayll 6 H,T Sillitto 215 3. 91-.••· 

-27/10 a W,T Sillitto 361 3.620••· 

-27 /10 ,rainy dAyl ' W,T Sillitto lJ.3 2.191•• 

all days 0 N,T Burr 2" .173 

Constanta ot r.,ultiple regressicn1 relating numbers or male• caught N 
in tr,ps baited with 6 g/ l phenol N, td tempera -cure T and 
wind speed W for 1972 using the transfonn.ation 

Lo& (M ♦ 1) ■ o • 81T + SaW 

Regrcs::.ion Standard t 
Partial Coefficient 

Coefficient error of Correl.at ion Constant or 
Regres5ion Value Coefficient (o) Oeterminat-
Coefficient ion 

, OJ l 0 . 0139 l. JOO 0 .183 
l. 0850 • 397 

-. n0Ja3•,u . 0007 92 -'4. 835 -0. 568*** 

. 0811 • * • . 0185 '4 .'407 0,5'19**• 
0 . 271i19 .sn 

-. on1sa••• • 000590 -14. S'-'i. -0.S&l*** 

, 08 6 7 * • * , 0170 S.117 .639*** 
.678 0. 2271 

.002s1••• .000526 -". 880 -.621••· 
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Hul tip le r 
Correl at ion Test Coefficient 

• &JO 15.llO 

, 769 32,602 

.12 l -.o. os-. 



Appen:lix 2 .13 

Preliminary identification of bacteria in the gut and accessory 
glands of the female C. zealandioa 

(Carried rut by Miss N.R.C. Davis) 

Gram negative reds: probably Yersinia pseudotu.beroulosis 

Oxidase negative H2S negative 
catalase positive indole negative 
irotility positive KCN negative 
glllcose acid no gas lysine negative 
SUCI'OSe negative phenylalanine negative 
lactcse negative raffincse negative 
ONPG i;x:.sitive rhamr1ooe pcsitive 
mannitol i;x:.sitive salicin doubtful 
manncse pcsitive trehalose p::)Sitive 
m3.ltcse pooitive urea pcsitive 
aesulin positive xylcse positive 
arabinooe pooitive Voges Prookaur negative 
cellobicse positive phanylalanine 

deamination negative 
citrate negative nitrate positive 

Gram negative coccobacilli: Acinetobacte1• species 

non-m::>tile; oxidative; in:lole negative; nitrate negative 

Gram negative coccobacilli: Enterobaote1• species 

Staphyl,ooooaus species and Miarocooc:us species 

Coagulose regative 

440. 



Appendix 2. 14 

ll.mlbers of P. opercul.aZZ.a attracted to female r.ioths in sticlcy trai;s at varia.is 

times dUJ:'ing the day. 

Numbers of mths caJ.Jg)lt 

Date Ti.me Temp. 0 c Each trap baited with 7 blank tra,s 
min. max. virgin females 

17/2/72 1600 11 18.5 0 0 0 0 0 0 0 0 0 
1800 9 11 0 0 0 0 0 0 0 0 0 

Numbers of moths caught 1900 9 12 0 0 0 0 0 0 0 0 0 
Date Time Temp. oc Each trap baited with 3 blank trap; 2000 9 10 0 0 0 0 0 0 0 0 0 min. max. virgin females 

2200 10 11 0 0 0 0 0 0 0 0 0 24/2/73 1835 19 21 0 0 0 0 0 0 0 0 0 2400 7 10.5 0 0 0 0 0 0 0 0 0 1935 15 19 l 0 0 0 29 38 0 0 0 18/4/72 0200 a.s 10 0 o· 0 0 0 l 0 0 0 2035 
11 15 0 0 0 0 l 6 0 0 0 0400 9.5 10 0 0 0 0 0 0 0 0 0 2135 10.5 11 0 0 0 0 0 0 0 0 0 OGOO 9 10 0 0 0 0 1 0 0 0 0 2305 
11 14 0 0 0 0 0 l 0 0 0 oaoo 9 22 5 0 0 0 0 0 0 0 0 25/2/73 2435 ll 0 0 0 0 0 l 0 0 0 8 1300 

0435 7 8 0 0 0 0 0 l 0 0 0 
20/4/72 1300 s 0 l 0 22 11. 0 0 0 0645 

7 19.5 0 0 0 0 0 0 0 0 0 18 25 
1330 0 0 0 0 0 l 0 0 0 0835 

19.5 31 0 0 0 0 0 0 0 0 0 18 26 
21/4/72 0130 0 0 0 0 0 l 0 0 0 1235 30 31 l 0 0 0 l 0 0 0 0 17 23 

0330 18 0 0 0 0 0 0 0 0 0 1605 
21 30 0 0 0 0 0 0 0 0 0 u 

0530 
12 0 0 l 0 l 0 0 0 0 1835 17 21 0 0 0 0 0 6 0 0 0 8 

0730 7 9 0 0 0 0 0 0 0 0 0 1925 
12.5 17 0 0 0 0 10 13 0 0 0 

0930 
7 10 0 0 0 0 0 0 0 0 0 2110 0 0 0 0 6 l 0 0 0 

1130 10.5 2 0 l 0 15 0 0 0 0 26/2/73 0830 9 
1530 7,5 11 0 0 l 0 0 0 0 0 0 

27/2/79 1800 18 22,5 0 0 0 0 0 0 0 0 0 1730 4.5 10 0 0 0 0 0 0 0 0 0 
1930 10 14,5 40 0 9 2 41 so 0 0 0 

1935 
14.5 18 5 32 4 3 38 15 0 0 0 

2030 14 14,5 0 0 0 16 2 0 0 0 0 2030 14,5 26 2 0 5 s l 3 0 0 0 
2330 2045 

13 14 0 10 0 1 0 2 0 0 0 
2130 

13 14 0 0 0 0 0 0 0 0 0 
2230 7,5 14 0 0 2 0 0 0 1 0 0 

28/2/73 0430 9 ll 2 1 0 0 0 0 0 l l 
0600 

11 21 0 0 0 0 0 0 0 0 0 
0900 

21 31 0 0 0 0 0 0 0 0 0 
1300 19 37 0 0 0 0 0 0 0 0 0 
1700 17 34 0 0 0 0 0 0 0 0 0 
1920 12 17 10 7 7 0 32 31 l 0 0 ..,.. 
2100 

0 0 0 0 l l 0 0 0 
_.,.. 

7 12 ..... 
2300 

0 0 0 0 2 0 0 0 . 3,5 17 0 
29/2/72 0800 



Appendix 2.15 

Relationship between the nl.Jiilier,s of males resporrling in the 
bioassay arrl the amount of female extract. 

(/) 

~i Pericent response of male mths 

~~ 
Q) 

~1:: 
0 Q) 

+-'§ ~ Q) Q) Q) Q) 
rl 

~ 
rl 1 rl 

~ 
rl ·g l J ~ t iar rl rl rd ,-! co co C/) ro Cl) 

0.6 75 0 70 0 90 0 55 

0.12 58.3 0 57.1 0 33.3 0 11.8 

0.12 25 0 50 0 50 0 79 

0.06 45 0 30 0 45 0 10 

0.06 20 s 40 0 65 0 30 

,'d: Significantly different at P < .01 
1:*i': Significantly dif fer-ent at P < .001 

Q) 

~ 
rl 
0.. 

~ co (/) 

10 75 

0 93.3 

0 56 

0 1S 

0 45 

i 
Q) 

,-! 

J ~ 
~ ~ 

. 
0 

rl . 
CQ Cl) C/) 

0 73.0 12.5 

0 50.8 13.7 

0 s2.0 19.3 

0 29.0 16.4 

0 40.0 17.0 

@t 
Q) rl 
3 ,Q 

+-' 
15] 
Q) 
::I Q) 
rl rl ,~ 
+-' (/) 

11. gi':*;'; 

3. 7;';;'; 

6.0i':;';;': 

L~ • Qib'; 

5. 1 :':*~': 

+>-­
.::,,. 
rv . 



Appendix 3 .1 --
Schedule for embedding tissue in paraf f :i.n wax or for double 
embedding in paraffin wax and nitrocellulose. 

&lffered 4% £annal.in Zenker's 
er Booin' s ( overnight) (overnight) 

th . + . was in run.rung water 
I'Ul)ning water (overnight) 

I ... ------....-----• 
so\ ethyl alcohol (2 h.r) 

70% ethyl alcohol1'(2 hr) 

+ 95% ethyl alcchol (2 hr) 

100% ethyl alcohol (2 hr) 
t 

100% ethyl alcohol (2 hr) 

Altmann's 
(2 hr) 

r(ether or >-------~or)l 

Carney's 
(2 hr) 

443. 

50/50 ethyl alcohol, 
xylol (1 hr) 

+ xylol (2 hr) 

l 
50/50 et~yl alcohol 
benzene (1 hr) 

I 

50/50 ethyl alcohol, 
diethyl ether (1 hr) 

2l nitrocellulose (in 50/50 
ethyl alcohol,diethyl ether) 
(overnight, or' store) 

hkn in chloroform xylol (2 hr) 

paraffin wax (2 hr) 

! . 
paraffin wax (under vacuum 
fran water vacuum pump) (2 hr) 

Jed 

1'with iodine if Zenker's used as fixative 

jizene ( 2 hr) 

rlzene ( 4 hr) 

+ benzene ( 8 hr) 



Apperrlix 3 • 2 

Schedule for embedding ma.le ha.irpencil organs of P. oper<!U.ZeUa 
far electron microscopy 

( Carried out by Mr N. G. Leet) . 

Initial fixation in 4% glutaraldehyde in CaCod.ylate 
buffer (pH 7. 3)* 

CaCodylate buffer wash:~•: three changes each of 1 hcur 

1% osmium tetroxide in CaCod.ylate buffer 
with evacuation from a water vacuum pump 

Quick rinse in water 

4% uranyl acetate CaCo:iylate 
buffer (4%)* 

75% acetone 

95% acetone 

100% acetone: three changes each of 

75/25 acetone/Sp.irr's** 

50/50 acetone/Sp..irr's 

95/5 acetone/Spurr's 

100% Spurr's with evacuation from 
a water vacuum pump 

Polymerisation at 60°C 

24 hours 

24 hours 

1 hour 

1 hcur 

1 hour 

18 hours 

24 hours 

24 hoors 

60 hoors 

,t;0.05% "Decon 75" in water added d:rop..Jise W1til a.iticle wetted 

**Sp.irr's lc:w viscosity epoxy embedding medium (Spurr, 1969) 

444, 



Appendix 3. ~ 

Ieterminatian of lav light intensity in the bioassay roan 

The lux meter only had a lo..;er sensitivity to 1 lux, and therefore a 

light intensity of 0 .1 lux was d.)tained in the bioassay room by canparing 

the light intensity at the surface of the light bulb underneath the 

bioassay table (the direct light intensity) with that taken vertically 

u:i;waro from the centre of the bioassay table ( the reflected light intensity) 

at different settings of the variable resistor which controlled the light 

bulb outi;ut. The direct light intensity was found to be a factor of about 

1700 times greater than the reflected light intensity ( see accanpanying 

grai:h) within the m:asurable range of the lux m::ter, so this was asswred to 

hold true at all light intensities. The graph of reflected light intensity 

was accordingly extrapolated as sho..;n, an::l the resistance setting was 

selected to give an estinated reflected light intensity of 0.1 lux (80 

arbitrary resistance units). 

Variable resistor setting 
( arbitrary units ) 

445. 



Appendix 4 

List of the insect species and their taxooomic status 

Achroia gnseUa (Fabr.) (Lep.: Pyralidae: Phycitinae) 

Acl.eris gl.overan.a (Wlsm.) (Lep.: Tartricidae) 

Acrol.epia assecte 1.l-a Zeller (Lep.: Ypanareutidae) 

Ado:cophyes oran.a Fischer VO.l Roolerstarrm (Lep.: Tortricidae) 

Agriphil.a plwnbifimbrieUa Dyar (Lep.: Pyralidae: Crambinae) 

Agrotis ipsil.on (Hufnagel) (Lep.: Noctuidae) 

446 

Amphimal,l,on majaZis (RazoumCMTski) (Col. :Scarabaeidae:Meloloothinae) 

Amphimal,l,on sol.stitialis L. 

Anagas ta kuhme Z l.a (Zeller) 

(Col. : Scarabaeidae: Melolanthinae) 

( Lep. : Pyralidae: Phyci tinae) 

Anisoplia agricol.a L. (Col.: Scarabaeidae: Rutelinae) 

Anomal.a aenea Geer (Col.: Scarabaeidae: Rutelinae) 

Anoxa vi Uosa Fabr. (Col.: Scarabaeidae: Melolanthinae) 

An thono111U8 grand.is Boheman ( Col. : Curculianidae) 

Aphodius fimetarius L. (Col.: Scarabaeidae: Aiilodiinae) 

Aphodius tasman.iae Hope (CoL: Scarabaeidae:AJ:bodiinae) 

Aphomia gular-~s (Zeller) (Lep.: Pyralidae: Phycitinae) 

AI'g<#l]1,i s ( Lep. : Nymphalidae) 

JJ.rgyrotaenia ve Zutinan.a (Walk.er) (Lep.: Tortricidae) 

Autographa caiij'orniaa (Speyer) (Lep.: Noctuidae) 

BoZbocerosoma faratwn (Fabr.) (Col.: Geotrupidae) 

Bombyx mori L. (Lep.: Banbycidae) 

Braahyrhinus sulcatus (Fabr.) (Col.: Curculimidae) 

Cadra caute ZZa Walk.er (Lep.: Pyralidae: Phycitinae) 

CaUiphora erythrocephaZa (Meig.) (Diptera: CalliJ:haridae) 

CaZZosamia promethea Drury (Lep.: Saturn.iidae) 

Carausius morosus Br. (Phasmidae: Cheleutopterae) 

Ceruchus piceus Walker (Col.: Lucanidae) 

Cetonia aurata L. (Col.: Scarabaeidae: Cetaniinae) 

Cetonia fZorico'la Herbert (Col.: Scarabaeidae: Cetcniinae) 

Choristone'UI'a fumiferana (Clelren.S) (Lep.: Tartricidae) 

Choristoneura pinu.s (Freeman) (I.ep.: Tortricidae) 

Choristoneura rosaceana (Harris) (I.ep.: Tortricidae) 

Coccinel.1-a novemnotata (Hbst.) (Col.: Coccinellidae) 

Cochliorm,:1ia hominivorax (Coquerel) (Diptera: Calliphoridae) 

CoUas phi Zodice eurytheroo Boisduval (I.ep.: Pieridae) 

Coste 1-ytra zealandica (white) (Col.: Scarabaeidae: l~loloothinae) 



Cotinus nitida L. (0::>l.: Scarabaeidae: Cetoniinae) 

Crambus harpipterus Dyar (Lep.: Pyralidae: Crambinae) 

Crambus triseotus (Walker) Cep.: Pyralidae: Crarnbinae) 

Ctenicera aeripennis (Bro.-m) (Col.: Elateridae) 

CurcuZio caryaZ (horn) (Col.: Curculionidae) 

Da:nais giZippus berenice (Craner) (Lep.: Hymphalidae) 

Dasychira fasceZina (L.) (Lep.: Lymantridae) 

Dasy..:hira seleutica (L.) (Lep.: Lym.antridae) 

Dendrootonus monticoZae Hopk. (Col.: Curculianidae) 

DendroZimus pini L. (Lep.: Lasiocampidae) 

Desmia funeraZis (Hubner) (Lep.: Pyralidae) 

Diatrea grandiose Ua (Dyar) (Lep.: Pyralidae: Cr-arnbinae) 

Diatrea sacaharal.is (Fabr.) (Lep.: Pyralidae: Crambinae) 
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Dioryctia abieteUa (I:enis & Schifferrnuller) (Lep. :Pyralidae:Phycitinae) 

Diplotaxis (Col.: Scarabaeidae: Melolcnthinae) 

Doraus paraZlelipipedus L. (Col.: wcanidae) 

Dynastes tityus (L.) (Col.: Scarabaeidae: Dynastinae) 

E.'phestia elute Ua (Hubner) (Lep.: Pyralidae: Phycitinae) 

EpiZachna varivestis Ma.ls. (Col.: Coccinallidae) 

Epiphyas postvittana (Walker) (Lep.: Tortricidae) 

Estigmene acrea (Dr'Ur'Y) (Lep.: Arctiidae) 

Eucanthus Zazarus (Fabr.) (Col.: Geotrupidae) 

Galleria meUoneUa (L.) (Lep.: Pyralidae: Phycitinae) 

Geotrupes mutator Marsham (Col.: Geotrupidae) 

Geotrupes stercorosus Scriba (Col.: Geotrupidae) 

Graphognathus (Col. : Curculianidae) 

Graphoiitha moleata Ojllsck) (Lep.: Tortricidae) 

Gypsonoma haimbachiana (Kearfott) (Lep.: Tartricidae) 

Haliocapris gigas Fabr. (Co~.: Scarabaeidae: Scarabaeinae) 

Hamnapcera fr'ondosata Guerin. (Lep.: Gecuetridae) 

Harpobittaaus austraZis (Klug) (Mecoptera: Bittacidae) 

HeUothis virescens Fabr. (Lep.: Noctuidae) 

He Uo this zea (Boddie) ( Lep. : Noctuidae) 

Hemerocampa ( Lep. : Lymantridae) 

HepiaZus humuU L. (Lep.: Hepialidae) 

Hippodamia convergens ( G.ler.) (Col.: Coccinellidae) 

Hofmcmnophila pseudosprete Ua (Sta.int.) (Lep.: Oecophoridae) 

Holomelina irrmacuZata CReakirt) (Lep.: Arctiidae) 

Hoplia brunnipes Bonelli (Col.: Scarabaeidae: Melolonthinae) 

Hop Zia caerulea Drury (Col.: Scarabaeidae: Melolcnthinae) 

HopZia farinosa L. (Col.: Scaeabaeidae: Melolonthinae) 



Hyd:rocampa n-ymphaeata L. (l~p.: Nymphalidae) 

liymenopiia atrigosa Illig. (Col.: Scarabaeidae: Melolonthinae) 

Hyphantrla cun.ea Drury (Lep.: Arctiidae) 

Hypogymia morio (L.) (Lep.: Lynantridae) 

Lccni:xi.ina fisce llai>ia lugu.brosa (Hulst.) (Lep.: Geanetri.dae) 

Laspeyresia aaryana (Fitch) (Lep.: Tar1:ricidae) 

Laspe yre aia pomone Ua ( L.) (Tortricidae) 

Leuoinodes orbonalis wen. (Lep.: Pyralidae: Pyraustinae) 

Ligyrus gibbosus (DeG.) (Col.: Sca.ra.i',aeidae: Dyna.stinae) 

LithocoZZ.etis fitche Ua Clen£ns (Lep.: Gracillariidae) 

Lucanus aapreo Z-Us ( L. ) ( Col. : wcaridae) 

Lucanu.s aervus L. (Col.: wcanidae) 

Luaa:nus placidus Say (Col.: wcanidae) 

MaZacosana dissfiria Hubner (Lep.: Lasiocampidae) 

Mameatra configurata (Walker) (Lep.: Noctuidae) 

Manduaa aexta (Jchannscn) (Lep.: S:[iungidae) 
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Me lo Zontha hippoaastani 

Me lo Zontha me Zo Zontha L. 

Fabr. (Col.: Scarabaeidae: Melolcnthina.e) 

(Col.: Scarabaeidae: Melolarth.inae) 
Microvalgus (Col.: Sca.raba.eidae: Valginae) 

Musca domestic,-.. L. (Diptera: Muscidae) 

Cuontria (Col.: Scarabaeidae: Melolanthinae) 

Onthophagus punctatus Illig. (Col.: Scarabaeidae: Scarabaeinae) 

Operophthera br.unata L. ( Lep.: Gearretridae) 

Orgyia antiqua (L.) (Lep.: Lymantridae) 

Orgyia l-euaoatigma J .£.Smith (Lep.: Lymantridae) 

Ostrinia riubilalis (Hubner) (1£p.: Pyralidae: Pyraustinae) 

Pachypus aornutue Oliver (Col.: Scarabaeiclae. PachY,lXXlinae) 

Panolis piniperda Panz. (Lep.: N,ctuidae) 

Paaaalus cornutus Fabr. (Col.: Passalidae) 

Pe ctinophora goa a ypie Zla (Saunders) ( Lep. : Gelech.iidae) 

Perid.I-oma margaritosa(Haw.) (Lep.: Noctuidae) 

Periplan6ta ameriaana (L.) (Blattcdea: Blattidae) 

Phlogophora metia-wZoaa (L.) (Lep.: Noctuidae) 

Phthorimaea operaulelZa (Zeller) (Lep.: Gelechiidae) 

Phyliopertha hortiaola L. (Col.: Scarabaeidae: Rutelinae) 

Phyllopertha lanceolata (Say) (Col.: Scarabaeid.ae: Rutelinae) 

PhyZlophaga an.xi.a (Le Conte) (Col.: Scarabaeidae: Melolonthinae) 
PhyZLotocu.s (Col.: Scarabaeid.ae: Helolcnthinae) 

Pinotus carolinus (L.) (Col.: Scarabaeidae: Scarabaeinae) 

Platyceras virescens (Fabr.) (Col.: wcanidae) 
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Platynota atultana Walsingham (LJ::!p. :Tortricid.ae) 

Pl,ectria aiiena Chapin (Col. :Scarabaeidae: Melolanthinae) 

Pl-eocana oregonesis Leach (Col.: Scarabaeidae: Pleoccminae) 

PZ.odia interpuncte Ua (Hubner) (Lep.: Pyralidae: fhycitinae) 

Podosesia syr:.ngae froxini (Lugger) (Lep.: Sesiidae) 

Podosesia ayringae syringae (Harris) (Lep.: Sesiid.ae) 

Po lydrosus ( Col. : Curculicnidae) 

Polyphyl,l,a decemlineata (Say) (Col.: Scarabaeidae: Melolcnthinae) 

Popi lius disjunctw; (Illig.) (Col.: Passalidae) 

Popi Uia japonica Ne...man (Col.: Scarabaeidae: Rutelinae) 

Portlzetria dispar (L.) (Lep.: Lymantriidae) 

Prion.oxystus robiniae (Peck) (Lep.: Cossidae) 

Prionus laticoZ.Z.us Drury (Col.: Cerambycidae) 

Prodenia l.itura Fabr. (Lep.: Noctuidae) 

Pseudaletia separata (Walker) (Lep.: Noctuidae) 

PseudoZ.ucanus capreolus (L.) (Col.: Lucanidae) 

Pyronota (Col.: Scarabaeidae: Melolarrthinae) 

Rhopaea heterodactyZ.e soror Blachburn (Col.: Scarabaeid.ae:Melolcnthinae 

Rhopaea magnicornis Blackburn (Col.: Scarabaeidae: Melolcnthinae) 

Rhopaea verrreuxi Blanchard (Col.: Scarabaeidae: Melolcnthinae) 

Rhyacionia buoUana (Schiffermuller) ( Lep.: Tartricidae) 

Romalewn rufu Zwn (Hald. ) (Col.: Ce..rambycidae) 

Samia aynthia (Th:'ury) (Lep.: Saturniidae) 

Scarabaeua serer L. (Col.: Scarabaeidae: Scaraba.einae) 

Scarahaeus semipunctatus Fabr. ( Col. : Scarabaeidae: Scarabaeinae) 

Serica (Col.: Scarabaeidae: Melolanthinae) 

Sisyphus schafferi (L.) (Col.: Scarabaeidae: Scarabaeinae) 

Spodoptera exigua (Hubner) (Lep.: Noctuidae) 

Stegasta bosque 7,,l,a (Chambers) (Lep.: Gelechiidae) 

Synanthedon pictipes (Grote & Robinson) (Lep.: A.egeriidae) 

TineoZ.a bise 7,1,ie t Z.a (Hurrnel) (Lep.: Tineid.ae) 

Tisalzeria badiietza (Chambers) (I..ep.: Tineidae) 

Tisclzeria tinctorieUa (Chambers) (Lep.: Tineidae) 

Trichopluaia ni (Hubner) (I..ep.: Noctui.dae) 

Vitul.a edmandsae (Packard) (I..ep.: Pyralidae: Phycitinae) 

Zygaena ( I.ep. : Zygaenidae) 
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