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This ther,is dnscribes the il~entifica.tion of a sex pheromone 

of the grass gl"U.b beetle, C"ste~r<!: ;t;ealand.ica, and the attempts 

to use the sex pheromone directly to control grass grub infestations. 

The part1aJ. identifi~ation t f .:i. sex pheromone of the connnon armyv!O:rrfi 

1'hc larval stages of the ~r~'S'.:' grub bc~tle ca.v.se e.xt.1:,nsive 

damage to pa.sb.:re during the autarnr~-,·r.-'1t"..,r period and constitute 

New Zealand's major insec+, pest. Since thf:. banning of DD'l'. tr.e larvae 

h.ave been tre~ted ·uy sp:cayi:1g pastures with one oi' a ::rnmbe .. ~ of organ­

ophosphate ~1i.secticides but, in P:er~-~ral, these mat-::rials have not 

givr_;;n adequ1'1.t3 control. 

Attempts have br->er.. madr.:; 1 the1.1 f)fore, to dlwelop alternative cont:.'ol 

procedures anC: to establish more sele:c.i"3 and effective ways of 

• • +. • ' ucing in2cc .1c1aes. Prr,misinr preliminary resuJ. te have been obl<"!J.nod. 

w·_;_·.;.h other insects in using sex pheromones l::oth as chrect 8..!"ld indirect 

control agents. :;-,n the latter respect, a more juct'...cious and effcd.-

i ve use of the in sec dcidt: has been achieved, by usir,6 the properties 

c.l specific:' .. ty and sensi ti vi ty of an insect I s sex pheromone to detect, 

and to est~"1ate, tr.e insect population prior -~·o the D.pplication of 

~he i..Y1secticide. 

The f-0male g~ass grnb beetle was shown to contair. a sex phc-.r­

omone which stimulati:>i mating activity in males ir• the labora.tory. 

Methods were develor,;:,-d to extract ~he sex pheromone rmd its properties 

Lr fu.."lctional group tests were consistent with those of a phonn l; c 

compound. The active component was iso:•::i·~ed by the mer:ns of hi.gh 

vacuum distillation onto dry ice fo:Llowed by [".cl.S ch:·or:H?~tography. The 

isola.ted material wa.s then examined by high resolution mass spect­

roscopy anc found to be phen<?l. On a.verar,:e ea.ch female beetle a.t 
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the time of ma tinrr con ta i "H<t ;1 ·bo11+. 1. 5 JJ. er nr "nol o ..w - •• - ·u • le • Phenol itself 

not only stimulated 1,;;,1ting activity in ll'.o.les in the laboratory 

but also attr:;cted large numoerE of young males in m~ting fli;:;hts in 

the field. F'ield te:.:-ts wen) alco ca:..-ded out with a number of 

substituted phea:::ils but none of 1"hese was acb.ve, 

P-.ri al.r,c-:.ro&.ntel"!nograi.'11 .-1ethod. ·was developed to mee.sure the 

antennal rc::::ponse to phenc~ i.n,.: a nurab~r of closel.y :::·elc:.ted phenolic 

ma.te.c:i.a~~s. In all the tests, :qh.-1101 r,ave J,.he largest response. A 

comparison at -:-,he ar1tenn,.:,.l level be.tw':."'er• phenol and a crude female 

extra.ct indicated phenol was the sole phertw1one. 

Attempts were made to use phenol for grass g:<:'l:b •..:;ontrol. The 

compound h; ::;heap and readi:i.y avaLt able. Hence its direct use could 

pro~ide ar1 eaonomi~ally ~cceptable control method, Interestingly, 

this was one of tY:e first o;portt:n.\ties to a.ttempt to control an. 

insect pop1.ila.ti.on with an unlj_mited f.'11 pr,,:-i.y of t.he sex pheromc:ie. 

Th01"d are two ,-:;;.yr, in wli-~Jh phenol might be used to prevent 

et"l.'ective ~a ting fro;,i taking pl.ace in the field. Yirstly, '.::,he 

attractant prope:i:-ties aight be used to out-compete females in th'9 

natural population. Seco~'"lr.ly, sufficient phenol cou2.-:l be permeated 

~.1to the a.+v,1osphere to possibly confuse the r,:.3.le in its search for 

the fa:nale. Both 111ethods were evaluated in the field with grass 

2 
6rub infestations wrL·_ch ranged from 50 to 220 beetles per m • In 

the first .approach the best a·i, tractant sources used we.re only aoout 

ten times more attri.tctive than virgin females and~ therefore, as 

they could not compe-+~e successfully -with the large number of females 

in the natural popu};:._tion, control was not achieved. In the attempts 

to use the second approach it was possi')ls to coni'o.se male flight 

behaviour by releash1g 5 grmns/hour/hectare (5g/h/bi) of phenol over 

the tri.al sites. However, it was not possible to prevent ma.les from 

locat:lng f ~1aales even wi. th as much as 11.0 g/h/ha of phenol relensed 
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over the trial sites. Presu..rnably, th0 beetle density of the infest.~ 

ations was such, th2.t males could locate fer,nles by sight or s:i.nr;,l;;r 

by chance. 

Larvae of the com:-r1on armywurm can cause extemJi v9 dc,.ma.gc to 

past"J.res and crops B.nd although conventional inse<"'ticide mettods give 

satisfactory control, the main problems .-ar;:,i ea:-.:ly detect:.on 2 .. 1d 

estimation of' infe.:rt.!C!tions. In thj_c res;_:·3ct a k::i.o~tled.gi."' o; the f,;.X 

pheromone used by +,h0 female moth sl1ould allow insecti.cid'"~s to li•.~ 

used more effectively. 

'l'he sex pheromone:) was extracted from the abdo.nina: tips of 

female arm;y'v-rorrn moths usin.; metr~ylene chloi~ide. F,mctiona.l group 

tests indicated that the sex sti..'!lu.latory comp::me.rit was :'..'1 uns,~-1-,tu·:..ted 

aliphc,ti,:, acetate. Comparison of the Rf ·mlues and retention times 

of the active e;l)mpon\,;>-1t with tho8e of st~ncL."l.rd cotfo)C.t,nds '"'fl thi:: 

12.yer and gas chromatography ( GC) ,:esp(::-::i:,i v0ly, su~6estec'l that a 

mc,no-unsaturated 1'exadeomyl ac~•3tate nns !nvolvE'--.4.. C.f the 1 .. ono­

LU1saturated hexadece"'yl aC'etate~ tested for EAG acti'lri.ty, only 

p_j_s-11-hexadecenyl acetate induced an intense p•1tem'!.:,.l response. 

Furthermore, 0 .1 , 1. 0 , a.no. 10. 0 ng of this corn pour!<". on 5:i..ass rods 

induced strong sex s·i.,imulatory activity :.i..n males in laboratory 

behavioural tesi:,s. 

The crude female extract was injected onto a • 11-h'llber of diffe,·ent 

GG cc li.inms ~md several active fractions were collectecc from each 

co~umn. This indicated that the female moth probat2.y uses a multiple 

compone.'1t pheromone syste.11~ The behaviour of one of the sex stim­

uJ.atory components in the female extract, in all ti1e chemical and 

concentration steps, was consistent with that of cis-11--hexadecenyl 

acetate. 

In an attemut to verify that cis-11-hexadecenyl acetate was . --
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a natura]_ pheromone of the comr11on armyworm moth a GC f-i:·action 

of the crude f emtle extract, eluting a.t the retention time of 

cis-11-he:x.adecenyl acetate, was collected ana ozc:>1ized. One of the 

ozonolysis products of cis-11-hexadecenyl acetate h: 11.-acdto1:vund­

ecanal but this was not detected in the ozon 1-2,ed GC fraction, using 

the technique of mass fragmento2,-raphy in 1-hich a. mads spe"'"C.I'('IJJ.::'!ter 

acts as a specifj_c C;G detector. It appears, there.f0re, ·>.ta t cis-1 :­

hexadecenyl a.cet.3.te is not present in fenc>~1.e armyworm moths. Wl1en 

tested in the field,however, it attracted inale.moths into tr.<1.ps b•~t 

1,ras not as effective a[,; virgin females . 

.. 

(iv) 



I am grat,aful to the many pt,-')ple ~,·rho ha,•9 helped. me in v.s.riou.s 

ways in the work deSC)'.'i1°'8Cl ~n t>:.Ls thesis~ I 2m indebted to the 

tecbnic:i.ans at the R11akura Soil Research Stat.ion .for their assistance, 

m colloctir.g ins~;cto, wi tl ,,..ut ;.~:1.ich this work c,)u1d Y1ot ha:ve been 

t11,r1ert2.ken. In parti~ula.r : -~:ish tc- thank the £0:.:ouing: 

:Michael. Lowe for his cri ticiG1~s a:.1.:-l te:::hr~:.ca..l. assiPtance parti cu.larly 

with respect tc> the gas cnromatogra~::!u 1~ b.nalyses; 

Jack Taylor for his ccoper::.tion in laborato .. ~y and field 1:ork; 

Wilfred Hall for rearing ar.,1yworrns and hl s loyal 8,.:distancc especially 

during the long weary even:i..n;;s of tl1~ grass grub flight seasons; 

Ken ::Jlair, Elizabeth Boston and Claire Allingham fer technical 

ass5.stance; 

Dr E. P. ':Ihi te and Professor A. T. Wii::;or., my supervisors, fo1· their 

Prufessor F. L. Warre!1, visiting N.R.A.C. Research F,Jll0w at Ruab;.ra 

for hi.s encourage::n3nt ci.!1.d advice on various aspect.:; of thlb ,,rork; 

Dr Pat Holland and Professv.c R. Hodges of Massey m:iversity for mass 

spectral ano..lyses; • 

Des Ha.mblyn who. cm:at:..--ucted the electronic eqt:iprne~t for the 

electroantem1ogram st·,1-dies; 

David Duganzich for stab_ st:i.cal analyses; 

Bruce Given for advic8 on various entomological prcolems and r,i1otog­

raphic material and l..Jon HacQueen who also produced some of the 

photogr·a.phs ; 

The Ministry of Agriculture and Fisheries for grant of study leave; 

The following members of the iluakura Research ;:taf.f~-

'I'he glass blower, ~~arry '✓fright; the typing pool; the librar-y- st2t.ff; 

and the art secb.on who have all given help at var~_ous times; 

(v) 



Mrs Hazel Wolff who typed the script; 

Hy wife, Anne for her patience and understanding :;_".)articular1y 

during the grass grub flight seasons. 

(vi) 



TAI1l,E OF (!)NT:SN'i'S 

ABSTR:\CT •••••••• . . . . _, • • • • 4 . . . . . . . 
• • • • • • 0 • • $ • • • • 

CF.APTER 1 INTIODllCTI0N 

Gr;;,:;s grub • • • ~ 6 ~ 0 6 • 6 e • 6 4 • 0 0 • 6 • 0 1.1 

1.2 Cormnon a~rorm • • • • . ., • • • • • • • • • • o & 

EA.GE 

i 

V 

1 

3 

CHAPTER 2 BI0LOGICAI. AND CrD~•lIC.AL ASP~CTS OF SEX PHFi'.OH0NKS 

2.1 

2.2 

2.J 

2.4 

2.5 

2.6 

Sex pherom::me cef:i.rii tion • • 6 Cl O 6 6 6 :., . . • • • 

Identities of sex pheromones in the Coleo;:,tera • e • 

Iden ti ties of e~x pr.113romones in the Lepido--pterd. • • 

Sex phero~one pr0duction .••••••••••••• 

Mechanism and distance of se1. ph?romoi:~ communica:tion 

Sgx pheromone reception ••••••••• ~ •••• , 

5 

6 

i1 

1.2 

17 

18 

2. 7 Sex ph81·omon~ percepticn • • • • • • • • . • • • • , • 22 

2. 8 3ex phe1-0m.one c._:.,ecifici ty • . . . . . . . . . . . • . 21,1, 

2. 9 Principles c,t' bio:..~,say methods • • • • . , • , . . • • 26 

2.10 Fa.c(·.ors influencing electroante.11nogra.liis (1A.G 1s) iI1 

insects . . . . . . . . . . o • ~ • "' ., • • • • .. • • J1 

2 .11 General proe;E:.dures for cxtractin:"., isvla t:L "lg, and 
identifying sex pheromones •••••• ,, ••••••• 35 

2 .12 Sex pheromones as coni·:,:-ol a.gents for ir1se0 ts • • • • • 4-2 

2.1J Sex pheromor.~ release in the field ..• , • o •••• 46 

CHAPTER J 

Grass grub 

THE BIOLOGY OF TRS GRASS GRUB L1D THB 
oo:;,rr,ON AHl·!Y\·iOR.l1 

Introo.ucti.on • • • • • • • • • • ~ • • ~ • • 0 • • 49 

3.2 Life cycle • • • • . • . • . . . • ~ . . • • • • • • • 51 

Ad1,lt behaviour •• ~ • • •.••••• ~ •••• o • 53 

(vi:i.) 



J.4 In trc,duction 0 W' "' 0 55 

Life cycle . e • e • • • • o • • • • o • • • ff o • • o 56 

PAIL"' I 

CHAPTER 4 LAIDRATORY HANDLING AND BIOLOGICAL TES'l'HiG 
0 F GRtSS GRUB 

4-. :l Introdll.cUon . • • • e • 6 • 0 8 • 6 0 • • • • • • $ 

4.2 E:::.x:!rim.ental 

(a) Larval collection and laboratory h3.ndling 
?rocedures . • • . • ~ . • • • • • • • • • • • • . 6t 

(b) The olfactometers used in the bioassay •• e • • • 61 

4.J Results and discussion 

4.4 

(a) Extensjon of the 2.dul t e.merge:.1ce period in 
the la-uora t-1ry • • • • • ., • • • • • • • 0 • • • 65 

(b) Bioassay based on th$ Y-cho:'.i •Je ol.fac+.ometer . . . 70 

Bioassay oo.sed on male copulatory attompts • • • • 75 

Conclusions. • • e e • • e • e ♦ 9 e C a e • • • • • • 

CHAPTER 5 EXTP..A.G'.PION, ISOLATION AND IDENTI:F'ICA'i'IO1~ OF THE 
GRA.SS GRUB SE.'( Fi-I3?D1'DNE 

5.1 Introctuctior. • • • • • • • • • • • • • • • • $ • • • e 82 

5.2 Experimental 

(e) PI·oduction site of the grar..,3 grur. sex: pheromone • 83 

(b, Extract.ion of the gra~;s grub sex phe:..'omone .••• 84 

(c) 

(d) 

Parti tioni11g of ethere".l extracts against 
aqueou:::: buffers . • • ,, • • • • . • ~ • • • • 

Functi0nal group tests on the crude ethereal 
extrac.JLf • • • • • • • • • • • • • • • • • • o 

• • 84. 

• • 87 

( e) Short ra th high vacuum clistilla tion . . . . . . . 88 

(11 Thin layer chromatograpr,y • • • • • • • • . • • • 88 

(g) Pz.per chronm.tograp!1~'{ . . • • . • • • e • • •••• 89 

(h) Gas liquid. chromatography •....•..•••• 90 

(viii) 



( i) Isolat:i.ou :md iclet,.tLfication of phenol e.s 

(j) 

(k) 

(1.) 

the seY. pherorwne . 

Laborator.;r and fi(::lri bioassay of' phenol . 

Vm·iat:Lo,1 .in phc,1101 ccm~ent w:l.th .1.ge ar.d 
rna.tirg r;f +.he fe1,1a::..e beetle • . . . ••. 

.'\ .. etivi+~r of subst:'c.tu.ted phenols in fi.eld 
bioassi-?~~rs ti e e • t, • Al • • • • • O e e O 

. . . 

• • • 

• • • 

• 8 O O 6 l O G e e O C • 0 • 8 e G e e 

Cor1cl~sions l' t.t G • • • 6 • • • • <" • • • • • 0 t} e • 

95 

97 

99 

100 

103 

CHl\..PTER 6 E.LECTRDLlJTE:\fNOGRr:u n_:.:;.::'F:.;NS.SS Oii' TE.IE GRASS GRUB 
BEETI..E 'D:· PIID·;0L AND RELA'1~:SD illHFOL'NDS 

6.1 

6.2 

Introd.ucti0n 0 ~ • e • 0 e e e e e O e e • • • • • 

~0 .... :i· "'en-'·., 1 ~"-P '• ...&.1.L l_,<,;1....J.,, 

(a) Anterinal 

(b) Antenm1l 

• • • e a 

response of 

response of 

111ales to phenol • • . • • 

ma.J."'s +.o sul.''.Jtituted pher1ols 

(c) Compa·dson of the rna.le antennal respc~se 1J) 

phenoJ. ~.no. a ferr12.le extract • • • • • • •· • • • 

105 

106 

110 

112 

:!.:t6 

(d) Antennal rnsp:>nse of fe:na.les to phencJ. • • • • • 117 

6.4 Conclus5.C.'!lS • . . . . . . . . . . . . . . . . . . . ~ 

CH.\PTEFt 7 FIELD TPJ_.\LS WITH PlI.fD:{OL FOR GR1\.SS GRUB 
illNTROL 

Introductiur. . . . • g • • • • • 0 • • • ~ • • • • • 

7.2 Laboratory P'.:udies 

113 

119 

(a) Determinat1 . ..:,n of phenol release :ra.tes • • • • . 120 

(b) Phenol C.ispensers 

(i) .::>ubstrates • • • • • • • . • • • • • • • 

(ii) Derivatives • • • • • • • • • . • , • • 

(iii) Encapsulation in PVG cube • • . • • • ~ 

7 .3 Preliminar;;.r field studies 

(a) Male beetle attraebon to phenol released at 
different rates • . ~ . • • • • • • • • • • • • 

(ix) 

122 

• 125 

• 128 



(i) '.D.~ial layout. o • • • • • • . . . • ,0 • 0 

( .. ) ll., Results a.~d discussion. e • 129 

(b) Distance of attraction •...•••.•.••• 1J2 

(i) Re;:ml ts and cU.scussion . • • • • C 6 8 . . 13:, 

(c) Attraction trials .. • • • . . . 0 • e Cl . .• • • 134 

(i) 

(ii) 

(:iii) 

T'ritl layout G . . . . . • 0 .. , • 4 • 1.34. 

Sampling . , . . . • • • • • • . . 
Results and dic•JU.ssion • • • • • 135 

(d) Activity of Du.rez paste verm.w virg-ln fcr,,a.les 
versus other phenol formulations •••.•.•• 139 

(i) Tri<il l~.yout • • • 0 • • ♦ • • • ll • • • 

Results and discussion • e • • • • ~ • 141 

C(,nclusions from the preliminary studies . .. . . . . 
Po;:--c,.:.ation r,:"ldel for the theoretical control 
grub ms.. ting ~,i. th sex pheromone traps . . . . 

7. 6 Hass trapping field trials ui t!i. uur-~~z paste 

of grass 
• 0 • • 149 

Introduction . . . . . . C, • • • • . . ": • • • • • .• 157 

Experimental . . ., • e • ♦ C • • • . . 
Results and. discussion 

(a) Traps ar:>."anged in a grid pattern ...• 

(b) A ttract8.nt arra.n6-:-'0. as a li::,e source • 

7.7 Hale confusion field trials 

(a) 1970 flight seasvn 

. . . . . 

. . . 
• • • 

(i) Trial la.yout and soil sarnpling. . . . 
(ii) Hesults and discussion .•• • • • • • 

(b) 1971 flight season 

(ii) Results and discussion .... • • . . . 
(c) 1972 flight season 

(i) 

(ii) 

'l'rial layout and soil :c;Dmpling . . . . • 

Results a.nd discussi-:.n •...••••• 

(x) 

. 158 

161 

166 

167 

171 

175 

H30 

1.82 



Conclusions frum mass t:ta:nping and male confusion 
field trir.11.v . o o • ~ • • " & 11 • • • • • • • • • • :1.8.5 

PART II 

CHAP'l'Eri 8 

8.1 Introd.i.J.ct;1 o:-: . • • • • . . . • • 0 i88 

8. 2 Experimen trd 

8.J 

8.4 

CHA.PTER 

(b) 

(c) 

Maim ... c11,.:ii :ce of che cu:.:. cure . . . . . . . . . . . 
Labora tor.? beha,;ioural bioa.ss~.y . . . . • :t • • 

Preliminary exti·acti.on and concentr&. ~..,ion 
methods . • • • • • . • o • • • • • • • • . . . 

(d) Pher0mone hei• t stability and functic.•nal group 
test.s ••• . . . • • . . - . . . . . . . • • • 

( e) Electroan teffi-,O/!-'.ran. re~:;,.ionses :·,o a se~·ies c,f 

189 

192 

19.5 

stand.a.rd ac:::tai:.es • • • • • • • • • . • • . • • 196 

(f) Labcrai·.ory be},,wiou't'::l responses to a series 
of standard acetates. • ••.•••..••. 200 

(g) Column chromi•t,ography • • • • • • • • • • • • • 204 

(h) '!'b..in l::yer chrom:>. tography • . • • 0 ... • • • • • 204 

(1.) G hJ ' hy ')_07 r .. ~ c roL1a ,:,ograpJ. • • • • • • • • • • • • • • • r.... 

(j) Nass f".'agmentography and microozonolysis .... 212 

Field tests with cis-9, trans-1:::~ .. tetr!',_d.ecadienyl 
acetate Et11d c:i.s-11-hexadeceny-J. acetate used 
alone and in combination ...••.•.•••• 

Discussion. . . . • • . . O C . ., • • . . . . 
Conclusions . . . . , . . 0 • e Cl • e • C . . . . . . 
9 OJNCLUSIONS • . . . . . . . . . . . . . 

219 

221 

223 

225 

REFERENC:fi;S • • • • . . . . . • • 0 ~ • • • • • • • . . . . . 228 

APPE}WIX 1 . . . . . . . . . . . . . . . • e • • • 244 

(xi) 



INTRODUCTION 

1.1 Grass grub 

'l'he larval st:;.ges of the New Zealand grass grub ,Cos:.el~[t:..~a 

zeala.ndica (Wbite) (Coleopt0.r.s,: Scaraba.eidae) ,constitute the 

country's major insect pest because of the extensive damage caused 

to pasture during the autunm-winter period. Over the last 100 

years or so, most of New Zealand I s lowland tussock araas and much 

of its native forests have been replaced by improved pastl:..:res 

based on introduced grasses and legumes. These pasture~ form the 

basis of a highly eff·,.cient farming industry whi~h provides abou:~ 

80 percent, of New Ze.;land I s export earnings. Grass grub, which 

occurs throughout New Zealand, has adapted to this introduc0d 

environment to such extent. that pasture damage has been estimated 

to cost between 30 and 60 million dollars annua.lly (F.tay and Garrett, 

1942; Harrison, 1967). Damage is most severe in t~1e lighter soils 

of the Canterbury Platns ::ind i.l1 the :bill r:ou.>1try in the 1'aupo-

Rotorua and Tar-ana.ki areas , where stock t :·eading of severely d.runaged 

pastures causes serious erosio~ probl~ns. 

Grass grub larvae are difficult to control with convenU.onal 

insecti.cid.e metho 1.s due to the protection provided by the vegetation. 

For a time, control was achieved by the widespread use of DDT which 

was added to fertiliser and applied to pasture (Kelsey, 19.51). This 

material had a long soil life which allowed good contact to be made 

between larvae B.nd the insecticide. It is ironic, however, that 

this property of persistence which made DJJ"l' so useful, has led to 

its ban in New Zealand due to the build-u~) of biologically harmful 
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org::mochlorine residues in meat and dairy prodtweo :F'urthe:cmore, 

widespread resistance to DDr had developed :i.n a number of grass 

grub str·ains (Perrott and McGrath, 1966) which obvtously limited its 

usefulness in control progrrumnes. 

A ntL~ber of org~nophosphate insecticides have been substituted 

for DDI' but li...,11itations of these materials include cost o.f applicat­

ion, short residual life, and the necessity for a unifor.i.n distrib­

ution (Kair! and Crabtree, 1972). Reductions in application cost can 

he achie-..red by spot treatment of heavily infested areas with insect­

icides(Kain and Atkinson, 1970) or injection of the in8ecticide in 

bands below the soil surface (Trought and Wood, 1970). The latter 

me',.:1.od has given satisfactory control but its use is limited to 

ploughable areas and not hill country wh<.,;:-e grass grub dam.age is a 

major problem. 

There is increasing pressure from many sources, however, to 

restrict or ban the use of insecticides, especially those tha.t are 

persistent. Consequently, there is an urgent necessity to develop 

safer alternative control methods which are specific to th0 insect 

target and without side effects on other life. Attempts to develop 

such methods for grass grub control have met with varying success. 

These have included the planting of resistant crops such as luceme, 

various cultural practices, and biological control with predators, 

parasites, and insect.pathogens. Chemicals such as sex pheromones 

which occur naturally in insects are also potentially useful as 

selective control agents. 

In 1966, Kelsey reported the presence of a sex pheromone in 

the grass grub beetle but his studies, which were carried out with 

live virgin female beetles in the field, did not preclude the 

possibility of sight or sound being involved in the mating process. 

Preliminary laboratory behavioural tests carried out by the a.uthor, 
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however, established that a ch2mical alone was involved. This 

provided. a basis for this study on the bioassay, isolation, ident­

ification, and use,of the sex pheromor;.e of the grass grub beetle. 

As all the attempt~ to mass rear the univolitine grass grub 
. 

beetle in the labora~ory had been unsuccessful, b&atles were not 

available for study throughout the yf'.ar. This study on the sex 

pheromone was restricted, therefore, to about a six week period in 

the spring when beetles were present in the field • 

. 1.2- ·Corr~on arrnyworm 

Large areas of pasture and cereals, pa.rticularly maize, wi t:b..in 

the mid and northern areas of the North Isla.nd of New Zealand are 

attacked annually by tlu1 caterpilla1· of ti).e armyworm moth, Pseuo.aletia. 

separata. The insect is primarily a defoliator although early 

infestatior.s may chew young maize silks causing poor pollination. lu1d 

seed set (Douglas ~t al. , 1972). 

Tae ca~~,rpillar can be satisfactorily controlled with a number 

of organophosphate LY')_secticides (Kain et al., 1968) but sometj1,1es 

crops have to be spr~yed. at least three times to control the pest 

adequately, A major problem in contr-oLling a.rmyworm in a crop such 

as maize, 1·:'here the da."lger period is during and shortly after silking, 

is the early detection of an infestation. In this respect, the high 

specificity of sex pheromones :has made them extremely valuable for 

early detection and estimation of an insect population. The use of 

sex pherc~one traps in combination with insecticides should, there­

fore, result in a more effective control procedure. This thesis 

describes tne attempts to identify one of the sex pheromone components 

in the fem.ale arm;;,rworm moth. 

Prior to this study, the presence of a chemical pheromone in 

P. separata had not been demonstrated. Having established that a 
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chemical was used by the female r.:oth to communicate with the male 

prior to mating, a laboratory behavioural bioassay was developed 

to monitor the presence of the active ,:::omponent in the Yarious 

concentration procedure::;. 

Work on sex. phe ,,omones is seasonal and the st,1dies on the 

armyworm were mainly carried out with insects reared in the laborat­

ory during the autumn-winter period., a time when it was not possible 

to work on the grass grub sex pheromone. The two studies were, 

therefore, carried out in parc1llel. 



CHAPI'ER. II 

DIOI.DGICAL AND CH&11ICAL A.SPECT::i 

OF SEX PID!,"ROl'DNF.3 

2 .1 §ez _ _pheromone definition 

It is well known that volatile organic chemicals with character­

istic odours or t:::i.sti::s are widely used by insects to commu;-,icate 

with one another. This system of cormnunication has reached its highest 

development in the social insects; ants, bees, wasps, etc., all of 

which cormnunicate in i:.he dark interiors of their nests. The term 

"pheromone II coined from the Greek "pherein 1: ( to carry) and 11horman 11 

(to excite, stimulate) was proposed by Karlson and Li.!schar (19.59) 
' 

to describs:, the chemical substances involved in insect corn.TJ1unication. 

Pheromones were defi..11.ed as, 

"Chemicals secreted to the outside by an :t.1dividual a.nd 

received by a. second indi vi.dual of tlie s::::me ~:pecies, m 

which they release a specific re~ction, for example, a 

definite behaviour or developmental process 11 • 

There are many possible ways for classifying "responses of 

insects to pheromones. For instance, Wilson (1963) subdivided 

pheromones into 11 releaser 11 and 11 primer 11 substancei:o. Releaser pher­

omones produce an irr.i:u~ediate and reversible change Jn the behaviour 

of the recipient, on whose central nervous system the chemical 

substance apparently acts more or less directly. On the other ha.nd, 

primer pheromones trigger off a chain of physiological· changes in 

the recipient without causing immediate :::.hanges in behaviour. The 

most commonly used classification method is based on the response 

to the pheromone. Thus, chemicals that cause an insect to arrive 

at the v:i.cini ty of another insect of the same species and opposite 

sex and attempt to copulate have been called sex pheromones. The 

5 
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terms "alarm", 11 agg:regation 11 , and "trail", are also used to describe 

the particular biological function o.f the pheromone. 

The ge.."1erali ty of sex pheromone (.;(immunication among :L.11nects 

is indicated by the nu.zn"!::.3r of orders in which this beh1viour is 

found. These include the Lepid.optera, Orthoptera.. Diptera:, Coleoptera, 

Hymenoptera., Neuroptera, Me~optera and Homoptera. 

Recently, a ne:,r tem !'pa:r-apheror:1one" (pheromone-like substance) 

has been i..Yl.troduced by Hum:meil and co-;.iorl'.:3rs ( 1972) to describe 

che11icals that possess pheromonal activity, but are not identical 

in structure to the natur~.l pheromone of a particular species. 

Cm,~pounds of this nature have been found for the pink bollworm moth, 

Pectinophora gossypiell~ ( Green ~t al. , 1969) , the cabbage looper, 

Trichoplusia ni (Hummel et al., 1972) and the gypsy moth, !:,:Y_'.!r"§tria 

~ispar (Adler 2-!:. al.~ 1972b). 

2.2 Identities of s~x pher~mones in the Coleoptera. 

Th!3 sex pheromones of the Coleoptera, the largest or-der of 

insects, show some correlation of structure within families but not 

the close structural s:Lrnilarity associated with the Lepidoptera. 

Among the beetles, the group that has been most extensively studied 

is the bark beetles (Scolytids) which cause extensive damage to·pi.~c 

forests. The history and behaviour associated with bark beetle 

attractants rave been :;:-eviewed by Silverstsin (1970, 1971). Pheromone 

communication for bark beetles differs from that described for the 

Lepidoptera in that beetles bore into pine trees and produce a 

powdery frass of wood fragments and excrements which attract both 

males and females. The attractant substances have been called 

assembly or. aggregation pheromones. The ooetle pheromones that have 

been identified are shown in Table 2.1. 

A mixture of three terpene alcohols constitutes the assembly 

pheromone in the frass of the-male Ius confusus: (1), (-)-2-methyl-- ----
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Table2.l Insect Sex Pheromones of the Co!eor-tera 

(-)-2- methyl- 6-methylene -

7-ocJen-4-ol 

( +-)-L- methyl-6-me~hyle;--e-

2,7-octadien- 4-ol 

cis- (+)-ver benol 

0 

d~CH,CH, 

oH 
~-7-ethyl-5-methyl-6,8-

dioxabicyclo [3.2.l] octane 

0 

CH3 

1 5-dimethyl-6 S-, I 

dioxabicyclo [ 3. 2.1 ] octane 

112s confusus ( Le Conte) 

.L con-fusus 

.1.confusus 

Dendroctonus brevicomis 

Le Car.re, western pine 

beetle 

Dend roctonus fronta lis 

Zimmerman, southern 

beetle 



Table 2.1 {contcl) 

CH3(CH 2)3COOH 

valeric acid 

8 

~ ~ 
Cl-1 3 (CH,J-C=C =C-C=--.:C-COOCH3 

7 I 
H 

(-)-methyl-- !I.9lli- 2,4,5-

l etradecat rienoate 

H 11 H 
CH3(CH2)i~=C-t=7-Cl-! 2COOt-: 

H 

trans c is- tetradecadienoic. ---·-· 
acid 

(-)-methyl-~is-14-rriethyl- 8-

hcxadecenoote 

cis (-)-14-methyl-8-

hexadecen-l- ol 

L_n:-;ef..!:_ 

• Limonius californicyi_ 

(i-Aannerheim) 

sugar beet wireworm 

.A.c,mtl,oscc:ides obtectus 

(Say) 

dried bean beetle 

A ttagcn 11 s megai.:,ma 

(Fabricius) 

blac!- carpet beet le 

Trogodei ma inclusum 

LeContE:o 

a grain beetle 

T. incluS('m 



Table 2 .l (cont'd) 

Compound 

<;is- 2- i sop ropeny! -l- met~,yl 

eye lobuta neethanol 

£i2.-3,3-di methyl­

eye lohexa neethc;·10I 

ci~ -3,3-d; r;iethyi•-

cyc!o hex a neacetald~hyde 

tra ns-3,3-di methyl­

cyc!oh exaneacetaldehyde 

9 

Insect ----

A.r,iranci1s 

A.gr~ndis 

,. 
A.gruna1s 
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These cor,1pound.s ar,3 ~10t /l(!t:2. VB by the.u~;elves but or1J.y in COi.il.bination. 

It is o.f :'1.nter,.:st tr.i..:.t ~wa predJ:itors of ~ s_o:.:J.fusu~ also respond 

to th,::, t0r1'!.a.r,y- r:1ixtu.:.1 e. Ha.los and fem.ales of a ,:;l~sely related 

spec:ies 1.£.1?.. 1.o.+::.l=.5':~§_ &.re a;.,cr,,,ci.ed. to (I) and (I) + (II) but not 

th3 three c.,;;npou.nd;, -rogstl.:,:r: a fac·~•)r which ma;1- pl:;.y an :tmportant 

role :i..--1 eff' ecting repro':'1.uctt vca :iso.!.a.tion. 

Bark beetles cf the Dcn~?ctou,~s species use~ unique com.~un­

ication syste..'T'. in wlnch pn.erornones are co~11bined with ho<Jt volatiles 

tc. bring abou-i.;. aggre6ation of both sexes at trees undergoing attack. 

Silvers-:;ein et al., (1968) ident.~fi·::1.~ a unique dio:--..a.bi~yclo derivative 

in ·':,he frass of th'<cl female western pine beetle, D. bre-:icomis.~ The 

substance, -::alled br'?-v.; conil:, is he.tractive by itself but its 

acti ,~.i. ty ·:.n the f:'t ali:! .i.s er.:ianced by the: host terpene hydrocarbon, 

n::,:-rcen~ 1~BE::ciard ~t a'.:.•, 1969). The assembly pheromone of the southern 

pine beetle D. fronWj_:· is a mixture of the host ~erpene, transL. 

verbenol and anct!1er d.ioxabicyclo derivative called frontali~ 

(Kinzer et al. , 1969). Th:i..s compound has a close ..:;tructural relat­

ionship to orevlcomin and D. brevicord.s is attracted. to _it (Vite and. 

Pitman, 1969). 

Four terpenes, ~·-ro alcohols am! two :.i.ldehydes ~ isolated from 

ma.le boll ireevils as wel"! as their- f;.~ass, caused an assembly of bo~.:.h 

sexes (Tumlinson et a!., 1969). It is of interest that the male boll 

weevil is more attractive when fed on cotton, whicl1 naturally contains 

myrcene which could be the precursor in the insect biosynthesis of 

the pheromonA mixture. 

In addition to these torpene like su.bstcU,ces there are a few 

alcohols, acid.s H.i'1d met1'.yl esters which :have been identified as sex 

pheromones tor coloopterous insects~ For example, valeric acid for 



the sugar beet wirewo:r.m (Jacob•3c:, ~t al., 1968), trzns-3, ci~-.5-

tetradecad.ie.noic acid for the black carpet beetle (Silverstein 

hex.adecen-L,-0J. and. i t.s rr.0thyl ester f (-)-met:-,yl ci~_-14-methyl-8-

hexadeconoato, for t·~1other stored product bec~tle, r~~og,1d_~ 

inclusuirr (Rc-d.L1. et: a.L, 1969). The diversity of stru.ct.)-1:·e within 

the Coleop!:.er:i is .1e:i.J. illustrated 1;.;y the discc•:·ery by Ho:.der ( 1970) 

rienoate, i'tL.'lctj_on~~ as a sex pheromone for the f,?~nale dried bean 

beetle, Acant!"oscelides cotectus. 

The presence of sex pheromones in E. 1..:ara.b beetles has been 

reportoo for a f~: specie:: but ~·:1ei:- chemical nat01re L, unknown. 

Th0 species :lnclude PachVIJ~~ cornutus (Olivier) (Jeanr:1:::l, 19Co), 

the June b 0 etle, Lc.cr.ir..ostGrna. lanceola_!:~ (Say) {Travis, 1939), 

the :.ock chafers, !tl"Jpaea :n1gnicornis (Blackburn), R. verre&u.."ci. 

and R, mo1•;:;:,Df"):;a {$00 Hoo and Roberts, 196.5) and the Japanese beet~.e, 

.E_opilB.a. japonic~ (Newman) (Ladd 1970; Goonewa.rde.'l•3 et al., 1970a). 

2~3 Identities of St:_"lC pheromones in the L~id.optera. 

The SPX. pheromones emitted by female moths h4Ye been reported 

in a numbe,.. o.f recent reviews (Jacobson, 1970; Beroza, 19'?0, 1972; 

Roelofs, 1971; Ritte:.-, 1971). Most of t.:"le sex ph?romones of the 

Lepidoptera are fai:i:-).y simple molecules .. tlich have been isolated in 

the neutral lipid ·rract;;.on of gland extracts. Long cb.B,in acetate::.~ 

alcohols, aldehydes, an epoxide, a methylbutanoate, and a. hydro­

carb:m have been ide.ntified as sex pheromones in this order. Some 

of the com:t-ounds contain one or two centres of unsatun.J.tion and 

some have a ~,ranched aliphatic chain. A list of the insects and 

their pr .. 1romones which have been discovered hy isolating the sex 

pheromones using the classical technique has been assembled in 

Appendix I. 
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By far the most proclu.ct.ive method of di3covering sex pheromor10s 

r,as been to screen cornpou.nd.s in field tests. This approach exploits 

the fac\ that a ::·elatively lB:rge proportion of the sex pheromones 

are accta:t:es of unsaturated ~.lcohols with 12 • 1L1- or 16 carbon atoms 

or simply the alcoh:o.i.s the:;nselves. Roelofs and ComBau (1970) fou..YJ.d 

r..:-x ph~rc:nones for ;7 l3pid.opterous species in field screening tests 

vri. th 36 such ccmpou.nds. /\.not her r11eans of .findii."'lg sex pherow,Jner~ 

which exploits this fact has been to use the electro:mtennogrrun (Eli.G) 

tec:1.11.iqu0 comhined with gas chro'Tlatog:raphy (GC)~ Retcr tion times 

of the sex phero,none ar9 dote:rrrdned. by injecting crud1;:, phe~·omone 

extracts on polar an,:'!. non pol8.r ~olumns, col.1.,3ctL."'lg the efflue.l'lt 

at 1-nn.nute intervals am!. d.eter:,J.ining w~..ic:11 fraction gives the :rnax­

imw anten.."1.al response il. EA.G t~sts. The :;:'etenti<m times define 

the num1:. ~r of ca.:"''.:ion atow.s and the deg:, ee of unsat,,.ration i:o the 

aliphatic chain. Sui tablt, ca:cio.--i.date materials nan then be screei.'1.Gd 

in Er-1.G tests and the appropria. te compcund giving ma.xir.aun resp:inse 

is assumed to be the sex pheromone which is verified. in .field tests. 

These compounds may not be natural pheromoneo but .:-iimply closely 

related molecules i.~. parapheromoneso 

2.4 Sex Pheromone prodnctiOZ]_e 

Detai~ed mo1yho-;.ogical and histological d0scriptions o;: 

i"'e.'llaJ..e sex pheromon€.: gla..'1d.s have been carried out .. 1ostly with 

lepidopterous insects" These glands c".re norma:Uy located in the 

intersegm0ntal membr<me between the eighth and ninth abdominal 

segments (Percy and Woatherston, 1971). When the female is at rest, 

the gland ~q not exposed to the air because the eighth and ninth 

segmei.'1.ts are nomaJ.ly retracted into the seventh segment. Immed­

iately prior to mating, female moths of many species release the 

sex pheromone by stretching the abdomen outwards and actively 

protruding and ret.a.rding the scent gland. An illustration of the 
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11 calling11 behaviour of the fem;,,le white butterfly, Pier:i.s r::i:oae ____ ...;. __ 

is shm-m i11 Plate 2. 1. 

The sex ph8ro:110!'1e glc>YJ.ds r wltl.ch r~ .. ~e developed .frc-m the hyp:xlex·.11,tl 

cells~ rna,y be in the fo:..."l. 01' a protrusiblc sc'.=mt r:i.:'lg or fold or a 

pa.ir of 1a ter-d.l sacs. The gJ.~ndular epithelium in this region in 

typically c-.>n.posel of largb col:.H'nar to cubo1da1 ce.1.1.,:; with large, 

globu.1.ar to ovaJ. m, ~;, ai an-:: D grami:'.;,.r cytoplasrr. .. 

'!'h-?- scent glcnds of in&ectG w!. thin <1e Coleoi:,~0ra have been 

studied for only &. few sr)ecier; , FE::r11'3.les of the sc0lytid beetles, 

Dendroctorn1s rseu.dotsugas_,apparently produce their· attr:c.ct:~.ve odour 

in their lfalpighian tubules in the hind ::;ut region (Zethner-M~ller 

and Ru.din sky, 1967). In v .irgin tem~.::i. es of the sug?.r bP-et wireworrr1, 

Lirr..,,nius cal.iforrd.cus, the sex pheromone is found prir119rlly in tho 

fifth and r.ix:th a.bd.o,.,,.il" .tl s (;;,1:,'men to ( Lilly and McGinnis , 1968). ":'he 

sex r,:1e~:-::1one gl.a.!1ds s.re al~o located in the female's abdomen in 

tte be~tleE: Qi~.!_)r0tl~ ba.lteata (Cuthbert and Reid, 1964), a 

number of' Rhopae~ specL::s (SooHoo and Roberts, 196;) and Tenebric 

molitor (Valentin-:, 19J1). In the latter species, sex pheromone 

production and relea::;e by .remales is under the con;;,ro1 of juvenile 

hormone produced. in the corpora allata (Menon, 1970). This is also 

the case with the oar':e beetle, ~ confu~~-' in wh!.ch juvenile 

hormone induced male~ to produce sex phe:"lmtone in the hind gut 

Halpighi.an tubule -area (I¾)rde..11. et al., 1969). Hoyt ~!_al., (1971.) 

have suggested that 'i.,he grass grub sex pheromone is produced by 

symbiotic bacteria in the colleterial gl3nds in th0 fe-rnal.e's abdomen. 

Most of the sex pheromones that have been identified to date 

have been prPsent in microgram (µg) or nw:wgra.m (ng) quantities. 

Very low qw.ntities have been 1~eported for t.h(1 co:::lJJ.ng moth, O.J ng 

per insect (McDonough et al., 1969) and the pink bollworro moth, 

2.0 ng per ~msect (Jones et ?l., 1966). Steinbreoi1t (1964) fou:ncl 
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Plate 2.1 An illustration of the cal~ing behaviour in the field 
of the fa'11aJ.e white butterfly, Pieris ra.oae. Females 
in the butterfly family use visutl factors as well as 
chemicals for communication between the SPXes. 
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that extracts of glands from newly emerged female silkworn1 moths 

contained about 1.5 µg of sex phe1~omone per fem.ale which is a.bout, 

the sa.'llE.' order as that reported for the cabbage looper (Berger, 1966). 

Silverstein a.nd co-workers (1967) found 0 . .5 pg per female for the 

black carpet beetle while the sugarbeet wireworm beetle co11tained. 

0.1 mg per insect (Jacobson et al., 1968)0 --
l:1terestingly, as early as 1946, Kettlmmll s:peculated that only 

a small qua:.1ti ty of sex pheromone is manufactured by a fema,1e moth 

:1.t a time, the bulk of the material being kept in an inactive 

precursor state. This has proved to be correct with a number of 

insect species. For example 5 workers in Buteriandt's laboratory 

(c.1 ted. in Karlson and Butenandt, 1959) reduced an inactive silkworm 

moth extract with lithium aluminium hycir-lde and generated sex pher­

omone activity. Presumably the precursor was pres~nt as an ester, 

aldehyde or ketone. McDonough and co-workers ( 1969) released a.1-::ohol 

pheromones by saponification while Roelofs and co-workers (1969) 

increased, by one hundred-fold,the acetate pheromone content in 

oriental fruit moth extracts by saponification and reacetylation. 

Bierl et al., (1970) increased. the epoxide pheromone in the gypsy 

moth by epoxidation of hydrocarbons obtained from an extra.ct of 

females. 

A fasc:.nating discovery was reported. recently by Butler and. 

co-workers (1.972) who.generated the female pheromone (an acetate) 

of the Zebra caterpillar, Cera.mica picten, from the alcohol pre-

cursor in males of the same species. 

Sex pheromone production is closely linked with the maturation 

of the female reproductive system. Obviously for eggs to be fertile, 

females must mate before oviposition takes place and males must not 

mate until they are capable of transferring sperm to the females. 

It appears from the present studies that fell.ale pheromone production 
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rGaches a peak ju.st prior to ov5.positicn. For example, adults 

of the gum. emperor moth, f~nther_aeE:_ euctl;;:J.)t:L, begin to cut their 

W"J.y t.hr·o:.·.,_::h t:.eir cocoons at a.b:)ut 2.0 to J.O pcm. and emerge 

after 2.bout hal.1· an hour. Within a. few hours of emergence, the 

wing ca.ces have h2..r-dc~100 :w.fficiently for flight to take place and 

during the evening following emergenoe females begin to oviposit., 

?resum.""bly, the se;;: pheromone is l:i.berated more er less from the 

time the adult emerges to allow mating to take piace before ovi­

~..)sltion. The phero1,::me is do.f.ini tely pressnt in the f.ernale from 

this time for extracts of abd.ominal tips from fresh fe:."'.ale:; are 

highly attr.ctive to young males. This rosul"': is consistent with 

a 1·::po:..--~ by St.,3inbree~1t 0964) for the cloGaly related silkworm moth. 

He detected the sex pherom:me in female p•.:..p,1.e 5 da;-:1 before adult 

emergenc~ and for;.. -..d rr.3.Ximum quantities ~ t ~he time l'>f emergence. 

Silkworm moth females are cap.3.ble of mating within 112-lf an hour uf 

err.ergence. 

A similar situatj_on ·was also found. in this st--..:-:'J;y ,,.rith the 

common an.11.,vworm moth, Ps2udaletia cepara.ta. ,where ma.xi.i"lurn pheromone 

production occm"r-ed 2•->out 5-6 days after· final e~"3is ;ju.st riefore 

oviposition took place. The male of this species did not respond 

to the sex oheromone -..mtil it was at lea&-t. 5 .. 6 r;ays old when it 

1·7<tS suffich~1tly matu.re.. On the oi:-her hand the m''..-:.ive New Zealand 

annyworm, Persectani~ a.versa, conrnenced laying Pggs within 2 days 

of emergence and mating took place within 1 day of emergence. 

Shorey nt a,l., ( 19682.) noted that a rapid production of sex pheromone -- --
in females of seven noctuid moth species occu.rred within one day 

preceding emergence from the pup fl.. Many females of each of these 

species mate wit.i:iin br9 days and contain nm.tu.re eggs within three 

days after e...rnergence. Similar work on the stored beetle, Attar{enus 

megatoma, b;:r Burkholder ( 1970) :indicated. th:i.t fe-:i--nales were not 
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attractive until at least 24 hours after emergence. 

'l'he influenc.e of ma.ting on sex phc:ro:-none produc-~ion seems to 

deprnd on the f::.~equency with which a .. n i.nzect nia-Les. Fo1- e~.mple, 

if an insect mates only once, pheromone prod.:.ction in -~he fem.ale 

declines rapidly as is the case with the g<Jpsy mot!". ( Ccllin.s a.T1d 

Potts, 1932)~ In insects which mate more t.r..e..n once, pheromone. 

production is maint~1ed at a ~lightly lc-;.m:- levE::1 than -r.ha~.., pro­

duced by the virgiu fei11~.le. 'This -;.;as the case i.n the silkworm 1r..oth 

(Steinbrecht, 1964-), five noctuid moths (Shorey el:. c'l.3:., 1962:J.), and 

the pink bollwor111 moth (::JergPr et aL, 1']64). 

Data on thA stored product beetle, A-~tagen1!~ ~,gatoma, indic-

ated that ~h(-, female is somewhat less attractive 1 da-.:,· a!ter n,"'.c.il:~ 

ar.~ mu.ch l0se attract.i.ve 8 days a:·ter mating (Burkholder, 1970). 

How·3ll and T:.LOrp ( 197~) reported that vi:--,_;in fc,.i.1ale 1,;odling moths, 

~_d_i_a ...,:e_om_-_on ____ e_ll_a, were -'.about forty t:.i.mes as attra.ct:i v·~ as n:ated 

females i:rhich possessed almost no at-t:ract:!:\re,ne.:is. 

2.5 Hechanism i:,..nd di~tancLof sex ph~.;.~omone C'~tc.!!:t.ion. 

According to Dethier (1957) and Schwink (1~,58) when an insect 

responds to its sex pherom-one it is stimulated to orient upwind i.e. 

it undergoes anemotactic behaviour, and it will continue to fly 

upwind as L.,ng ae it receives olfactory stimuli. :rf it loses the 

odour, the insect ma!,..-}S a number of crosswind casts until it locates 

the odcur again, and once more turns and flies upwind. This 

mechanism for the orientation of a fly.jug insect to a distant odour 

has been tested in a flight tunnel using the pink bollworm moth, 

fectinophora _BOf;;s;ypiella, (Farkas and Shc:--ey, 1972). These workers 

found that air movement is not necessary f0r orientation to a 

distant odour source. Males appa.rentl~; sense the boundaries of 

the aerial trail extending from the source during their characteristic 

zigzag flights. This mechanism does not explain how· the moth 
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distinguishes the 11 upwincP1 from the 11downwind 11 direction, 

however. 

Communication distances a.'11•::mg insects in the field -1.re highly 

variable and depend on the release rate of pl1ero;none f'rom the female, 

the threshold response of the male, and the rate o:: pheromone dis­

persion in the movi.11.g a.ir mass (Sower et al., 1'}71). In gene:i:al, 

the function of th~ C8X pherom0ne is V) 1::,:d::g inse<:ts close enougL 

to see o:.-- touch on<:: another. E1.rly reports in the litaratur-~ indicat0(l, 

male insects could be attracted from long distances by the .r\*iale I s 

scent. For example, Jt:1O~ m for the gypsy· mcth ( Coil.ins and Potts, 

1932) and 2h(JO m for the a.ila.nthu.s moth, Philosc:rrri.a cynthia (Hecker, 

19 59). La:t.e1· work with other insects, however, suggtc;.Jts much :::hor ..... er 

dbtances. F~r examr,le, 15 m for the banded. cu.cumber heetle, P..tab­

rotica bal te.::.t-? ( Cutr.:->ert a.Y1d Reid, 1964) ~ 27 r" for t;he pasture 

cockl}hafer, Rhopaea m~@icornis (S(,JHoo and P.cbE:irte, 1965:; 60 m for 

the honey bee (Butler and Fairey, 19~4-); v.n.d 100 m for the cabbage 

looper ( Kishaba et aJ, • 19?0). It is ,i.'robable. in the early e>.1)erirt1e..'1ts 

ti;at males fortuitously reaci1ed points within a 100 m or so downwind 

of the female and then were attracted. 

2.6 Sex pheromone reception. 

The- tr;:insfer of chemical :l.nformation requires a chemical source, 

a, transfer medium (a:-.,· or water), and a receptor. In a revi0w of 

insect olfaction in 1880, Hauser reported that males oi' Saturnia 

Ea.vonia and Porthetria dispar never mat:-::rl when deprived of their 

antennae. Since then, antennae have been implicated many times as 

the principal site of chernoreception in i1:sects (J;:,cobson, 1965). 

The role of the anteru1a is well emphasized by differences between 

male a.nd female species of moths in thr➔ families Lasiocampidae, 

Saturniida.e and Bombycidae. Females in these families attract 

males from so:ne distance. They have small threadlike antennae while 
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the males have much More compl,:,,x, ,-rcll developed plumous struct­

ures o Thi& :increased surfa(!e area presumably enhances the rr.tE.le 

olfactory sensi ti-.ri ty ar:d allo~,;s the L,iles to locate females from 

a considerablE: dista.t1c1;;" 

The external se.,1se organs located on the ants~ma a.re called 

sensilla (Schneider, 1964-). T:b8 sen:cillum is a snec;.aJ.iz.od piece 

cf cuticle vn; h a rnit1iJnm11 of t.hrce cells where a.t least one is c. 

sensory neurone o:.r prim,:,.ry receptor cell. Schneider ( 1969) des­

cribed four types of SEnsilla (1) long. thick-wallcld hairs or pegs 

( sensilla t:cil.hodea) fo1.1.,1d in moths; (2) short t thin-walled hai:cs 

or pegs (sensilla basiconica); (J) plate~ (sensilla placodea) found 

in the bee and oth~r H;~o,lefa,pt.era an~ ( 4) pit pegs ( sen!"illa. c0eloc­

onica) found in Lepidopterc., Hyrnenoptera and many othe~ order1J of 

insects. '.!'~1e sell sill.a have been exam; ne:i undE.1 tr.0 electron micro-

scop,. and thG la.t'i:.~.r type c.--..n have between 10 and 30 receptor· cells 

while :.he iv!'Ill.:;1· types have between one and several. receptor cells. 

Tru:t,e sens:.~.la, the cuticular hairs, pegs and plates all have 

a pore-tubule system which connects the outside medium., air, with 

the hair 11":"'len and the receptor dendrite i.e. the .finely ramifying 

bra.11ches g~_,ren off from a nerve cell. Schneider ( 1969) proposed 

that this canal syst-:.m leads odour molec·des from the outside to 

the dendritic membra....,3 of the :.:-eceptor cells. In i;ests with radio­

active bombykol, the sex pheromone of the silkwonn moth, researchers 

in Schneider's group (1968) showed that the antenna of the male 

silkworm moth functioned as an effective molecular sieve which was 

capable of cl,bsorbing odour particles from the air stream. Further­

more, a sing:, e molecule entering a pore in the sensilla st:hnulated 

a single cell response (Schneider, 1969). 

Peripheral olfactory receptor cells ( pri.'11.o.rJ neuronc.3) ey.hibi t 

two types of electrical respo'nses: a slow local receptor or generator 
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potential and trav-e1"!.ing nel".re imp-.:ilses of the 11on 11 or 11off 11 typo 

in which the ner-'.re fibre gives either maximum response or no re-

( •~ '- .d 1°6'9' sponse .,c,me:i. er, /-. ,, . '1'hc- ovoraJ.:L slm, react.ion in the imtenna 

has been called the ele~troantennogra.m (Ei\G) (Sch..'l"le:ider, 1957) and 

is compoi,ed of the r'?'ceptor potentials elicited sitrmJ.tl9neously in 

many olfactory sense cells. T~~se p~t0ntials can ½e recorded by 

i~se~ting one electroda near the tip of the antenna cmd another 

electrode at the base. 

- 'In order to gain eome in.sight into the function of the olfactory 

receptor cell, ext:racelJ.ular recordings from singl~ s~nsilla have 

been made (Horita and Yamashita, 1959; Boeckh et a\., 1965). In 

these tests, simul tar.;~ous re~ordings of receptor potentials and 

nerve impulsea were obtain,3d by lll',erting the recordinb elect:.·ode 

~.nto a hair sensillum of the antenna c..,d the i.~lifierent electrode 

in the haemolymph ~pc,.ce of '..,h0 a.'l"ltenna. Normally 'l,,.'ith this technique, 

generator poteat~als of neighboring neurones of th~ same sensillum 

are also obtainE:rl, b11t t.l1e impulse amplitudes of the cells are 

sufficiently differe:,t to r1ifferentiate between the c.::11s. '.!.'.he 

impulse re~~onses observed ar:e normally of the phasic-.tonic type 

i.e. the rc,~eptor cells respond to the stimulus with a transient 

:'hase of very high f.1·equency followed by a steady ~tate low fr(-J•• 

quency. 

Studies of this riature have indicated that while all olfactory 

receptors respond to a spectru..'ll of compounds, many are specialized 

for the detection of food and pheromones. Speciaiized receptor 

cells respond strong:1..y and specifically -f:-, the sex pheromone and 

have been foc1d in males of the silkworm moth, B. mor:5:., the saturnid 

silkworm, Antheraea pernyii, and the drone of the bee, Apis melli­

~ (reviewed by "Boeckh et iU•, 1965). 
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Receptor potentials a.re imbject to a membrane process kno.,rn 

as defac:Uitation and .facilitation (Bullock, 1959). ):"or example, 

when th~" Et\.G of IJ~:10r-\ wa.s reco:i~ded using successi vo puffs of 

sex pheror,1one 1 t,1e reco:cded. potential showed a decreD.sed amplitude 

with each successive stimulation. This is termed d~.facilita.tion 

ru:i explains the behavi~urial pattern of less of ma.le response to 

contie,.ed pharomon 1J eXi,lQSUr6. 

In ex·.:.:.."acellu..la:i.' record.:L.7.gs with different stimlJ.li, op!.>OS).te 

!JOlaric.ies have been generated in the olfactory receptors. Excit~ 

atory odour stimuli I such ~~s sex pheromones I caused an ~ .... 1cre~se in 

nerve impu.:'Je frequency which was accompanied by a slow negat~ve 

por.:;nt; al at the recurdir..5 electrode. C'n -i:.he other hand, inhibi.tory 

stimuli induced a positiv,1 pote;~tial wit:,., :;. decrea"!e in impulsEi 

frequency (Boeckh, 1965; Boeckh et al.. 1965j Morj:~a. and Yamashita., 

1961; Yamada, 1966). With a view to understanding -i~he mechanism 

of odour discrimination int.he central nervous syste:..rn of insects, 

Yamada ( 1971) recordei e:.::.traceL1ular action po ten t-.i aJ.s from single 

cells in the olfactory lobe of the American cockroach, Per:Lplanet13;_ 

americana.. For this purpose a glass capiJlary electrode was in­

serted into the dorsal sensory neurone area of the olfactory lobe. 

Two main gr?ups of SP-condary neurones wer,3 d1.s~ ... inguished, odour 

specialists and odou= generalists. The latter celis responded 

to a large variety of odours in an excitatory or inhibitory manner 

or not at all. The :c'eceptors had constant, overlapping, but 

highly individual re.!lction spectra. It is possible that the mechanism 

of odour en.coding a.t the olfactory lobe involves linear combinations 

of every neurone 1 s activity resulting in an odour coding pattern 

being received i;.1 the brain. 
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2 , 7 Sex pheromone perception. 

There are a nurn.ber of theories to describe the mechax1ism by 

,,r!.lich in~-ects perceive odours. ?01ost of these a.re unsubstantiated 

but two rc:;c.mt ::.heoriest the Dyson-1:Iright vibration theory (Wright, 

1966) and the s+.,er1:,ococ:r1ical theory of 1-J.oncrieff-Amoore (Amoore, 

lOcJ+) 1-.~ve been subjAotr-Jd to experirnental evaluation. Tho former 

theory atte:npts to correlate vibrational freque::1e;ies of a m.o'lecvJ.e 

:;.n too far i.r. region (500-50 c£n-1 ) with the quality of oduur, 

\.,hiJe the latter thec;ry correlates the odour qi..lalities of molecules 

with their size and shape. Blum and co-workers (1971) s0l~cted. the 

alarm phero.,rone of R_oi;onomyrmex workers, 4-mcJ~.hyl-J-heptanone, to 

evcW..ua~e these theor:;,.es. Deute:ration of this molecule shifted the 

far i.r. absorption bands significantly t·.1t the a.c:..-1.vities of the 

deuterat<>d keton<:1,1 rc..:nained the same aE theh' v.ndeut.erated r,:,:-ecursors. 

On the other hand, 4-methyl-3-hexanone was as activ<, as the na.tm~al 

pheromone, and the mr-c;t active of the IJheromonal surrot1:ates w:i,re 

those that possessed a geometry and size similar tc ;j-methyl-3-

heptarione. These result~ were 0onsistent with the mechanism of 

olf action where ooour molecules f'i t into one of a ".:•JIUber of r,.lfactory 

receptors each of which is identified with a certain primary odour. 

Roelof~ and Comeau ( 1968, 1971 a, b) ~ou.Jd ~1ot correlat8 mole­

,:,J.lar shape 't-li th the type of activity. They propo;: ad an extension 

of this theory to describe the synergistic and inhibitory phenomena. 

that they observed in the field with a number of compounds closely 

related to the sex ph0romo:rie of the red-banded leaf roller moth. 

Their data ~mpported a mee;hanism of perception in which the sex 

pheromone, a chemical with the correct spatial arrangenient of active 

sites, possessed the affinity and intrinsic activity for the rccepto:::· 

site proteins to elicit proper behavioural responses. Closely 
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related j_nhibitoiy compounds, which did not display intrinsi0 

activity by attrQ.cting r.w.1es, apparently posst➔ssej a strong affinity 

for ths receptor sites and modulated t>.e SE'.nse,-r~- i•rput l:iy c:.1.us:;.ng 

central nervous syste.'11 habituation. Synergiatic c:-,err.::..cals were 

rega:rdc-xi as ha,:ini a reckced a.ffini ty r;nd no mocU . .f;-;ing effect on 

the receptor sites which allowei them to equilih:rate re~l;y ·i.1ith 

pheromone molecu.les. Thus, inr..i1..)itors wc,_.e rega:, d.r->d as ~orrt!)OUnds 

wr.a.ch acceleratGd th? rate hahitue.t1.cD of receptor sites, while 

s;ynergists modii'iad the central nervous syst~rn. ~..1~put trJ slm-i the 

rate of habituation. 

I11 the E!i.G studiee CB.:r:ried i>ut by Roelr;fs and Comeau ( 1971 b), 

the syn erg~ sts and inhibitors elici tel a range of resror.,::: es of 

lower ~_:mr.< .. i +.ude than that of the ,-:.ex pheromone ifaelf.. TM.s was 

corisistent w~.tb t.r-e protein receptor mode:.. for pher-::-.m:--~1e p(:;.1."'cept:.i..vn. 

Recordings from single c.alls, howe,, 3r, :::.n wh:ich the t-::f f ec ~. of syner­

gists and inhibitc:---s on ::erve i".:1puls.;s could hav<:.: teen investigated, 

would have provided r .. :,re !::asic and coriclusive info:i·m?::ion for this 

theory. For ex.ample, Schneider (1969) demonstr.:..ted '..,he inhibitor.r 

effect of the oil of cloves on single receptor cells int.he male 

antenna of Antheraea pernY!_, by the polarity reversal of the DC 

potential aY1.d the dep.cession of nerve impulses dur1. .1g the period of 

st:irim.J.a.tion. 

In accordance with this theory and the mechanism ,,,f chemorecept­

ion, discussed in Section 2.6, the overall process of sex pheromone 

perception would involve the penetration of molecules through the 

pore-tubule system of the sensilla and into a thin layer of fluid 

to reach the dendritic endings of the rece~tor cells. Chemical 

transduction in the receptor membra11e would then result :1.n a gener­

ator potentia..1 to modulate the firing rate of the axons, which carry 

the nerve impulses directly to the central. nervous system. The 
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mechanism o.f chemical trMsduction as outlined by Roelofs and 

Comeau ( 1971a) could involve flexible membrane proteins which could 

assume various con.forrna.tional states. Interaction (hydr:>r,hobic, 

eydrophilic a.."'ld electrostatic bonds) of a compound ·wj_i, h. certain 

segments of the proteins would effect confonna.tion,,,l changes in the 

proteins as they 11wrap around" the interacting molecule. These 

changes could then trigger the nerve j.mpulse-prod.ucing mech".!nisms. 

Recently, J:<""'erkovich and co-wo:..~ker-s ( 1973) measured the binding 

of the cabbage looper sex pheromone to soluble antexmal protein and 

they found that the boun3. sex pheromone was enzymatically hydrolysed 

to the corresponding alcohol. The alcohol inhibits respor~se to the 

sex pheromone in the field and perhaps enzymatic hydr0lysis if:.: the 

mechanism v,id.ch regulates adaptation in the neurone and/or is a 

meano of inact::i.vatinr; the pheromone to pr-3pare the dt-ndrittc receptor 

membrane for subsequent stimulatioe. 

2.8 Sex pheromone specif.;city. 

In nature, interspecific mating with clo~ely related insect 

species is not a no1'mal occurrence for there is generall/ sufficient 

differences in courtship behaviour, circadian rhythms of activj,ty, 

seasonal cycles, host plant selection, and geogi-ct.pl:ical distrib-

ution to effect reproductive isolation (Marler a.no Hamilton, 1966). 

1'he high specificity of sex pheromones in attracting only one species 

is another mechanism by whtch cross mating is prev.:mted. An example 

of this high specificity was demonstrated in studies with disparlure, 

the sex pheromone of the gypsy moth, and fifty closely related. com­

pounds. Disparlure was at least 100 tirnes more attractive than 

any other compound tested. Moving a. methyl group to an adjacent 

carbon, shortening or lengthening the chain by a methylene group 

or shifting the epoxide to an adjacent pr~sition considerably reduced 
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act1.vity (Adler _et al., 1972b). 

Early physiological studies by Schneider (1962) indicated t~at 

sex phero~ones were not completely species-specific, and that there 
- . . • 

was an overlap between related species. Th.ls is certainly the case 

for many sex pheromor.es of the Lepidoptera that have been "identified. 

For instance, Berger and Canerday (1968) dem1onstrated in laboratory 

stud.ie~ with five species of Plusiinae moths that cis-7-dodecenyl 

acetate sti!.m.lated sex pheromone responses. Subsequently, P..oelufs 

~nd Comeau (1970) in field studies with this compoW1d attracted. 

eleven species of Plusiina.e moths. In this same study, fi.ve moth 

species in the subfamily Hadeninae were attracted by cis-11-hexa­

dei;,myj_ acetate. In the Holomelina aurantiaca complex, eight 

sibling species were attracted by 2-meth.,vJ. heptadecane {Roelofs 

and (;a.rde, 1971). Differences in habitat prel'eren~e and seasonal 

flight periods isolate some of these sibljng species but seconda.1~y 

chemicals were also suggested by field studies. 

The function of secondary chemicals in specie.s isolation could 

be to either enhance the attraction of the sex pheromone for one 

species or negate the attraction for a second species. For example, 

Roelofs and Comeau {1971a) demonstrated in field tests with cis-11-

tetradecenyl acetate, the sex pheromone of the red-banded and 

oblique-ban5.ed leaf roller moths, that dodecyl acetate acts as a 

synergist.for the foniler insect and an inhibitor for the latter. 

A similar situation exists with the European corn borer and the red­

banded leaf roller moths which ostensibly use the same sex pheromone 

and. are both attracted to it (Klun and Robinson, 1970). Neither 

female species attracts males of the other species and presumably 

inhibitors are involved in the process. In a further example of 

this phenomenon, the Indian meal moth, Plod.ia interpunctel.l.a, and 

the almond moth, Ephestia. cautella, both use the same sex stimulatory 
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compound, cis-0 9, trans-12-tetradecad.ienyl acetate, but in the presence 

o.f the former species, male attraction to females of the latter 

species is strongly inhibited (Ganyard and Bra.dy, 1971). 

Secondary chemictl~ present as host odours, as in the case for 

the bark beetles (Renwick and Vite, 1970), could aJ.so be important 

for reproducti-ve :5-solation. The implication here is, that beetles 

using the same, sex pheromot!e ~ould c'.~hieve specie& isolation by 

mating on different host trees. 

Inhibitory effects of geornetrical isomers have been verified. 

for several species of in2ects and may also play a role in i..11.ter­

spacific communication. Roelofs and Comeau (1969, 1970), for 

ex.ample, reported the situ~tion cf "t:ro sibling species possessing 

similar seasonal and diurnal cycles in which one, Brytopha similis, 

was attracted to cis~9-tetradeceny::.. acetate and the other attracted 

to th~ trans isomer. The wrong isomer was not only unattractive, 

bn.t ac+.ually inhibitcry to males, so that neither species responded 

to the sex pheromone in the presence of the geometrical isomer. 

Multiple pheromones may also be important in µreventing cross­

attraction in nature. For instance, the suramer fruit tortrix moth 

is only attracted with a mixture of two compounds,cis-9-tetradecenyl 

acetate and cis-11-tbtradecenyl acetate (Meijer et al., 1972). 

The multicomponent sex pheromones of the ~ark beetles reported by 

Silverste~•s group {1966) and Renwick and Vite, (1970)and the cotton 

boll weevil (Tumlins0n et al., 1969) illustrate the synergistic action 

of several compounds in the sex pheromone process. 

2.9 Principles of bioassay methods. 

Laboratory behavioural bioass~.ys are based on sexual stimul­

ation and compounds that perform this function do not necessarily 

attract instcts in the field. Ideally, therefore, laboratory 
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b:i.oassays should be complemented with field bioassa.ys. In the case 

of the univolitine (1 flight/year) grass grub beetle, all attempts 

at mass rearing have failed. This meant that the sex pheromone 

studies were restricted each year to a 4, to 6 wegk pe:-.i.od when the 

beetle was present in the field. 

Shorey ( i9'?0) reviewed the important facto,:•s in the .levalopment 

of a reliable, quanti+,ative laboratory bioassay for sex ;:;he1'0mones, 

In developing laboratory bi.oassay methods a knowledge of the insects' 

mating behaviour in the field is an obvious adva."1tage. Thus, factors 

such as time of mating, duration of mating activity, an~ age of males 

and females when mating occurs are important. 

In behavioural studies with the pyralid moth, Dior;y:~tria 

~l:?.ietella, Yl\ating behaviour was i."1fluenced by i,-i~ua.l and possibly 

auditory stimuli in combination with the gex phero~orie (Fr .. tzingc.!' 

and Asher, 1971; Fatzinger, 1972). On the othe1' h2nd, Ba-rtell and 

Shorey (1969b) sho~ed th~t the ~equer.ce oi the res~-0nses of male 

Epiphyas postvittana to t~e female sex. pheromone dGpe~ded on the 

pheromone concentration. Low pheromone levele induco3d antenna.l 

elevation while successively higher levels induced.-fligh~ 1 upwind 

orientation, and copulatory movements in males. 

Most insects have a diurnal rhythm or "internal clock", and 

mating, feeding, etc., take place at definite peri~ds during the day. 

The importance of this factor was clearly demonstrated in the study 

on the grass grub beetle where consistent bioassay results could 

only be obtained in the laboratory for a few hours after dusk - a 

period when mating occurs in the field. With some insects it is 

possible, by altering their light-dark regime, to change their nonnal 

diurnal rhythm. This technique has been applied successfully in 

many sex pheromone studies. 

The author has been able to use this technique with the two 
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ann;vworm species, Pseudaletia ~arata and Persectania aversa, 

that have befa"1 studic--d.. These moths normally mate between 10.00 p.m. 

and 2.00 a.m. (Clearwater, 1972) but by altering their light-dark 

pe~·iods it has been possible to stimulate mating behaviour at more 

convenient times; for P. senarata between 8.00 a.m. and 11.00 a.m. 

end for P. avcrsa between 10.30 a.m. and 1.00 p.m. 

I~sect sex pher.:,mone studies have mainly been carried out with 

insects in t.he order Lepidoptera. This is pr-obably due to the facts 

that :moths generally show classical mating behaviour in the lab­

oratory and can be mass reared which ensures a large and continuous 

supply of biological :,1aterial throughout the year. 

I~ laboratory bioassays of insect sex pheromones in the 

Lepidoptera, various behavioural responses have formed the basis 

of t~---3 method and have included: activation from rest of 'l'richoplusia 

ni males (Sl-1orey et al., 1964), upwind orientation in an airstre~m 

containing the pheromone and approaches to the pheromone sour,~e by 

Prodenia litura and Agrotis ipsilon (Flaschentrage~ and Amin, 1950), 

dances of Bombyx mori (Karlson and Butenandt, 1959), and copulatory 

movements by Porthetria dispar (Block, 1960). 

Many investigators have observed that male insect response to 

a pheromone source lasts for only short periods anc. decreases with 

repetitive tests. Ideally, therefore, behaviourai bioassays for a 

group of insects should only be carried out once a day, for insects 

readily adapt to the presence of the sex pheromone. Shorey and 

Gaston (1964) demonstrated adaptation in the cabbage looper moth. 

At 60 minutes after a. brief (30 sec.) exposure to the sex pheromom:i 

equivalent :.o 0.1 female, the moths required a ten-fold higher sex 

pheromone concentration to induce 50 percent of them to respond, than 

did males that had not been exposed previously. Adaptation to the 

sex pheromone was not as apparent in the elaterid beetle, L. calif-
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o:micus (Lilly and McGinnis, 1968) for males continued to display 

strong sro..."l..l.al activity when the inter,ra1 between tests was reduced 

to half an hom~ but not when reduced to 10 min. 

Chemicals or extracts to be tested for activity i~;~y ·be pres­

ented to the in3ects in ve.rious wa;ys, such as from a glass· rod, 

(Onsv.ger et aL ~ 1968; Casida et al., 1963), from a, medicine 

dropper contaminated ~ri th the sex pheromone (Berg,Jr, 196G; h'u.tt and 

Ha tha.w ay, 1966) and f:,.~om fil tcr paper, oot ton wick or other absorbent 

source (Barth, 1961; Gary, 1962; Ouye and Butt, 1962; Shorey, 1966). 

Reports on the occurrence of sex pheromones within the order 

Col8optera are not as widespread as those i.., the order Lepidoptera. 

Laboratory bioassays for beetles have mainly depended on aggre~ati,.m 

to active e::::tracts on filter papers and observations of sexual re­

sponses which normally take the form of c=>pul.atory at-l:.empt:3 with 

one another. This was the case for the sugar be,at wirewo!'lll, Limonius 

californicus, (Jac0bson 

inclusum, (Rodin et a~., 1969), the bol1. weevil. Anthc:·.'lmus grandis, 

(Tumlinson et al., 1969) and the black carpet b~etle 5 Attagenus 

mega.toma, (Silverstein et al., 1967) Q 

In studies with the cigarette beetle, Lasiod.enna serricome, 

Burkholder (1970) found that males exr..i.bited a strong response to 

the fe..rnale odour in e. Y-tubc olfactometer. In thL, same study, 

males i.n a multiple choice olfactometer demonstrated a sequence of 

antenna.l elevation followed by extension of the pro- and mesothoracic 

legs. Leg extension preceded rapid zig-zag locomotion toward the 

pheromone source and finally copulatory attempts were ma.de with 

nearby males. 

Most of the bioassays of the bark: beetle pheromones have been 

based on walldng responses (Wood, 1970) • In the bioassay used in 

the pheromone studies of Dcnd.roctonus psoudotsuga~-• beetles walking 
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toward a light passed into a narrow air stream.. If the air st:r•ea.n 

containe.d a:n attractive substance, beetles oriented upwind (Borden 

et al. , 1968b) • A slight variation of this met hod was ..:sed with 

Trypodendron lineatum (Borden et ~.l., 1968a). 'l'he oJ~i'actometer 

consisted of a runway containing a perforated are['. underneath which 

the test substance was placed. Beetles, attracted initia.lly to 

a microscope light, were observed .for arrestrne..nt a.,d turnir:g reactions 

whe.n they moved. over the perforated. area. 

Bioassays based on sexual stimulation need to bP. used in con­

junction with field tests for they do not necessarily lead to the 

sex pheromone used by the female in nature. For example, Meijer and 

co-workers ( 1972) isolated two un saturated acetn.tes .fl:'OU! the ~-·,.;;;ia~• a 

summer fruil:. tortrix moth both of which acted as sex stimulants in 

the laboratory. In -1:he field, however, both compourds were inactive 

unless they were combined.. Simila!" situations ~xi~ .. t for the southern 

armyworm moth (Redfern et al., 1971), the fall annvworm moth (Jacobson -- ~ 

et a.l., 1970a), and the pink bollwonn :noth (Jones an.i Jacobson, 1968). 

Thus, attraction in field bioassays is the ultimate criterion in the 

identification of sex pheromones. 

A m~re objective laboratory bioassay method is the electro­

antennograrr1 ( EA.G) method perfected by Sclmeider ( 1957). Since 

receptor cells on the antennae may respond to odom·s other +.ban the 

sex phero~one (Sclmeider, 1969) the EAG by itself does not give inform­

ation concerning the behaviour that will follow the response but it 

has proved extremely useful in complementing behavioural work (Roelofs 

et al., 1971b). 

In some cases where the insect cannot be reared in the laborat­

ory or it simply does not respond w1der artificial conditions, bio­

assa.ys have to be carried out under field conditions. Complications 

in fie.ld bioassays may involve the absence or presence of secondary 



31 

chemicals (to a.ct as synergists or inhibitors) and the rate of 

volatilisation of the pheromone (Kaee et al., 1973). Such factors 

can be cr.l.tical in obtaining catches in baited traps. For example, 

Gaston and co-workers (1971) demonstrated that the number of cabbage 

looper moths caught went thr-ough a maximum as a function of the rate 

of evaporation of the pheromone. 

2.10 Fa.ctors influencing eleetroantennogra.ms (EAG I s) in insects~ 

The electroantennogra.m (EAG) teclmique measures gross sensory 

responsiveness to odours at the a.ntennal level. Thia has been used 

in sex pheromone studies ma.inly to complement laboratory behavioural 

studiro::;. Measura"Tlent3 are made on either intact (Boeckh et al., 

1965, 1970; Payne et al., 1970) or excised'antem1ae (Roelofs and 

Come;..,-., 1971a, bi Sclmeider, 19 57). In the 1~ t ter :.,;ase, the useful 

life Spa!, of the preparation ranged from 10 minutes to several hours 

while in the former case, measurements have been made for much 

longer periods without a deterioration in response. 

The electrodes ar.e nonnally placed between the base and the 

tip of the antenna and consist of either glass capillaries drawn 

to a fine point (20 pm) and filled with electrolyte, or tungsc:.en 

wire electrolytically polished to a tip diameter of 1-3 pm (Hubel, 

1957). The EA.G measurements are generally obtained by pulsing 

purified air over pheromone-treated filter pa.per,held in a cart­

ridge, and on to the antennal preparation. The signals from the 

antenna are normally amplified 200 to 300 times and then fed :into 

a storage oscilloscope or high speed chart recorder. Adlar (1971) 

indicated t~·J.t in order to obtain reproducible EAG' s the following 

conditions were important: 

(1) the length and inside diameter of the cartridge holding the 

treated paper 
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(2) the distance from the outlet end of the cartridge to the antenna 

(3) the approximate position of the treated paper in the cartridge 

(4) the size and type of filter pape:::- used 

(5) the type of electr:-des and electrolyte used a.Y1d 

(6) the flow rate of the air stream. 

The variation in respc11s0 with an tenna.l length has been invest­

igated. for the rE..<l-banded :!..eaf rolle:;r (Roelofs ana Comeau, 1971b) 

and the cabbage looper moth/J ( Payne et a"i • , 1970) • In the fol"IDer 

study, maximum voltages were obtained. by cutting the excised male 

antenna near the third distal segme."1t and lower responses were 

obtained with shorter anten..'1.al lengths. On the otiler hand, Payne 

et al., (1970) obtained no respc;~se ,dth the .first flagellar segment 

of male cabbage looper ante."'lnae, presuraably due to the lack of 

sensilla tri.choclea o:ri. i-.hat segment, but equal response from other 

segrne"l ts n.long thE: a...~te."'lna. 'fhese workers also found that while 

a/;e, ligtit .inte."lsity, a..'1d time of day, exerted a considerable in­

fluence on the behaviou-al response of' ma.le moths, the EAG responses 

were independent of these variables. 

Normally, a maximum amplitude of response is reached as the 

quantity 01 pheromone on the paper is increased. This phenome'lon 

may be due to antennal adaptation and/or the saturation of' the air 

within the cartridge at high concentratic,i1s, which would mean that 

increased concentrations would have little ef'f'ect on the number of 

molecules in each puif. Kaissling (in Schneider, 1969) obtained 

a curve without a plateau at high concentrations by standardising 

his results according to the number of molecules absorbed on the 

antenna and by eliminating problems due i,o antennal adaptation. 

The shape of the EAG is determined by the rate at which the 

trace returns to the baseline. Various shapes have been observed 

with different chemicals and.these may be important in tenns of 
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pheromone of the red-banded leaf roller moth exhibits a sharp spi,ke 

and. a m,:;.:iera te1y f e.st return to the baseline while the geometrical iso­

mer, which inhibits responsei does not produce as sharp a. spike and 

the trace returns to th0 baseline at a much slower rate. ·contrary to 

tilis si tual:.:i.on, ho"rnvm·, the EAGt s of natu.rally occurring sex pheromones 

norma:ay 2-r-e characterised by a slow recovery back to the baseline. 

Exte1wive use -was made of the E.A.G technique in the identific-

"' ... tion of cis-9-dodeconyl acetate as the sex pheromone of the grape 

berry moth (Roelofs et al., 1971b). In th.is study, the GC retention 

times of the sex pheromone were determine:<l by injecting crude extracts 

on to ~'Olar and non-polar columns, collecting the GC effluent at 1-

minute intervals Ill cB.pillary tubes and C:etermining the tube (or tubes) 

whi.t;~l ga_ve maxi.mu.in a.YJ.tennal response. The EA.G's of the tubes were 

measured by passing t ml of air through the tubes a.."ld into an ai1· stream 

pR.ssing over the antenna. The identification of the pheromone dependec. 

heavily on the fact that closely related geometrical and positional 

j_somers gave greatly reduced responses and the GC retention time of the 

acetate giving the rnaximwn antennal response was precisely the same aR 

that of the natural sex pheromone. 

Provided model compounds are available, the great advantage 

of the 9cft.g:,_G procedure is that only small nu."llbers of males and 

females are requirede • :F'urthermore, the EAG assay can be used to 

detect other compounds such as inhibitors and synergists (Roelofs 

and Comeau, 1971a) that have activity on the antennae but do not elicit· 

behavioural responses in laboratory bioassays. 

In general, the strongest EA.G responses are obtained with 

comI=,Ounds which o::orrespond to the natural pheromone (Boeckh et al., 

1965; Sturckow, 1965; Roelofs et al., 1971b; Adler et al., 1972b) 

while closely rela.tcd positional isomers of the same carbon chain 
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compounds with the same functionality. 

For !>lli.~romones which are doubly unsaturated, E.\G tests with 

mono-unsaturated comp-ol.lllds can sometimes be used to predict the 

position of the double bonds in the aliphatic backbone. For 

example, the natu.r8l sex pheromone of the al.mond moth is ~-9, 

trat1s-12, -tetradecadienyl acetate and maxi.rm.un respo!-.ses were 

obtained on the male almond moth antennae with both trans-12, and 

cis-9-tetradeceny·l acetates (Beroza, 1972) 6 Similarly, the silk 

worm moth pheromone is trans-10,cis-12-hexa.decadien-1-cl and both 

i~-10;and cis-12-hexad.ecen-1-ol gave stronger .responses than 

the recpective geometrical isomers (Roelofs et al., 1971a). --
Within the Coleoptera, EA.G studies have been carried out for 

a few bark beetle species (Payne, 1970) and the se&:-ab beeUe, 

Popillia japonica (lciler and Jacobson, 1971; Adler, et al., 1972a). 

In the former study, E.~G tests were carried out to test the respon~as 

of adult male and female Ja.panese beetles to their FJY.tracts. The 

heads of the beeUes were remov,.Jd and one glass capillary was inserted 

through the occipital foramen and the other into the hinged area 

between the large and the middle plates of the lamell.ated antenna •. 

Beetles aged 1-2 days were used in the tests whi.ch indicated that 

both male anJ. female adults had a larger EA.G responfle to the ma1.e 

extract that to the female extract. The low responses of males to 

the female extract may have been associated with the fact that 1-2 

day old females were used. Goonewardene et al., (1970a) found,for 

example,that females influenced trap catches at about 10 days after 

final ecdysis. In the study by Adler and co-workers (1972a), the 

magnitude of the EAG responses of the Japanese beetle to attractive 

and unattractive chemicals paralleled captures of the insects in 

field trials except that the individual chemicals e.g. phenethyl 
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propionate, phenethylbuty.t·2.te 1 methylcyclohexane propionate or 

eugenol, also elicited large responses. 

2.11 General procedures .for extnctin61 isolating, and 

identifying sex pheromones 

The methods for isolat:-..on and identification of some of the 

lepid.opterous sex pheromon.,,s !'lave becm reviewed. rc~ei,tly by 

Jacobson (1970) and Beroza (1S?2). Most of the techniques discussed, 

however, can and have been used in sex pheromone studies of beeUes. 

Sex pheromone glands of insects are usu.ally found in the ab­

dominal segments and activity is lost soon after m~ting. Normally, 

therefore, virgin f ema.les µr3 usP.Ci an.d only the abtlo11dnal tips 

rather than whole insects are extracted. Such a step represents 

a worthwhile purification fo~ Gast~n and co-workers (1966) have 

shown that ether-extractable material in whole cabbage looper moths 

an;o1mts t.o c..bout 4%,;.rhereas, ether-extractable mate:i.'ial in the last 

two abdominal segments amout.s to only 1t of the whnle moth weight. 

Extraction of sex pheromones by maceration of abdominal tips 

has been carried out with ~ variety of solvents. Lipophilic solvents 

have been ucled successfully to extract the sex pheromones of the 

gypsy moth (Bierl ot ~l., 1972), the black carpet beetle (Silver­

stein et al., 1967), the western pine bee+.le ( Silverstein et al., 

1.968) and a dermestid beetle (Rodin et al., 1969). More polar 

solvents, such as diethyl ether and methylene chlo:i:'ide, are probably 

more efficient solvents for extracting pheromones and have been 

preferred by many investigators. Roelofs and Feng (1967) found 

that extracts of the red-banded leaf rol:!..ar moth prepared with these 

two solvents were equally attractive to males whereas extracts pre­

pared with acetone, benzene, chloroform, methanol,or 95% ethanol 

were less attractive. Read (1968) extracted the sex pheromone of 
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the false codling moth with an initial ethanol maceration followed 

by the addition of water and p;1.rtition into cyclohexane. In the 

isolation of the southern armyworm sex pheromone, however 9 (Jacobsor1 

et al., 1970a) methylene chloride was preferred to etlkIDOl because 

et:b.yl esters formed during extraction with the latter solvent made 

subsequent pui-i.fication steps difficult. A major problem j_n ex­

tracting pheromones by solvent ma.ceration can be the co-t:;xt:r•action 

of lipids, storols, etc., which mask or prevent the evaporation of 

the pheromone in bioassay tests. This was overcome in Read 1s study 

by column chromatography of the crude extract. A gai.11 in activity 

of two orders of magnitude was also obtained during the first puri­

fication steps of the Indian meal moth pheromone (Dahm ei al. , 197;_). --
Surface rinsing, rather than maceration with solvents, has also 

been used for pl1eromone extraction and m&.y be a methcd of obviaiing 

masking problems, for fewer co-exti·actcd impuri tie3 would be 

expected with this technique. 

Sex pheromones nave dso been reC"0vered from an .::.ir stream 

which is passed over virgin females and into a cold ·i:.rap, a 

liquid, or through an adsorbent (Yamamoto, 1963; Jones~ al., 1965; 

Silverstein and Rodin, 1966). Advantages of this method are that 

the only contamin:mts are other volatiles and the process can be 

carried out througho-:.:.t the life of the insect. Si:i.verstein has 

pointed out, however, that oxidation losses can occur and recovery 

by aeration is only feasible for compounds more volatile than meteyl 

myrista.te. Pheromones have also been recovered~✓ solvent extraction 

of filter papers on which virgin insects have been held (Brady et 

~~•, 1971a),from frass (Silverstein et al.~ 1966, 1968),and faecal 

material (Tumlinson et al:•, 1968). 

Initial concentration steps are usually gross ones to remove 

the large bulk of co-extracted material. The methods include solvent 
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partition to give neutral, alkaline or acidic .fractions, precip­

itation of inactive fats and v.'B.X.es from methanol or acetone at 

=20°c, gei filtration, steam or vacuum distillation. The technique 

of precipitating fats and waxes has been used in isolation studies 

on the pink bollworm ,,-:oth (Jones et al., 1966), the fall armyworm 

moth (Sekul and Sparks, 1967), the false codling moth (Read, 1968), 

the eo1,1~hern armywonn moth (Jacobson et ?-1., 1970a), and the Indian 

meal and the &.lmond moths (Kuwahara et al., 1971b). Gel filtrati,on 

c,,1 Sephadex LH-20, a bead-formed dextran gel resistant to organic 

solvents, has been used for the Indian meal moth (Dallill _et~., 1971) 

and the swnmer fruit tortrix moth (Meijer et al., 1972). In the 

latier !-;tudy, high pressure liquid chromatogra.ph,.Y was used as the 

next concentration step and gave a fraction which had only two peaks 

on suosequent analyses by gas chromatography. Stearn distillation 

was used as an initial purification method for the boll weevil 

(Tumlinson et al., 1968), while short path high vacuu.."ll distill.a tic~ 

on to a cold finger fllled with dry ice is an initi~l c0nca~tration 

method used consistently by Silverstein's group for bark beetle 

aggregation attractants. 

Further purification of an active fraction can be achieved by 

column, thin layer, and paper chromatography. 'l'hin layer chromat­

ography· give3 a resolution of compounds which is cc~parable to paper 

chromatography and superior to column chromatography. Thin layer 

plates can be developed much faster than paper and can tolerate 10-

100 times more material. In column and thin layer chromatography 

the usual adsorbents used are either silica gel, Florisil, or 

alumina. A.Ll these concentration steps result in pheromone loss 

due to adsorption effects. Gaston and co-workers (1966) showed. 

for example, that only 70 percent of the cabbage looper pheromone 

could be recovered from silica gel by elution with ether. Read 
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(1968) tlso had this difficulty and removed the pheromone activ:i.ty 

from silica gel by steam dist.illa.tion. 

The fina.l purification ste.p normally involves the use of gas 

chrom::i:tography ,-,here an active component is collect~d ... n a polar 

stationa:r,r phase followed by re-injection and collE:a-::tion ff'om a 

non-polar stationJ.ry phase. As insects are extremely sensitive to 

their sex pherm,1ones. the preseJ1ce of very small amounts of' highly 

active impuriti€s in the GC fr:1.ctic,n is an ever present. hazard which 

could lead to erroneous conclusions. Normally, therefore, the 

activity of the isolat1::d component is checked on at leaet four 

different stationa,ry phases of different polarity and selectivity 

(McDonough et al., 1972; Bierl et a.l., 1972). Gas chromatograpizy-

on open tub1..J.ar or capillary columns can also be used to determine 

purity. 

Various methods have been used to trap sex phe~omonee in gas 

chromatograph e.ffhients. Bierl and O(i..;wor1,~ers (1972), for example, 

use a ga.£.• chromatogr2.f,h equipped with P flame ionisat!...)n detector 

for analysis and the less sensitive thermal conductivity detector 

for collection of fractions. The latter detector differs from the 

former in that it does not destroy the compound as it passes through 

the detector and j t is relatively insensitive to bo'l.ck pressure at 

the detector exit. T!')us, the thermal conductivity cJ.etector allows 

fractions to b€~ collected. as they pass from the detector exit while 

strema splitting has to be used with the destructive flame ionisation 

detectors. Biorl and co-workers (1972) trapped fractions in 700 µl 

of hexane or methylene chloride at -70cC nfter the effluent had 

passed through a cooled 90 cm Teflon coil attached to the detector 

exit. Roelofs and co-workers (1971b) trapped fractions in JO cm long 

capillaries at th(~ column outlet, while Tu..inl.inson et al., (1969) 

bubbled the effluent thr-:iugh clichlorometh,me and Meijer et a.l., (1972) 
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collected fra.ctions in glass capillaries cooled with liquid 

nitrogen. 

Identification of mim1te quantiti 0 s of the isolated pheromone 

has been achieved by us~ of mass, infra-red, ultraviolet and 

nuclear ma.~'11.etic res0:1ance spectroscornr. This i.nformation· has 

be~m complemented by che..71ical transfor.mations such as hydrogenation 

and micro-ozonolysia llsi.ng a gas chr~ma tograph combined. with a mass 

spectromete::- to identify the transfor.ro.ed products. Final confinn­

atiem- of structure is a~hieved by synthesis and field testing for 

biological activity. 

Normally, the small a.mount of pheromone isolated presents a 

major obstacle for iden-tificatior~ p~poses. Recent studi.es have 

shoim, however, that considerable progress can be made despite 

this ha.ndica.p by carr-yiag out simple micro-che.11ical tests on crude 

extraots or active fraction6 to reveal the presence or absence of 

particl1lar functional groups. Numerous investigators have determined 

the pres::nce of 1-111saturaci.on by loss of activity of the crude extract 

on hydrogenation, ozonolysis, or bromination. The presence of an 

acetate group has been determined by the loss of activity on sapon­

ification or reduction with lithium aluminium hydride and restoration 

of activity on acetyl~tion of the neutral fraction~ If the sex 

phe:t•omone was a methyJ. ester, :tctivity wou.ld be recovered by acid-
. 

ifying the alkaline solution and esterifying with diazomethane. 

Beroza (1972) has pointed out that subtraction loops in a gas 

chromatographic system can also be used for functional group analysis. 

A subtracti0n loop is a short tube containing a reactive chemical 

on a gas chromatographic support that retains or •subtracts• com­

pounds ... 11. th certain functional groups and allows other to pass. 

'fhus , an ~-dianisidine loop retains aldehydes, a benzidine loop 

aldehydes and ketones, a phosphoric acid loop epoxides, a zinc oxide 
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loop ca,:'Lo:xylic ac1.d3 and a. bor·ic acid loop primary a.nd secondary 

~u.cohols. 

Functional group:-3 can al.so be detc:ii.nined by carrying out 

chemical reactions on th:..n layer plates. For exa..YJJ.ple, Dierl et al., 

(1972) overspotte-d. a.~ active gypsy moth extract on~ TLC plate 

with phosphoric acid and fotit1d after development of the plate and 

elution of the adso::·bent, t~;a,'l, the activity had dioappeared. This 

:indicated. that the pheromone contained an epoxide group. Similar 

treatment of the active spot w1th aqneous sernicarbazide hydro­

chloride did not affect thfl activity which indicated the absence 

of an a.ldehyde or ketone gro".l.p in the pheromone. Ti1e polarity of 

the pheromone and the confi~rati;:)n cf: the double bond can also be 

derived from thin layer plates by comparing the chromatographic 

mobility of the phercfr1one with kno-,,11 compounds (Roelofs et al., 

1971b; Bierl et ~.l., ~-972). 

Ari. L'1±l.l~a.tion nf the size of the molecule, whether it is 

branched or a straight ~11.ain,and the functional groups possibly 

present, can be obtained. from gas chromatographic retention times 

by the use of Kovats• retention indices (Ettre, 1964). These are 

obtained on several colunms of' differe..~t polarity. 

A lm.owledge of ti:;.e functiona.l groups present· in the pheromone 

can provide a means c-! generating more phsromone from an inactive 

chemical precursor-in the extract. For instance, when functional 

group tests on the oblique-banded leaf roller (Roelofs and Tette, 

1970) and oriental fruit moths (Roelofs et al., 1969) indicated the 

pheromones were acetates, the crude extracts were saponiiied and 

reacetylated. This resulted in a one hun-ired-fold increase in 

the sex pheromone for both moth species. This technique was also 

used for the Mediterra..riean flour moth (Kuwahara et al., 1971a) 

and the southern armyworm moth pheromones (Jacobson ~t al., 1970a). 
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In a diffe:cent examplet Bierl a.nd co 0 -workers (1972) obtained a 

ten--fold increase in pheromone conte .. l'l.t of the gypsy moth ex.tract 

by epoxidising the precursor in an acb.ve h;:,rdrocarbon fraction. 

Beroza, in his review· ('i~•72), hypothesized on a number of possible 

precursors of pheromc1 '.1es containing a. particuJ.ar functional group 

and his table is reproduced below. 

Table 2.1 F\mctional groups cf attr~ctants and nossible 

p~ecursors. Reproduced from B~roza (1972} 

Functional group Possible precursors 
in attractant 

F]poxide olefin 

Ester alcohol, phenol, carboxyli('! acid. 

Alcohol est ar, c.~rboY..ylic acid, ketone 

Ca.rbo:xylic acid 

Aldehyde 

Keton~ 

AJ11ine 

Methyl ether 

Methyl e~ter 

' 
aldehyde 

este~, alc~hol, salt 

alcohol, carlx".'ltylic ac:i.d. 

alcchol 

amide 

phenol, alcohol 

~arbo:xylic acid 

A tec}-.. -~ique called mass fragmentography or single ion mass 

detection (:Jrooks and Midd.leditch, 1971; Gordon and F-. .rigerio, 1972) 

is useful in identifying pheromones where the che~.ca.l behaviour of 

the pheromone, in va~lous func,ional group tests and concentration 

steps, is consistent with that of a known compound. In this technique, 

the mass ~pectrometer {coupled to a GC) is focussed on one prominent, 

specific fragment ion so that only compounds in the GC effluent with 

a mass spect.rum containing the focussed ; on will be recorded by the 

ion monitor·. In this capa.ci ty, the mass spectrometer can be used 

as a specific GC detector and the sensitivity of detection is at 

least 100 to 1000 times better than that of conventional GC methods 

based on fla..'Ile ionisation and· thermal conductivi.ty. Compounds can, 
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t.he,·e.fore, be detected in th,3 picogra..rn range a..'1.d thi.s is very 

useful in pherol'lone studies where the active component is usually 

present !n nanogram quantities. 

2.1'.:?. Sc!- pheroff'0~1es as control agarits for insects 

The use of sex pheromones for direct control is in its early 

stages. Promi,si.n[: flT"elimi.nary results have been obtained with 

such in~ects as the boll ,;,mevil (Hardee et al., 1970), the cabbage 

loopm:- ( Shorey ~!:. al., 196'7), the red-banded leaf roller (Roelofs 

et al., 1970), bark beetles (Vite and Pitmrm, 1970; Pitman, 1971) 

a.'l'ld the gypsy moth (Beroza and Y..niplingi 1972). 

\.,n the other hand, sex pheromones have been used successfully 

for a number of yearG as indirect control 'agmts. For example, 

sex pheromone traps have been used to arrest the s;:,read of the 

gypsy mc"..:.h in North America by using insecticides in areas where 

moths have been. found in traps (Beroza, 1970). Pherorn..·-mes have 

also been used at international ports to provide early -,raming of 

possible entry of serious ir1sect pestse 

Various workers (Wright, 1964; Graham et alo., 1966; Gaston 

Shorey and. Gaston, 1967; 

have recognised two possible ways of using sex pheI·omones in direct 

behavioural control progrmmnes. One method depends on luring males 

i.o traps, points or zones where they can be removed from the pop­

ulation. The other Jl1_ethod consists of confusing males with high 

levels of pheromones in the atmosphere. The objective of both 

progra...,.n!nes is b1scd on di~rupting ccrr!r.1unica.tion between ncle c...vid 

female ins(~C'-ts to prevent effective mating from ta.king place. 

Another possibility which has be0n suggested for insect control, 

but has not been tested, is the use of inhibitors to mask the natural 

female sex pheromone in the field. This phenomenon, a.ssociated with 
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che;;-nlc::,J.s ·which closely rese,.,1bJ.c the sex pheromone, has been 

well o,0cmneI1ted i.n 1~econt seic:ntific rep::irts. For ex:-.. 1.mple, Roelofs 

and Tc!t te ( 1970) found cis-11~tetra.dec.~,nyl acetate to be the sex 

phero::,:cmc of the obliqu::..-banded leaf roller moth. In the laborat-

OF;f, tho !:~ isome::- elicited a stimu1.a.tor-y respo:-i.se in males 

but in field b:toassays it acted as a. very potent inhibitor when 

a..dded :r.n low percE:rit~_ges t0 ti-1e phe1,.lmone. A similar inhibition 

00'.lll':i'ec': i;i th the geometrical isomers of the sex ph~romones of the 

ori.ent;-J_ fruit moth (Roelofs, 8t al., 1969), the ca.bbage looper moth 

(Berge:r·, 1966), cintl the pmk bollwonn moth (Jacobson, 1969). Recently, 

tetradecyl acetate was found to be an inhibitor of hexaJ.ure, the 

pink bollworr11 moth synthetic sex· phe.r'Omone (Beroza et al_. , 1971a). 

The principles of insect suppression through the use of mass 

trappj_ng wi +..h sex pherQ:t10nes were developed by Knipling and McGu.ire 

( 1966). 'i'hey e..inph,J.sised th~t pheromone trapping for insect control 

sr.ould ·:mly be atte.-1i1Jted on a low population. Prior to this study, 

all atte:-r1pts to contl-ol insect populations with this approach were 

unsuccessful. 7his wa~ probably due to the fact that insufficient 

traps were used to out-compete the females in the high populations. 

For instance, Ambros (19J8) used about 20,000 females of the nun 

moth, Porthetria monacha, in traps over an area of 2,000 ha and 

att:-acted 150,000 m~,1s. If it is assm."16",: that the sex ratio in 

the field wa.s 1:1,· there must have been at least 150,000 females 

in the field competing against the 20,000 females in traps. 

Beroza and lfuipling (1972) have pointed out that to use sex 

pheromones effectively in control programmes a. knowledge of be­

haviour, population density,and population dynamics of a given 

species ts import~mt. For example, the information needed in 

control programmes based on mass trapping, includes the size of 

the insect population, the ability of traps to compete successfully 



44 

with live females ( which det.ermi.vies the mi.mber of traps required) , 

and the growth rate of the insect population. 

The validity of these principles has been c.onf:i.rmed by recent 

successful field-trapping studies on the boll weevll (Hardee et al., 

1970) and the red-banded leaf roller moth (Roelofs et al.; 1970). 

Promisix1g results have also been obtained in control programmes 

with the bark beetle 9heromonos where beetles ha\·e been cire.:·m to 

pre-selected resistant trees (Gara et &-l:•, 1965) or i.11secticide­

sprayed trees (Pitrnan, 1971; Vite and Pitraan, 1970). 

In the boll weevil ~~tudy, traps bai tecl ·with males, placed in 

and around a field of cotton in a heavily infested area, captured 

more than 1,000 over wintered weevils per ha of cot tori b,:.t fai1.ed 

to roo.uce p.:,pulations because the weevils in the traps were unable 

to compete with the J a.rge m:1.rnber of nath:::➔ weevils. In a lightJ.y 

infested. area, however. a similar number of traps 1,;aptured. enough 

over-wintered weevils to supp:r·e::;s tht: f>Op1.uati<m until dispersal 

began. To control a ligh~ infestatior.. of red-banded :i.eaf roller 

moths on an 8 ha site in ar1 apple orchard, Roelofs and co-workers 

(1970) used sticky traps baited with a mixture of the sex pheromone 

and a synergist, dodecyl acetate. The traps were about twice as 

effective as females and 99% control was achieved ~71.th 1110 traps 

in a low population {1 moth/100 m2 ) while only 481, control was 

obtained. with 2,400 traps in a. slightly higher population (16 moths/ 

2 loo m ). 

Perhaps a greater chance of success of controlling high insect 

populations with sex pheromones is with :methods based on confusion 

or inhibition. ~:he chances of control would be improved even 

furthcr:i.f the insect's odour receptors became fatigued or saturated 

with the ever present pheromone. This phenomenon of adaptation has 

been observed in laboratory bioassays for a number of insects and 
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mar.:; po.rticularJy with male gypsy moths which become quiesce."lt 

whari exposed to high levels of the sex pheromone. n,J.s inhibitory 

effect. c·f the sensorJ cells would be to no avail, however, if the 

final stage of mate-findi..."lg :L'l the field, involved the use of sight 

as imggested by Doan.~ ( 1968) , Traynier ( 1968) and Shorey ahd Gaston 

(1970). This ·would be especially so with high population densities. 

1'urthc~more, there is the chance with insects held under inhibitory 

conditions by chet1ical st:L-nuli, that they would adapt to this sit­

uation and depe...>1d more heavily on visual stimuli for coI11IJ1unication 

purposes. 

The feasibility of the confusion method has.been demonstrated 

in lab~ratory studies for the black carpet beetle (Silverstein, 1971), 

and the European com borer (Klun and R.ohi.nson, 1970), and on a limited 

scale in the field for the cabbage looper (Gaston~~ al., 1967; Shorey 

et al., 1967) and the gypsy moth (Stevens and Beroza, 1972). In the.i.r 

study on a O. i ha area with the cabbage looper cex pheromone, Shor•JY 

and co-workers (1967) calculated that approximatel:v 10-·i.Qg/l of air 

of the pheromone evaporated fro!ll 100 reservoirs each containing 17 mg 

of the synthetic material. This level of pheromone was sufficient 

to prevent completely the orientation of males to virgin females in 

traps on the plot. This quantity of pheromone arn.ounted to less 

than 0.5 g/}ia/night. In· the gypsy moth trial carried out with light 

infe8tations on 16 ha.'plots, disparlure on hydrophobic filter paper 

pieces was distributed by air at the rate of 50 mg/ha. Released 

males were unable to locate virgin fe~ales for 6 days, and even 

21 clays after the treatment the number of males caught on the treated 

area. was only one third of the number caught in the control area. 

The mech&.nism of action in confusing males and the influence 

of p-::>pulation density on the effectiveness of the methods have not 

been establishe:le F'or the gypsy- moth inhibition trial, Beroza and 
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Knipli.ng (1972) zuggested. a mechanism analogous to the over­

flood.ing ratio p:coposed for mass trapping. They claim that as 

i.nsu.ffi.cient d.isparlure was used for h.--;.½ituati.on of the moth I s 

receptors, the males w·er0 probably diverted to the pieces of 

filte1, paper which wo,ud rave ha.d a great a.ttract?..nt power. for 

the males. 'l'hu.,", con.r'u;sion cock place because of the numerical 

su.poriority of the pieces e;:!..' fJ..lter paper over the females in 

the p,-:>pula.tion. With such a mechanism, tl'.·e confusion method would 

be rnore effective againct 1011, than against high populations. 

Sc::ne indication of th'3 a.mount of pheromone needed to cause 

confusion in the field can be gained from a lmowleclge of the size 

of the i...'1.sect population a.r.~l the ~uar..tity of pheromone present in 

each female. Ea.ch female grass grub beetle contains an average 

of 1.5 pg phenol. If ii:. is .?.ssum~ that this is completely dis­

charged dtiring the matin.g period each day, [ note that female 

silkwort1 Jl..l'ld. gypsy ~oths are apparently capable of releasing and 

re-synthesising their total pheromone content every few minutes 

(Shorey et aJ.., 1968b)] this woul.d mean that a popul.ation of 

10,000 females, e."llerging over a hectare of pasture during the 

20-rninute mating period at dusk, would release approximately 

0.015 g phenol into t:;.1e atmosphere (i.e. _£!.0.05 g/h). 

Releasing phenol at a rate of 5 g/ha over this a.rea would, 

the ref ore,· redu.oe the cha.t'lce of a male finding a. female to 1 in 

100. The efficie.~cy vf the teclmique depends largely on the 

average number of responses that the males make in their lifetime. 

2.13 pex p~eromone rele~se in the field 

The critj_cal nature of the sex pheromone release rate on 

attraction was demonstrated by Gaston et al.,(1967)and Sharma et 

al., (1971). These workers showed that male moth catches with 
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phr::;romone bcc'..:t.tad traps went through a maximum as a function of 

phen,::,one r·eleaae. In the latter stud.y, the effective range of 

pheromone rele2.se was 0.0J-1.0 p.g per minute, a11d above this the 

activity decreased. In another study involving the r~d.-bandeci 

le1;1.f roller moth, the optimum rate of release of t~e sex pher-

omone was less than 1 p.g per hour (Glass et aL, 1970). 'i'hose 

inveGtigations clearl;r illustrate the degree to 1thl.ch ph.::ro111one 

release must be regulated in order to use the attractant properties 

of pheromones. Indeed, if. mass trapping is to be used succ6ss­

fully as a control met.bod., pheromone formulations have to be de­

veloped which are capable of out-.competing virgin females many 

times over. None of the formulations that have been dev.ised t...;.; 

date have: s 1.1.cceeded in doing this, however. 

In orde:::- t0 achieve the desired effect, pherorr.ori.es have 

only to be releast.>d over the short peri1.xi of the d.c.y when mating 

takes place. Lvi practice tr'J .. s oondit.i,:;n is difficult to achieve 

and is o,rercome by rc.leas::.ng the pheromone over tht:: t"'-~tire day 

during the mating cycle of the insect. Thus, there d.l'e lengthy 

periods throughout the day when the released. phero;:;.one is biol­

ogically ineffective. Various methods have been used to minimise 

the loss of pheromone.:: during these periods and have ma.inly deP-

ended on selecting a substrate on which the rate .:,f release of 

the pheromone has a low temperature depend.ance. Substrates that 

have been used have included sand (Wol.f. et al., 1967), cane fibre 

squares (Steiner et nl., 1965), glycerides of lard (Hart et al., 

1966), silicone greases, carbowa.x, glycero]. monooleate (Daterman 

and HcComb, 1970), polythene bags (Toba et al., 1969), rubber septa 

(Roc.lofs et: a-l:•, 197j_b), and polythene closures (Glass et al_., 1970). 

Pheromone in,jeoted j_nto the polythene closures peni1e..ated slowly 

through the polymer wall and retained activity for several months. 



The r.ex phm:·c,mone of thG g;yrpsy moth, d.isparlure, has been com­

bined with t:r:iocta.noin (a fat constituent) for slow release, 

and has rema,:\11c-0 active in the field at levels as low as 0.001 p.g 

pe1~ trap for over thr·ee months (Beroza et al., 1971c). Furthermore, 

some of these formu1;..1.tions were slightly more attrEwtive than 

virgin females .. 

'i'!".1.e use of the t.erpene mixture, grand.lurer -which is attractive 

to both sex0s of the b::>11 weevil, has been restricted. because it 

t'emains effective for very short periods in the field. Various 

formulations have been used to extend its activity in the field and 

have included mixtures of grand.lure with firebrick, polyamide 

re:::'i.n Pnd cellulose a.ceta,te (McKibben et al., 1971). Recently, 

a formulation with Carb()wax 1000 was devi1,ed which was about sot 

as effective as males for several days (Hardee et~;., 1972). 

A further complication is the instability of some attractants 

in the field and this may be overcome by combination with antioxid •. 

ants, ultraviolet absorbers or dilution with an inert solvent. For 

ex~1nple, when mtioxidants were combined with the cabbage looper 

sex pheromone, the activity was retainoo. after 6 months' exposure 

in the field (Wolf et al. , 1972) . 



Tlili 3IOI.DGY OF THE GRA.SS GRUB 

The co1:2n:c•n grass g,_ .. ..,_b is a m:.t.ive i.I.sect ot New Zealand and 

cr,x1 be found. in all regions of tl1a North and South Islands as well 

as the Cha.:.:.barri.s (Hoy, 19f(;). Given ( 1966) placed the g.i.•asi:; grub 

in the following taxonomic position: 

Ord.er 

Family 

Subf~rnlly 

Genus 

Species 

Goleoytera 

Scarr.')aeid ,1.e: 

Melolonthi..'1ae 

Colpoct.;,1ini 

Costelytra Given 

zealandica. (White) 

The i.P ciect has adapted to a. wide range of a--ivi.ronmental con-

di ticns, f0-r> the North and South Islimds span a latitude of 14 

degrees and the clim:-.tic conditions rang,, from sub":.ropical in the 

north to temperate in the sou+'l-i.o The in<.. .. :ease in grass grub infest­

ations has been favoured by the introduction of pastoral farming, 

which haP rne,mt the provision of pemw.nent. pasture in place of 

native vegetation which was dominated by forests an.d tussock grass­

ln,nds (Poa :-pp. and Notoc!..anthon:La spp.). In the nq_tive vegetation, 

grass grub p-jpulations were probably held in check by natural 

enemies (Given, 1967). 

The high producing introduced pasture species ma.inly affected. 

49 
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by grass gx·ub larva.e include, perennial ryegrass (Loli.um perenne 

L.), cocksfcot (Dact:ylus glcmerB.ta L.) &J.d white clover (Trifolium 

re:pe.~ L.). Infestations arc known to sxceed 2000/ra2 a..."ld about 

400/m2 can cause ma.jo~ f..c.:mage. fhe typical damage caused by the 

larvae is the drying Jff of pasture during the autc.,m - winter 

period, due to the severing of gr.ass roots. Areas containing lo.rge 

larval numbers can 'oe left ~orn;,letely· bare as the grass dies and 

is bl~1-m away. Where the pasture r..as a cI.osely knit mat of roots, 

it mey be rolled up like a carFet. Where there is a lower amount 

of root growth, plants are left loose in the soil and may be 

eat;ily lifted. Pasture in this condition ca.'11 be readily damaged 

by stock and can lead to e1·osion l:>ro'..Jlems especially in hill 

country areas. 

In vi~! of the eco!"1omic impor(.3.rlce of the pest and the un­

satis.factcry con tI't"1l ~btained with conventional insecticide treat-

mca ts , 7a.rlcm.s al tern.a ti ve control methods have bee.'1. i."lvestiga ted. 

Generally these have be,;_~ unsatisfactory for one r~son or another. 

For example, cultural methods and the planting of lucerne have 

given satisfactory a:mtrol under favourable conditions (Kain and 

Atkinson, 1970) but such methods are not widely applicable in 

New Zealand due to tlw terrain and current agricultura.l practice. 

A number of bird spec.1.es have been reported to feed on grass grub 

larvae (East, 1972) but as their numbers are small and their 

habitat preference fairly restricted they would not be expected 

to give adequate control. Att611pts to establish biological 

control methods for grass grub have been unsuccessful due to the 

fact that it is a native insect (Hoy, 19;>;5; Given, 1967). 

Control of the Japanese beetle, Popillia japonica, a scarab 

which is closely re.lated to grass grub, has been achieved in the 

United States with the bacterial infection, Bacillus popilliae 
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(Dutky). Du.,_'Tibleton (19i+_5) recorded a native ba..cj_llust BaciLlus 

(near) P.Qpi~~1:i.~~' in grass grub where the blood of the infected. 

l&,:cvae had a milky appearance due to th9 presence of nun;.-~rous 

sp::i:ces of th0 bacillus. Hoy (1955) reported, however. that although 

the disease ·was il."'idely distributed, the incidence cf diseased larvae 

seldom exceeded 5 percent of the population. Grass grub la,rva.e 

can also be infected ~Tith Bacillus .E9pillia~ (Dutlcy) but fi.:::ld lib­

erations of the bacterium have failed to spread beyond the liberat­

ion site (Kelsey, 1966a). Fungal diseases have also been reported 

to infect grass grub lar-~·ae (Helson, 1965; Latch, 1965, Brmm, 1966) 

but the incidence of these diseases is low. 

).2 Life_ cycle 

The life cycle and biology of Ce zealandiea h&.v~ been revic-ded 

by Dumbleton (1942), Miller (1945) 1 Kelrsey (1951), Pottinger (1968) 

and East ( 1972) ~ Grass erub is a u._n-i VC"'.ili dne in2.ect but under 

drought conditions (R~st, 1972) and a. high altitude e~vironment, 

the life cycle may be extended to two years (Stswart and Stockdill, 

1972). In all stages of the life cycle (Plate 3.1) except the adult, 

the habitat is subterranean. The adult beetle is brown, about 1 cm 

long and is commonly knmm as the brown beetlee Tr1e female beetle 

lays eggs about 7 - 18 cm deep in the soil from th~ end of spring 

to the beginning of December. 'l'he eggs are laid in clusters of 

) - 40 and after about two weeks, first instar larvae hatch (Kelsey, 

19.50). 

In common with most scarabs, there are three larval stages 

which can be distinguished. by head capsule size (Kelsey, 1970). 

Fully gro-r,m creamy-white larvae arc about 1.8 cm long, crescent 

shaped, and feed on roots close to the soil surface~ The third 

instar larvae are present from mid-autumn (April) through to late 



Plate J_.J Stages in the gra·ss grub life cycle superimposed on the soil profile indicating 
the depths in the soil ttat the stages occu:·. 
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June. From then onua.rds, .fully grovm larvae move dmm in.to the 

soil to depths of 10 - 25 cm, cv-~cuate their gut ccntents and 

for.n an .:·,val-shaped soil cell in preparation for pupation. Prior 

to pupation, the larvae build up large fat deposits which give 

the.'11 a yellow colourP.tion. The prepupal and pupal stages -extend 

over the September-October period. Adults first appear in the soil 

in lat,, October and remain there, for 6 - 1.0 days or more as teneral 

adults, bef,Jre emerging from the soil to fly and mate on the pasture 

rm spring evenings. Helson (l96·7) found from light trap catches 

that peak beetle flights occur during NovC'.mber and December. 

J.J t,dult Behaviour 

Emergence, ma tir1g and flight beha,riour have been reported by 

Kelsey (1968). He found that flights did not take place unless the 

air tem}::'·-~rature exceeded 9.5°c and winds were belo.f 10 kph. Flights 

commence at dusk on ~pring evenings and continue for about t~enty 

minutes to half an hour. During this period, beetles f.J.y in d, random 

fashion in a dense swann at heights of up to 3 m, with the great 

majority below 2 m. 

'l'he early flight period is dom.inated by males, (greater than 

95 percent of the population) actively searching for females by 

making short low fli6hts just above the pasture (Kelsey, 19.51, 1968). 

i<'emales, which ernerge L11 the evening shortly after males, do not fly 

during this period but simply wait on grass stems or on the soil 

surface. Some females wait pc1.rtly submerged beneath the soil surface 

1d th cnl;r t,l1eir abd.om.Gns pro tru.ding. Unde1~ normal circum.sta""lces, 

female beer,:1.es mate ·within a few minutes of emerging from the soil and 

the ovip:>sition site of the first cluster of eggs is close by in the 

soil. hales are attracted to fcm.3.les by a chemical sex pheromone 

(Kelsey, 1966b) which may be produced by symbiotic bacteria in the 
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collet::,:dal glc"mds of the female (Hoyt et 8J .• , 197:t). The 

majority of beetles (in excess of 85'/,) emerge within one week 

and a:cc~ mated usu.;::lly wi th_i_n two days lollowing the initial emer­

gence (Kain, personal c:-.'.1!m.mication). Na..les ruid females are poly­

gamous in their matir.g behaviour and under field ccnclitioris beetles 

live about 2 to J 1-,eeks (Fs:1cml)re,1966). 

The flight b::,~}wiour uf ::1.du.l t f f)lllales in relation to their 

repndu:.:-tive condition has been clarifiec.~ by the recent work of Kain, 

some of which is described in -the words of E..1.st ( 1972). "Kain found 

that fema.les are capable 0f laying four egg clusters, with the first 

cluster comprising over Bot of the total number of eggs laid. He 

found that most females did not f'9ed prior to laying the first cluster 

but feeding was an essential prerequisite to subsequent ovipositions. 

His field cbservations oonfi.rmed tnat most females are mated close 

to tho point of arn.,~rgence a.>1d do not fly before the first egg cluster 

is laid.. A single mating was found to be sufficient to fertilise 

all eggs, the fe."llale ha-;:ing the ability to store sperm. from a single 

mating within the sperruatheca for the rest of its short life~ Kain 

observed. that in the r,Iaika.to :many females flew after they had laid 

the first egg cluster, with the sex ratio of flying beetles changing 

from predominantly I111 . ..les at the beginning of the flight season to 

predominantly farnale:::i at the end. Females tended to fly at greater 

heights, in a morcfdirectional marmer and later in the evening than 

males. li'light direction was into the wind or towards the setting 

sun on calm evenings. 11 

Gra.ss grub adults are polyphagous feeders but appear to favour 

willow-, ornamental and fruit trees. Recently, Osborne and Hoyt (1968) 

demonstra.ted that flowers of the elder (S;;unbucus nigra L.) con-

tained a chemical attractant for female beetles. 
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J.L,L Introduction 

'i'he conunon arm.;vworm moth has been placed in the :cnllowing 

te .. xoncrr1ic position: 

Order 

family 

Subfamily 

Genus 

Spscies 

Lepidoptera 

Noctuidae 

Hadeninae 

Paeudaletia 

sep~rata, Walker 

Within the family Noctuidae, sex pheromones common to 3. ni.Ullber ~f 

species have been identified (Berger, 1966; Sekul and Sparks, 1967; 

Jacobson et tl., 1970~). In general, femaies use unsa-curated aliph­

atic acetates to attract males i.mmee.i.ately prior to ma.tine. 

The insect is not a nattve of Ne"r lea.land and ~.ccording to 

Franclemont ( 1951), its distribution r.:.."lges frcm the Junurland through 

China. and Japan to the Phillippines, through easter11 India to the 

Dutch Indies and thence to Australia, New Zea.land and Fiji. The moths 

are capable of £1:'Lghts exceeding 1000 km (,Johnson, 1969) and this 

may be the way the insect entered New Zealand. 

Recently, in an b.ffort to diversify New Zealano•s farm produce, 

farmers have been encouraged to grow crops as an alternative for the 

more traditional forms of farming. In +.his respect, maize pro­

duction, particularly in the Waikato region, has increased rapidly 

and as the arriw caterpillar is a major pest of maize, fanners have 

had to be particularly vigilant in assessing the levels of infest­

ations in their crops. 

A number of insecticides have proved to be effective in con­

trolling the infestations (Kain et~., 1968) but the cost of 
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D~)piication of these materials can be signific.s,.nt., pa.rticul..?.rly 

if crops h;:ivo to be sprayed severa_l times. Very few investigations 

have beP,H carried out on alternative control measures. 

3 .. 5 Life cycle 

There h2,s been no detailed information published. on the life 

cycle 0f the common arm;/lmrm under New Zealand conditions~ The 

li.fe cycle :i.s illustr·ated in Plate ).2. The adult moth is about 

?. cm long and each f<:,m.ale can la.,y between 800-900 eggs. The female 

appears to have an oviposltion preference for crops anri on maize 

plants the oviposition sites include the inner leaf whorl, ta~sels, 

si:i.'rn, and lower dried leaves. The adults live for about 2-3 weeks. 

Mating takes place in the evening betweeri 10 p.m. and 2.0 a.m. 

{Clearwater, 1972) and females commence laying egg~ when they are 

about 5-6 days old. 

Light trap recordings in the Waikato region have indicated that 

the moth is present for about 9 months af the year 1rom ii'ebruary 

until November with peak i1.:ights occurring any time from February 

until August (Kain et al., 1968). 

The moths are capable of long distance flights with the flights 

of longest duration made by moths 3-4 days old. Hwang and How {1966) 

showed that the rnaxirll.um flight activity occurred b.Jfore the full 

development of the ovaries on about the fifth day after emergence. 

Eggs norm.ally take about a week to hatch and the caterpillars 

go through a number of instars before pupation takes pla.ce. Within 

the northern region of New Zealand, it is probable that there are 

more than three generations each year. The caterpillars are poly­

phagous feeders and as they approach maturity they become voracious 

feed.ers and do severe damage either at night or during dull moist 

day conditions. Under certain environmental conditions the cater-
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pi.llars undergo phase polymorphism. For example, under over­

crowding conditions the caterpillars change colour from brown 

to black ,md their behaviour becomes frenzied while their ra.te 

of development appears to.increase. It normally takes a period of 

at least 4 weeks frore the time eggs hatch to the formation·of 

pupae. Brown pupae are formed in earthem cells and the insect 

!Jrobab:i.y overwinters in this form. 



PART I 

CI-IA.Pl':m IV 

L!i.BOPJ\~:1)/Y ;tANDI,ING AND BIOLOGICAL TESTING 

OF GFU-i.SS G-RU3 

I+. 1. J.n-c.ro .. -:.iction 

A major L bstacle in the iclmti.fication of ;l.nse,~t ;;ex pheromones 

has b8en the mj_nute omc11mt of the pheromone usue1.lly pre~0nt in 

ins er; ':s and ccn.seq_um,tly it has been necessa:::--y to 2.cquire 104-105 

insects to obtain su:f.'ficient ma'i:.erial for identification. In cm 

ext:. ,:me case, Butenandt and co-workers (1959), wh-, identified the 

firct Ee: ·t'"ieromvne - that of t.he silk..101"T!l moth, 1·,.;quired 5:,105 

.:1:e,male moths and then only obfr.ined 12 mg of pu-re mat1?rial. 

In order to o bt::i,in sufficient numbers, therefore, :i 11sectf; can 

be either collected in the field before adults ~~erge or mass 

reared in the labor~to1:-:i·. In the latter method ee_pecially, consid­

erable skill is required to raise healthy colonies,, Freque11,~ly the 

sexes must be separated before they mate because of the possible re­

duction in sex ph::;romone production after mating, and only + he small 

:;,.,art of the insect co~taiy,_jJ1g the sex phBromone glands is required. 

for extraction purp0ses. 

The rearing of grass grub adults from eggs in the laboratory 

has only met w:i.th limited success to date. Thus, in order to obtain 

a relativ<i.v large q'1antity of unmated biological material, it was 

necessary to use the esta.blished method of collectine the fully 

fed third instar larvae in the field and raising these through to 

adults :i...v1 the lar>0ratory. 
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The development of a consiste:1t, rel:i.able bioassay method is 

eosential for the isolation and identification of a sex pheromone. 

The ideal bioassay method is one carried out lli"l.der field conditions 

but this can impose severe restrictions on the invest:..gation. These 

include short adult flight periods, limited duratirin of the insects• 

mating activity each day, prevailing weather conditions which may 

inhibit flight, and the large quantities of biological material 

required in each test. 'l'hese difficulties can be overcome to some 

extent by developing suitable laboratory bioassay methods. 

In a report on sex a.ttraction in the grass erub beetle, Kelsey 

(1966) indicated. that female beetles had the ability to a.-Ltract 

adult males from distances of 200 m in the. field and j_n.ferred that 

males were c1.ttracted ;,o f e...11ales by a windborne chemical sex pher­

omone. In the first year of this study, an attempt was made to 

quantitate this response in the laboratory and an olfactometer was 

developed which depended on upwind orientation of male beetles to 

the sex pheromone. Clfact,)meters of t:-ie 11Y11 cl1oicti t~,.._pe, in which 

insects have a choice at the 11Y11 -junction to fly up eith(:r the 

attractant arm or thG vnbaited (control) o.rm, have been used in a 

number of studies with moths (Guerra, 196); Keys and Mills, 1968) 

and in one study -with beetles (Burkholder, 1.970) • 

In the second year of this study, a more direct bioassay was 

used. The method depended on observations of male copulatory activity 

and was based on a report by Onsager a1~d co-·workero (:l.968) who found 

that sexually excited elaterid beetles, L._ca.nus, frequently mounted 

any small object encountered and perform€::! copulatory actions. It 

was thought that such a method would allow a greater number of tests 

to be made each evening and provide a more direct, positive response 

when testing the activity of the many fr;:t~tions obtained. in developing 

the isolation procedure. In view of the short period that the adults 



61 

were 2.vailable, ffuch improv.:::.:n.ents in the bioassay procedure had 

obvious ,d--ra.ntagE.,s. 

4.2 L::merimental 

(a) Larval co:.lec1,ion and le:tboratory handling_ procedures 

Fully fed third inst::w:- la.~"'v·ae were turned to the surf ace, by 

means of' a plough set to p~-odll.C~ a 1;> cm deep fur!'r,w, and placed in 

minicd,1,1.:re i.ce-cube trays which were then sealed wi.th polythene­

covored hardboard lids. These methods are illustrated. in Plates 

4.1 a.rJ.d 4.2. The trays 1-mre placed in polythene bags containing 

damp sphagnum moss (to maintain a high humidity) and held in a.n 

incubator until pupation occ11rred. As pupae formed they were removed 

and separated into males Md females in fresh ice-cube trays. As 

beetles en1erged thair e~x wa.s check:ed and they were placed in min­

iature ice-cube trays. A layer of pl~dter of Paris was used in the 

c:1bicle bott.oms to roo.uce wing damage and mortalit;r. 'I'he trays of 

beotles were sealed with polythene-covered. hardboard li.ds and placed 

in polythene bags containinB damp sphagnum moss. Beetles were 

held in a bioassay room a.nc1.. all the handling and observations of 

male beetle~ after they had been sexed were carried out in this room. 

(b) The olfactv1neters used in the bioassay 

The behaviour of grass gr~b beetles was observed in a temP­

erature controlled room at 18-2o0 c which is slightly higher than 

the avera.~e air temperatures at dusk in spring (14-16°c) when grass 

grub rnating flights take place. The bioassay room was illuminated 

with two 60 watt incandescent bulbs shining through two Ilford 900 

filters having a transmitt~nce above 620 run. The intensity of the 

light was adjusted by a 11 Va.ri.ac 11 transformer and approximated con­

ditions at dusk. Light j_11tensi ties were detennined b'J a selenium photo 
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Plate 4.1 Collecting gr<"ss grub larvae in the field.. 

Plate 4.2 Sorting fully fed Uri.rd instar larvae into ice-cubo trays. 
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cell 2mplified by an E.I.L. 11 Vibronu electrometer. 

;l'he 11 Y11 -choicc olfa.cf.ometer (Pl~te 4-.J) wa.s constructed from 

"Pe:n;pex11 tubing 7. 5 cm ID. each portion of the 11Y11 being JO cm 

long. Flat llPer·spex 11 tracks were placed at the c.::.;ntre3 of the 

tubes to enable the beetles to walk along the appa .. atus. "Before 

each bioassay, male beetles were allowed to adjust to the lighting 

and temperature cond.:i_tions of the test period by containing them in 

the straight portion of tho 11Y11 bebind rerr.ovable wi.re mesh gate8. 

·rhe upstream gate was removed at 6.0 p.m. after a one and a half 

hour liconditioning period_il. 

Traps were constructed at the end of each arm of the 11Y11 

( PJ.2.te 4. 4) . 'ro be trapped in either arm of the 1ry 11 , tho beet:!..es 

had to climv a wire fate situated just befo::-e each trap, and pass 

through a hole slightly larger than a beetle. The hole was placed 

1 cm above the 11 Perspex 11 track in the centre of the wire gate. 

(Note: A protot;ype wire gate with t,-!O holes i~ sh0wn in Plate 4.4). 

Air was drawn tnr0ugh the apparat\,1s by an elect:t>J.C hair drier 

c0ntrolled by a 11VRriac 11 trarAsformer. The air vel0city through each 

ann of the olfactometer wc>.s found to be t.rie same arid varied between 

0 . .5 a.nd 0.8 kph as measured by a.l'l A.:B;.I. Velometer. Because sex 

pheromones have a. physiological activity at very lcw concentrations, 

vapours were removed -~rom the room to prevent contQ:nination by 

directing the air outlet of the hair drier towards an extract fan. 

Each trial was conducted between 6.0 and 9.0 p.m. using male 

beetles 10-15 days after final ecdysis. Five fe,.-nale beetles to be 

0 used in each test were taken from spha.gm"",1 moss held at 10 C and 

crushed with the flat of a scalpel blade on to a small filter paper. 

rrhe ?..bdomens ware opened completely and the bodies as well as the 

abdomen contents spread out on to filter paper. This was immedi.ately 
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Plate 4.J 'I'he 11Y11-choice olfactometer used in the initial tests to 
demonstrate the presence of a sex pheromone in the female 
grass grub beetle. 

Plate 1+.4 The prototype wire gate containing beetle-sized holes 
and the trap at the end of each arm of the 11 Y11 -choice 
olfactometer. 
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pla8ed in one 21"11 of the 11 Y11 , the other arm being left empty, 

&.t the begin:i.:i.ng of the 11 cond.itioning period" fo:r males. 'l'he 

att:c-·acta.;,t source was a.lterna.ted from one arm to the other during 

the tests. After each bioassay, the olf'actometer w-as cleaned by 

irr,1110rsion in a .5'0 aqt.:.eous solution of I Decon ?5 1 for a few· hours. 

The bioa:::E.;ay method. basE<l on obcerving male copulatory attempts 

comprised an olfac:tometcr (shmm in Plate 4.5) whic·:1 was simply the 

top part of a 2.,5 1 Winchester bottle. An inverted filter funnel 

( 12 Cl.il dia.) ser·ved. equally as well. Ten male beetles were dropped 

into each unit at about 1.0 p.m. and allowed to become accustomed 

to the lighting condi-c.ions of the bioassay room before testing 

com.:c;,enc,rl. The jars rested on a piece of plate glass covered with 

paper tissue which helped the beetles to ,uove about and reduced. 

the 1-isk of contamination. 

After each test, the olfactometer was cleaned by a 12 h 

irr~~ersion in a 5t aqueous solution of 1Dacon 75;;rinsed with acetoP.e, 

and dried at 16o0 c fo:i.· a few hours. 

4.J Results and discussion 

{a.) Extension of the adult emergence period i ...... the labc:.·atory 

In the first year of this study, 27,000 grass grub larvae were 

collected by eight men working over a period of abo1lt J weeks. The 

lar--.rac were raised in the laboratory at 10°c, a temperature which 

corresponds to soil concli.tions in the Waikato region when pupation 

takes place. ·with this treatment an overall 70 percent mortality 

occ·.;_:rred, which meant that only 4,000 females were obtained from the 

initial col:!._.-..;ction. Obviously, this high insect death rate was a 

serj_ous limitation to this study and :l.n subsequent ye:rrs improved. 

handling tech.'1.iques were developed. One of these consisted of 

lining the bottoms of the ice-cube trays with plaster of Paris. 
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Plate J-i-.5 The bioassay apparatus used for observing male beetle 
copulatory attempts with paraffin dummies or filter 
paper treated with female extracts. Ten males were 
confined within each olfactometer which was placed on 
a piece of plate glass covered with a paJ;1Fr tissue. 
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.tJeetles were able to grip to this mc.s,·e readily than to the plastic and 

impro·.;·cd grip allowed beetles to right themselves. 'rhis pre-

vented the ne-...rly emerged aduLt.s (which usually came out of the pupal 

cases on their backs) from beco!ldng stuck to the ice-cube tray bottoms 

as their ·wing cases harcloned. 1'l.1is resulted in a high mortality of 

adults i.!1 tr,c-) first :;c,::tI' o:c thr;3 study. 

A further lin1it:c,tion 1,·h:i.0h becPrne apparent f:rom this initial 

work was tmt 1.mder the tempercd:.urc cond.i tions used, all the beetles 

emerged over a period of 2 - 3 weeks. This gave very little time 

for the study to be carri8d out effectively. 

In the following year, these limitations were overcome to some 

extent by collecting a large::.· rn.u11b&:c- of larvae (60,000) from heavily 

:iJ1f ested areas with much ~reater care than the previous yea:r, and 

raising ad.ul ts under v~rious tempe,:·a, ture conditions to regulate and 

extend the period of adult emerge..~ce. 

Lar:a.e were dj_vided into three batches of varying size and adults 

from each batch raised under the three ta-nperature conditions outlined 

i.'1 'i'able 4. 1. 

Table 4.1 HortalitiE:s associa.ted with different temoerature 

conditions used in r2-ising grass grub adults. 

'i'rea.tment Temperatul:'e 
oc 

Larvae, FJ1.1.pae 
1 at 16, 

beetles at, 
8 - 10 

Larvae at 16, 
2 pupae and 

. beetles at 
8 - 10 

Larvae, pupae 
and beetles 
at 8 - 10 

No of 
lc1.rvae 

5,400 

25,000 

30,000 

Viable beetles 
10 days after 
final ecdysis 

1,840 

9,870 

15,500 

Mortality 
¾ 

66 

60.5 

48 
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In treatment 1, the la.rvae 2nd pupae were held at 16°c 

which wa.s about 6°c ab:.:ive the soil temperature expected in the 

field. This increased temperature accelerated the rate of g:r:•owth 

of the lacva,0 and pupae, ai'1d beetl(:.JS from this treatme:.1t emerged 

much earli8r than beetles in the field. In treatment 2, only the 

larvae were raised at 16°c and the pupae and bo&tles were raised at the 

lower, more nonnaJ. t0[.:p0,2·ature of 8 - 10°c. Beetles .from. this 

treatment emerr;ed latr:;r than t:r.eament :J. beetles but earlier than 

those from treat.."nent 3. This treatment roughly corresponded to the 

temperature cond.i tions in the field. In all the treatm~1.1ts, as soon 

as beetles emerged they were transi'er-.ced. to a bioassay rocm held at 

0 
8 - 10 c. 

The cff':)ct of the higher temperatures in spreading beetle 

emergence is illustrated by the fact that the peak of beetle emer­

gence in the treatment 1 batch was ?8 days ahead of that for the 

treatment 2 batch which in tum was j_!~ day~; ahead o.r the treat.-ne.."1t 

3 batch. Adu.lts fro~ trea,wnents 1, 2, and 3 emerged C7er a period 

of 11, 15, and 21 days respectively, in a manne:t· similar to that 

shown in Plate 4.6 for the treatment 3 beetles. 

The appreciable c'Li.fference in mortality between treatment 3 

and the other trea:t.rnents (48 percent compared. with 66 and 60.5 percent) 

is probably explained by the fact that lower tempe1·c.ture conditions 

were used. The 48 percent mortcl.1.i ty obtained in treatment 3 rep­

resented a considerable improvc.ment over the 70 percent mortality 

obtained in the previous year. As a combined result of these three 

treatments, a total of 27,000 adults was ~vailable in the laboratory 

over a per:i.od of 6 - 8 weeks. This effectively doubled the period 

that t.he sex pheromone could normally "be studied. 

During this second year, the grn.ss grub sex pheromone was isol­

ated and identified, and in subnequent years, lower nu..YJlbers of larvae 
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Plate 4.6 Elnergence pattern of grass grub beetles raised from 
fully fed third instar larvae in the laboratory at 
8-1o0 c throughout the larval, pupal and adult stages. 
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( i.n the o:l~c1-0r of lO , noo pe"".. ) - , y2t::r were raised in the laboratory 

for use :i.n field tr:L:d.s. 

(b) :Sioas.s3y base::c _9n the Y-choice olfactometer. 

Hale responses were measured between 6.0 and 9.0 p.m~ the 

period in the field vrhen mating takes place. During this period 

tl1e acti v:i. ty of the ·beetles ·within the olf actome-;:.er increased 

sig.1ificru.1tly; beetles became excited and some made attempts to 

fly. As the bioassay apparatus was primarily designed to measure 

insect flight behavioural responses, it was unfortu.'1ate that very 

few beetles actually took flight in the olfactometer. Responses 

were based on walking or mobile behaviour w"ithin the olfactometer, 

however. :Male responses to virgin females of varying age are 

shm·rn in Table 4.2. 

'rhc mot)ile response ratio is a direct measure of the response 

to the attractant by the males that have been stimulat,::xi to ruove 

through the holes in the wire gates. For a given +.est, a significant 

percentage mobile response was represented by a deviation from 50. 

A negative mobile response being less than 50 and a positive greater 

than 50. 'I'he overall response ratio is a general measure of the 

activity reasonably attributed to the attractant. A negative over­

all response is obtc>..ined when the number of beetles in the baited 

arm trap is equal to or less than the number of beetles in the 

control arm trap. 

Tests were carried out with male beetles of the same age which 

varied between 10 and 15 days after final ecdysis. Ther·e appeared 

to be no r~~ation between the age of male beetles and their response 

to the attractant within the age range utilized ( 10-15 days). 

Variations in response were obtained within each female age 

group. Fbr example, with females at 12 days after final ecdysis, in 



Tftble 4.2 Male response to '-•_ir-gin~fema:Les of_varying age. 

Female age Male age No.of Ma.les Males in ·iJ·' , • l ~Overall 1., :J.O 01.-.e 
(days after ( cl..a.ys after males at.trac- co:itrol re-~pc~.se ,, re.s·,:,,.:ms,2 
eco.ysis) ecdysis tea. ( !J ,-- \~' ( p- ~1)* 

"''-r;l'.)Dl...L9J .1."'ov·e2--c-.u..:.. 

--- ----

6 10 51 3 4 43 ncp:tivc 
6 11 24 1 4 20 n.ct~a.tive 
6 1.5 40 2 1 67 2,5 

Av. 24-J Av. 1.0 
8 15 JO 6 8 4J negative 
8 14 26 9 1 90 JO 
8 10 J2 9 0 100 27 

-.,.J 

8 11 24 4 0 100 16 i--" 

8 14 JO 2 8 20 negative 
Av. 71 Av. 15 

10 10 25 8 1 89 28 
10 1J JO 12 4 75 27 
10 30· 16 8 67 27 

Av. 77 Av. 2? 
I 

12 12 25 6 6 50 negative 
12 13 29 4 1 80 10 
12 12 46 12 5 70 15 
12 13 .30 13 0 100 43 
12 12 26 11 1 92 35 

Av. 78 Av. 21 

Table continued on next page 



Table 4.2 ccntinu~d. MalP:... resoonse to virgin female~ of varying <'.ge~ 

Ferr.ale age Mtle age No.of ¥rues 1J1alet; it1 o/..·\1r. ,,··hJ0 l,.,, 
, , ..... ii..~ .. - ?LOverall 

(days after (days after males attra.c- control re3-ccn3~ rzsno::1;;;:;• 

ecdysis) ecdysis) •tni' * Ro~ * 
ted ( 1 ;1:,bile) ('· 7era.11) 

14 12 27 10 3 77 26 

14 12 30 11 8 58 10 

14 1J 37 21 .5 80 '+3 
Av. 72 Av. 26 

18 ·13 29 17 6 74- JS 

18 14 32 24 1 96 72 
A1t. 85 Av. 5.5 

" 22 11 40 8 2 80 15 
N 

22 11 40 4 1 80 7 
Av. 80 Av. 11 

(R bil )* . (No. beetles in baited. a.rm trap) · mo e = 
(Tot;:-J. no .. beetlas t:~'..i.pped) 

X 100 

(No. beetles in baited No. ·oe?·~les in ) 
(Roverall)* = ( arm trap - control arm trap) 

X 100 
( Total no. beet.L~s exposed.) 
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diffc:'ent tests ,-rlth virtuaJ.ly the same number of beetles, results 

wore G/6 (attr&cted/control) and 11/L No explanation can be 

offered for results of this type. Statistieal analysis of the per­

centage, mobile response show8d that variation between tests, with 

females of the :::;.,;c,w age, Has greater (P < 0.01) than coulq. be 

attributed. to b5no;:;1i;:i-1 vari2.tion. It ls evident, f~herefoJ:-e, that 

replication is an essential 1~equiremen t in a bioassay of thi.8 

nature. 

J3ased on an &..rK:.1.lysis of transformed (inverse sine) percentage, 

the overall m8an percentage mobile response was 77'-/; with 95% con-

fidence lirdts of 66.8% to 85. 7!,. Hales reacted positively (Rmobile>50) 

to crushed female beetles whose age varied from 8 to 22 ch.ys in 17 

of the 20 tests carried out. The similarity of the ave:.·age mobile 

responses for e.:i.ch a6~ group suggests that the phero~one is pre~r.mt 

in virgin females at the same level from abo'J.t 8 days after final 

ecdysis until death. This does not elilni"f'"\ate the possibility, how-

ever, that a peak period c:f attraction does exist in live virgin 

females. 

When crushed females were actually placed in :the olfactometer 

males sho,rnd corwicle:::-able sexutl excitemc~it by attempting to copulate 

with the crushed females ·as well as with other ma.l0s. This result 

provided further evidence for i;,he presence of a chemical sex pher­

omone in the adult female beetle. 

Additional tests were carried out to test the attraction of 

males to males, females to females, and females to males. The 

results shov.n in Table 4-.J inrlicated that crushed females did not 

attract females while crushed males attracted neither males nor 

fe.males. 

11hile the data obtained in the Y-choice olfactometer supported 

th f t th t +h f' 1 b tle used a ch~nical sex pheromone, the . e ac - . a '-'' e ema e ee 



Hale agP, 
(d:1ys) 

10 

10 

FeF1ale age 
(days) 

10 

1.0 

71+ 

Res.,.:)nses of m:-.:.J.es to males, females to females 
aniJ fc:1;1les to rn~i:les --- ___ , 

1.,Jo. of 
males 

.50 

33 

::o.of 

}'lalcs 
attrac-
ted 

0 

2 

Hales in 
control 

1 

0 

l<'e:no.les 

f, Mobile 
response 

0 

100 

1: Overall 
response 

negative 

6 

females attrac-
Females in 

control 
% Jvlobile 
response 

c/., 0'.•era.11 
response 

29 

29 

ted 

0 

2 

1 

0 

0 negative 

100 7 
Female res12onse to md..les 

Eale aaA Female lfo.of Females Females ~~-

(days) age females attrac- in 
(days) ted control 

;/2· Mobile o/J Overall 
response response 

10 10 45 3 1 ... 7.5 4 
1 () 10 ·40 0 1 0 negative 
10 10 40 0 0 negative 

method itself was not satisfactory for a number of rea.sons. 

Firstly, the type of apparatus was originally d.csie;ned to meas­

ure flight responses in moths and, as very few grass grub beetles 

actually took flight within the olfactometer, a walking response, 

rather than a flight response was measured. In praliminary studies 

carried out by the author, the apparatus was usad _successfulJ.y 

t? measure flight responses of flesh flies, Sarcopliaga milleri. 

Those flies a.re strongly attracted to flowers of' Euonymus ~icus 

and they gave quick, positive, clear-cut responses when the flowers 

were placed in one arm of the Y-tube olfactometer. Such a situat­

ion was not observed vr'.Lth the grass grub beetles, however. Their 

responses were sluggish with many beetles.apparently wandering 

around aimlessly within the olfactometer. This was reflected in 

some of the results :in 'l'able 4.2 in which high percentages of males 
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Here trapped i:n the co:,;trol ar:n. this resulted j_u correspondingly 

lo-· ( < t'.r. ;'· ,-o~c-=-"'t . - ; • -, 
·•·.i 1..Y,_> 1 .. ,< .. ..a. c.:~ rr.lOUl..Le respo.r1.ses. 

Secon6ly, as replication of each treatment was essential, the 

bioassay rnE:thod. did not provide a decisive answer as to the presence 

or absence of biolog-i..ccJ_l activj_ty. Thirdly, only 0ne measurement 

could be r:11.dc on the apparatus each evening. 'rhis was clearly in­

adequate in a stud;; of this ~atu.re ,,:here beetles were only available 

for a few weeks each year and larg8 numbors of fractions had to be 

tes.ted for activity in the de-Jelop:nent of isolation procedures. 

(c) Bioassay based on male copulatory attempts 

Tests commenced about dusk and continued until about 9.0 p.m. 

These tests were car!·ied out by spotting qil extract on to a dummy 

of paraffin wax (m.p. J5°c) which was then dropped among the beetles. 

The dununy a.pproxi.rnated. the size of a heetle, bi.1t its size a..nd shape 

did not appear to be critical. When a dummy contained an active 

fracti0n, beGtles re~ponded within a few minutes by attempting to 

copulatci with it (shawn in Plates 4.7) or with one another. 

Male beetles aJ..30 ref:ponded to extracts applied to pieces of 

Whatman No.1 filter paper. Behavioural responses were similar to 

those desc::.~ibed, with males continually searching on, around, and 

unrler the treated papers. 

A descrj_ption 1:::..s been given of the three different temperature 

conditions that were used to regulate the rate of beetle emergence 

jn the l;;.boratory. Beetles raised in the laboratory at 16°c through­

out the larval and pupal stages (treatment 1) were regarded as 

being under I f orced I conditions, for they emerged about 3-11· weeks 

ahead of beetles raised under mm~e normal conditions at 8-10°C 

throughout the larval and pupal stages ( treatment 3) • 

The average percent responses of males from the three treatments 

to a standard ethereal solution of female extract are shown in 
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Plates 4. 7 Copulatory responses of male beetles with paraffin 
dummies treated with active female extracts. 
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Table L~.4-. The st2.:.·1dard was stored at -io0c and 0.1 female 

equivoJ.rnts of the stB.nda.rd was applied to the paraffin dummies 

for each test (1 female equivalent is 1 female abdomen extracted 

with solvent). In each test, 10-day old males were u:"ed in 

groups of ten. 

Table '-~./..;- Effect of rearin2; co:--iditions on r.,.ale response 

Beetle sou.rce lfo. tests Av.µercent Variation in pereent 
response response 

'rreatment 1 6 JO 0 - .50 

'freatment 2 10 26 0 - J+O 

'l'reatment 3 9.3 J4 0 - 90 

Variable responses, wh:i.ch ranged from O to 90'1-,, ;;rer~ obtained. 

with b6etleE from Uw three treatments. 'l'hus, some groups of beetles 

did not resp:md to tt~3 treated dummies at all. On average, hmvever, 

about JO/ of the beetles tested re&ponded to the crude extract. 

Beetles did not reapond to untreated dur11..rn:P.s, Onl;-r a small number 

of tests (16) were C<'t,•ried out with th,.1 standard solution on beetles 

f:....--om treatments 1 and 2 but i.he variable responses obtained with 

males from treatment 2, in particular, su~gested that beetles emerging 

late within a collection might not resporid to the sex pheromone as 

well as tho8e eme~ging before, or at, the emergence peak. This hy­

pothesist as well as the effect of age on male res~Jnse, wae tested 

with beetles from the treatment 3 batch. Groups of male beetles 

that h:J.Cl emerged before, at, and after the time of the emergence 

peak (shown in Plate 4.6) were selected. The groups were accord­

ingly taken on the 4th, 8th, 12th, and 15th day after beetles from 

treatme.nt J started e."!lerging and beetles ill these groups were class­

ified as early, peak, post peak, and late, respectively. In all the 

tests 1 responses were measured against dummies containing 0.1 female 
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equi v2.lents of' the standa.rd. 

Percentage re:-:;ponses of males with age after final ecdysis are 

shown hi Plate 1+.8 for ea.ch group~ Each response recorded is the 

mean of 6 replicated tests. Male beetles were not tested more than 

once. 'I'he re.sp:;nse i.n :i.ncLividu.al tests varied from O to 9of,. The 

va.r:i.ation betw8cn replic2,tes was not greater than that attributable 

to bir..cmial vari::ttion. 

During the periud. when the late group beetles were 14 days old, 

Hork was concentrated on fiold tests and, consequently, this group 

was not tested. Initially it was intended to study the response of 

ma.le beetles from each group at 6, 10, and 14 days after fina..l ecdysis. 

Ho,-,.,;3ve.1:, when it wa.s found that 6-day old males responded. to the sex 

pheromone, 4-day old, and 2-day old beetl3s were also tested. These 

reslLL.ts are included in Plate 4.8. 

Selected analyses from the early, peak, and po::;t peak groups 

showed a difference (P<0.01) in male response 1-rith age within the 

beetle age range of G,-14 days. Thus, the response of 14-day old 

males was greater than that for 6- or 10-day old males. However, 

the mean responses obtained ,-rith 4-day old males were comparable 

to the 14-day old male resp:mses and it appears that the difference 

above is not completely explained by ~n s.ge effect. 

There •.,,as no significant difference (P<0.01) in male response 

with beetles of' the srune age from the early, peak, and post peak 

groups but beetles from the late group, aged 6 and 10 days, gave a 

higher mean response than beetles from the earlier groups. This 

difference, however, was not apparent w:i.th 4-da.y old male beetles. 

It did appear, therefore, that beetles eraerging late within the 

collection responded equally a.swell as, if not better than, those 

emerging before or at the emergence peak. 

I th f . l' nor·m, all::r a period of 7-10 days or longer elapses n e 1.e o., J 
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15 th DAY C LATE > 

50 

oi-------------------------___J 
12th DAY C POST PEAK > 

8th DAY C PEAK> 
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50 
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Plate 4.8 Variation in the percent c0pulatory resp:>nses of male 
beetles with age. Four groups of beetles were selected at 
different stages (termed: early, peak, post peak and late) 
throughout the 21-day emerger1ce 1)eriod of beetles raised in 
the laboratory at 8..,1o0 c from fully fed thlrd :instar larvae. 
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beb:een final ecciysis c"1nd p1°:imary beetle emergence from the soil. 

Hating is believed to ta.'.:c, plD.ce a.s soon as the f e;:nale beetle 

emerges from the s011. P1~esumably th::·n, the male beetle takes 

7 days or so tu matu::::e ~1efor-e ma.ting takes pJ.ace v.r1der normal cir­

c1.wrnt2nc8s. It can be seen from Plate l+.8, however, that· male beetles 

aged 2 days aftm· final ecC:ysis responded to the sex pheromone, even 

though males are dC!fj_nite~<f too inrrr.:;:ture to mate at this age. 

A total of ninety thr·ea tests was c.;1rried out on the treatment 

J beetles with the standard solution. In approxireately 8f., of these 

tests, no response was Lduced in the male beetles and in 20'j~ of 

the tests only one copulatory attempt was observec.:i.. '£he breakdo.-m 

of the tests into categori3:c. ran11in; from 0-100/; responses is shown 

in Table 4.5. 

Table 4.5 Breakdo"!,-.,n of the tests wit"!.1 the tr6atri10nt 3 beetles 
into c2.te,::;ories based on the rn.agnitude of the 
behavioural resoonse 

%Response 

~Tests, above 
responses obtained 

0 10 20 JO 40 50 60 70 80 90 100 

8 20 14 13 11 9 11 6 4 4 O 

'lhe bioass.:>.y method based on observing male copulatory activity was 

adopted tffi'oughout. this study. It provided a quick method to deter­

;nine activity which meant that tests could be easily repeated when 

required. , Verifi~ation of a..r1 active fraction wa.s normally based 

on obtaining positiv8 responses in each of three separate tests. 

4.4 Conclusions 

Grass grub adults were obtained by '-'oilecting fully fed third 

instar larvae in the field a..'1d raising these under high humidity 

conditions to adults in the laboratory. In the first yea:r of the 

study, a ?CY.Y, mortality of the initial collection took place but in 
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subsequent y'.:::-,:;_-s tr.is ,:'.r{ redu~erJ. to about 50f by using improved 

'rhe shcxct ped.o:J. for st.udyi11g tl~e sex pheromone was ex-

tended by :c~,:i.si.ng souie the larvae and pupr .. e at eleva. ted tem:p-

e:ratures. ]·,\1u.·1 thotc,_ .. _·_h t.11F!_f",e hi·,·~1-,·r. ,_e·n.,...,=,.rat, res 1 .,sulted· • - - - b• .t::-~ • l, ,. -l-'~ ~ , . ,~, ., 1.n some-

what higher n;orttli ties. trie acc:elcr:tted rat-J of g:l"O\•?th meant that 

bet~t.les we:-1 a,;ail,ci.ble in l,hE> la.borci tory for about a month before 

beetles E.:lner·ged i.1 the, f.; Rld. r,,1·,-; t'f ,.,t· 1 d bled th • od _ _..__ 1. ..... .J e. :E.-., 1.ve y ou e per1. 

A Y-choic3 olfaotom;:,·.:.er was used :i..n the initial experiments 

ar,ci the walki!1g response of male beetle~ to crushed females placed 

in one !.rm of' the 11Y11 w::i.s n1easU1'fd. Hales :r-espond.,~ p::'lsitively to 

the, crushed f Gmale beetles in 17 o.f the 20 tests carric.d. out :md 

all. the da'..,,'3. suppcrtod the .iact tM.t the fema.19 used a chemical to 

attr;-t~t e1e rn.als. TJ.,e met},-"'ld had a nu,:nber of limitations. however, 

a~1d in~l·..tdl'ri_ ( 1) t.t1e long length of time to perform the bioassay 

which IDP"I...T'lt that. only c .. s test could be carried out ea~h evening 

(2) the necessit;y for replication of each treatment as clea.:r-cv.t 

respc,rises were genera.lly not obtained and (J) the.absence of flight 

activity within the olfactometer. 

In subsequent ye3.rs, a bioass?.y met!:od based on observing 

rnale copulatory activity proved tc1 °i.;e mo:-:3 satisfr.~tory thao. the 

former method, for it g2ve more direct responses and repetition 

could be c~.:rried out ea.sily. The responses obtained were somewhat 

variable and ranged between O and 90/>. On average, Y+% of the 

males tests--'i responded to the crude female extract. The effects 

on ma_le resp-::nse of age, and time o.f emerge..."lce within a beetle 

collocti,m, appeared to ba mini.mal. E.~les agl",d 2 days old responded 

to the sex pheromone evc,n though they were defini tel,y too immature 

to ma.te. 



E_{TRACTIOi{, ISOLATIOI~, A!HJ IDEi-lTIFICATION 

OF Tlill GRASS CHUB Sh-:X PHEROMJNE 

5.1 Intrainction 

The cL1ssical approach fo:r ic~0ntifying pheromones involves 

solvent extraction of active components, followed by purif-

• -1-' t 1.ca .... 1.on s eps moni tcred by bi.oassay o The final purification step 

norrnally involves the use of a, gas chromatogra.ph where the active 

component (or camponents) is separated on the column and trapped 

as it emerges in the cohmm effluent. The collected m8terial is 

usually obtained in mg or µg qua.nt.i ties and identified with modern 

techniques such as m.:,.ss and nu.clear magnetie resonance spectro-

metry together with infra-red and ultra.violet spectrophotometry. 

In the initial experi..ments with the female grass grub beetle, 

attenipts were made to locate the site of pheroJ:12one production so 

that only the "activ~ region 1\rather than the who~e insect, could 

be extracted with solvent. '.f.'hr: se experim·ants were followed by 

functional e;roup tests on an active ethe:,:-eal extract. 'l'he tests 

were carried out on a microsc,,le and were based on the loss or 

retention of activity after various chemical treatments wer~ applied 

to the active ext1.0 act. This infor·mation, together with that on 

the behaviour of the active component in a number of concentration 

steps,formed the basis for the isolation of the pheromone. 

The laboratory bGhavioural bioassay based on observing male 

copulatory activity with treated paraffin dtL'7'Jnies was used through­

cut the study. Final verification of the identity of a sex pher­

omone, however, depends on its attractiv~,1ess in field tests for 

82 



8J 

it has been shown that compounds which stimulate sexual activity 

in insects in the labor2.tory do not necessarily attract thrnn in 

the field. This phenomenon was discussed in Section 2.9. 

5.2 F.xperir:1er:tal 

() IJ rl ,. ·+ f'+ a ro~uc cJ_on si ,,e o vhe grass gr£_~- sex pheromo~e 

Frozen sections were made of 10-day old virgin fema,.e be3tles 

on a 'Spencer• sledge microtome fitted with a 11 peelcool 11 .freezing 

stage. As each section was cut, it was transferred immed..iately on 

to filter paper in a petri dish and then stored in the deep freeze 

at -10°C until the bioassay was carried out in the ev,2ining. The 

microtome knife was carefully wiped clean with acetone bebreen 

each cut. 

The initial worl( to establish where the sex: pheromone was 

produced in the f ema.:; e beetle, consisted of cutting each beetle 

into 5 transverse sections of equal thickness. ·dhcn sections 

from 5 beetles were combiPed on filter paper and bioassayed, two 

of these sections produced male responses of ?CF,0 and t:>Ot; respect­

ively. Male beetles .:lid not respond to any of the __ other three 

sections. l·lale respor1se to act-i ve secti0ris was siJnilar to thc41.t 

described for active paraffin dummies. T1:1e acti v·e sections corr­

esp:md to the first few segments of the female abdomen. 

In an attempt to pinpoint the active area, transverse 

sections of equal thickness in indi viduaJ.s were cut between two 

distinct anatomical features, e.g. 5 beetles were cut into 3 trans­

verse sections between the end of the thorax, at the point where 

the last pair of legs arose, and a p.,int mid-abdomen. The corr­

esponding sections were combined and bioassayed. Beetle responses 

of 20:/4 and 60/., respectively were obtained with the 2 sections which 

correspond to the first three abdominal segments. Beetles did not 
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rei;pond to the third section. I • h • t 5 b n ancn: .. er exper:u:ien . , eetles 

,.~'i'OY,(~ ("',,,1t i"nJ,v.O •'- •. ~,) '·o..,. .. .: ..... - + -1· t· .. th 
'"'- - • - L,•.,·,. 1, ., ... ,-.on c.;::,_ . sec J.on:=::, and • , ese were bioassayed. 

Ha.l,.:.s did not respond to the ventral ::ection but 50% responded to 

the dDrsal section. Tb~.s 0xperiment. was repeated ·with another 

group o.f fe;:1.a.le beetles and again the dorsal side was active a.YJ.d 

the ventral sici.e inc:.l!tive. :F'rom these experiments it was established 

that the sex plLro::1.one wat: p:;.:0duced dorsally main~y within the first 

three aJ:xiomimil segments. 

(b) Ex.traction of the v:rass grub sex pheromone 

A crude extract was ')btained by surface rinsing the first few 

abd.o:ainal segm.e:1ts of 10,-day old female beetles with diethyl 

ether. In the initial exr~:dmerits surface rinsing was used in 

preference to maaeration for it was considered that the latter metho•i 

was more likely to co-i=xtract imp-;,:ri ties which could mask the bio­

logi0al &.ctivity of the extract. Refereuce was made to this masking 

phenom~non :;,n Sectj_c!'l 2.110 

Active fractions were consistently obtained with diethyl ether 

surface rinses ;:ind this method of extraction was t.sed throughout 

this study. Hale responsC:;s to an extract of this-type varied between 

iO and 90 JJercent but normally when 20 to 30 percent of the males 

responded to the d·v....rr..i!Y this was regarded as a good response. Indeed, 

any attempt by males to copulate with a treated dummy was indicative 

of the active fraction, for males never responded to untreated 

dmamies. Males resp::inded to dummies treated with 0.01 and 0.001 

female equivalents oi the crude extract but good responses were ob­

tained with either 0.1 or 1.0 female equivalents (discussed in Chapter 

4) a.rid all subsequ.e.YJ.t bioassa:ys were car:..ied out at one of these 

levels. 

(c) Pa.rtitioniYJ.g of ethereal extracts against aqueous buffers 

Before any attempts wer~ made to develop an isolation procedure, 
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ft numrx~r of Tv>rt1• t•i 011• t 1··- - ing exper:..mcx1 ,s ·were carried out on the crude 

ethereal extract to obt.Hin some idea of the nature of the pheromone. 

Satur-::i.td. ~c.diu .. m b:-i c:i.r~>on~te - A.: etht~real extr.'.3.ct (10 ml) 

containing 20 cemctl9 ec~1 ·.ivalents was washed \:ith sa.turated sodium 

bicarbonate (J x 5 n.2.). The ether pl:ill.se was tested. for activity 

and gave a 2oy; resp::mse in males whet'\ O .1 f cmale equi val en ts was 

1-1sed on a 1,,2.r,;i~ffin d.um1iW. Tlu.s compared favou.r&bly with the 30"() 

resrJ•_mse ol:Jta.ined with t,he ethel'eal extract before washing. No 

acU.vi ty was fou.nd in the socLurrL bicarbonate solutle phase after 

neu.tralisatior. ..-rith ice--t;.old 0.111 HCl and washing ·with diethyl 

etncr. Thus the Rctive component was in.:,olu.ble in saturated 

sodium oicarbonate. Tr.i.s .j:xperi::1e.11.t was repeated :md :i, similar 

result obtained. This i:r..d:i.cated that the pheromone wac; not ,t 

strong aci0. 

10 percent so:i,i1.:nL carl"'Jnate - An ethereal extract (5 ml) con­

tain:ir1~ 10 _;:·em~.lt) 6<:l"..:ivalents was washed with 1oi sodium l!arbonate 

(.3 x 2 riJ].). The. active component remained in the ~thei· phase. 

Responses of 4~t and 6Cf;: were obtained in duplicate tests at the 0.1 

female equ;valent level. 

1 Molrn'.' potassiu.rn hydrox.i.de - An active ethereal extract (2 zd) 

containing J+ female :.qui val.en ts was ·washe l with 1H potassium hydrox­

ide (.3 x 1 ml). Thf.' ether p~.:ise, when tested at i).1 female equiv­

alents on paraffin durmni~s, produced no response in male beetles. 

The aqueous phase was covered with ether (5 ml) and neutralised to 

pH 6.5 with ice cold OclM HCl. ('l'hc reason for ne"J.tralising in 

this manne,, is discuAsed below). The ether phase ~-rhen tested at 

0.1 female eq_m.valent level was active causing a 2Cf/; response in 

males. ;, repeat cf this experiment showed again that the active 

component was soluble in 1M }X}tassium hydroxide. After neutral­

isation,the ether phase gave ·a 40/> male response. These base 
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-.,:::.sh exp2rircnts sho-,_,r th.2.t the acU.ve component is acidic. 

Acichc bu..ffcrs - Pl0 el.iminar-y work with acidic washes of active 

ethereal extracts sur;geste-d that the acidity w&s destroyed by acidso 

Thus a series of acidic bu..ffers was prepared by mixinf;: 0.2M disodium 

hydrogen pho:':phate ,,1.th 0.1M citric acid in varioi.:!,3 proportions 

(Vogel, 1959). Partitioning experiments were carried out to ascertain 

the pH at Hliich activity was lost. In these experiments aliquots 

of the active ether extract (5 ml) containing 10 female equivali:mts 

were washed with the 2.cidic buffers (3 x 2 ml) a:cd the ethe:t' phase 

tested for activity. Th8 results of these experiments, sho,m in 

Table .5.1, indicated that the activity was destroyed by washing the 

ethereal extract with acidic buffers with a pH less than 4.8. 

Ta.b:Le 5.1 Effect of :teidic buffers on the activit:[_Ef a 

crude f erna.le extract 

pH of buffer <I, Response (0.10E) 
+ 

--·--

7.0 40 

6.o 30 
5.3 10 

4.8 20 

4.6 0 

4.0 0 

Subsequently it ;,;as found that phenol was pn,::.ent in tl1,~ 

female beetle and functioned as a sex pheromone for the male beetle. 

The result obtained in the partitioning: experiment above was in­

consistent with the lmown behaviour of phenol, however. For example, 

ethereal solutions containing 10-20 µg ph0I1ol were shaken with the 

acidic buffers down to pH 2.0 and the pheneil level in the diethyl 

th f>+' t -1 J;-.,oc:-:s1· ble explanations for this apparent e er was t.ma.i: ... ec ccq -

contradiction are: 

(1) the condensation of an aldehyde, possibly present in 
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the female extr:.:.ct, with phenol under acidic conditions. 

Accc,rdiw~ly, mi7~tures of acstald.ehyde (100 pg) and phenol 

(,20 n;--) in d.;e+.hyl e+·11er hak t r- _.._ -- - ,., ·were s . en ¼'i. h acidic buffers 

doim to pH 2. 0. but the phenol remained unaffected.. 

1 2) "d ·+ , 2.n aci Se:1SJ. .,ive comp-,ment additional to phenol 

is re0uired to :'.t.nduc~ s··Evu••·I act· v· t '1 - '"" i:,.__ l J. y • Against this, 

hOH'?Ver, phenol a..:one stimulated copulatory activity in 

males in laborator-.1 tests. 

(3) the inconsistent behaviour of males in the laboratory 

bioassay. This is the most likely explanation as it has 

been shmm that iri about 30/.> of the tests, eight of the 

ter1 'beetles in each olfactometer failed to respond to the 

crude female extract. 

(d) Fu.net; onal gro1..r:) tests on the crude ,-Jtheroal ext:0 act 

Chemical tests on the crude extract were carried out to 

detennine the functional groups present in the pheromone. 

Diaz.om.ethane - Excess diazomethane in diethyl ether was a:dded to 

the ethereal extra.ct (2 ml) containing 4 female equiyalents. After 

2 hours, the ether phase was tested. for activity and :~as inacti'le. 

An unsuccessful atte::-ript was made to restore activity by treatment 

with 0.1 ml of U1 methanolic potassium hydroxide. This result sugg­

est:.<l the presence of a phenolic group. 

Lithj_vrn aluminium hydride - J<.::Xcess lithiun1 all.ll11inium hydride 

was added to the ethereal extract (2 ml) containing 4 female equiv­

alents. After half a.n hour. the ether extract was assayed and fcw,d 

to be inactiv~. At the tirne,this result was interpreted as indicating 

the presD,ce of a carbonyl group, but when considered retrospectively 

it is obvious that an ether insoluble li trd .. um salt of phenol was 

formed. 
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(e) ~1:1:?rt ;)at:>-1 1-~·,--,h vacuurri ci..istill.e:,,tion 
-·--- -- ., ... - -~--~---~--

Extracts of female abdomons were concentrated to 0.5 ml by 

rotary evaporation at 2:/>c 2-11.d '70 mm-Hg c?. . .nd then sublimed on to 

a conde::1.ser cooled w:i. th dry ice i~ a short path distillation 

apparatus at O. 0(;1 ,iJ1-:-,-Hg. 'Phe temperature was maintained by a 

constant temperature bath and ths pressure by mean;:; of an oil 

diffv.'3:Lon pump b.:tc:ked by a mechanical pump. 

In order to establish optimum conditions for the distillation, 

temperatures were varied and the activities of the sublimate a.nd 

sublimand deter.n.irn:d after a set period of time. The results of 

these experiments are shown :i.n Table, ,5.2 below. 

Table 5.2 Effect of vacuum distillation temnerature on the 

volatility of the pherorrone 

Dis ti ""!.la tion No.females r: Male response 

conditior-,s extracted subli:rlate sublirnand 

30°c, O.fl01 mm Hg,J h 160 10 20 

30°c, 0.001 :m.'11 Hg.3 h 500 70 80 

50°C, 0.001 mm Hg,3 ., 
;. 1000 40 0 

This f'.~ort path high vacuum distillation procedure carried 

out a.t 50°c on the c:i:-ude extract (665 rr.g) from 1000 females gave 

a satisfactory initi::i1 purific:ition step for the Wt,ight decrec:.se 

in the sublimand (60 mg) indicated at least a 10-fold increase in 

the conce!'ltration of the active component. 

(f) Thin layer chromatogra:pti_;z 

'I'hin layer chromatography was carriP.d out on plates (.5 x 20 cm) 

coated with r\ieselgcl G 254 at a thickness of O. 5 mm. An aliquot 

(5 pl) containing 5 fe:naJ.e beetle equivalents of an active sublimate 

fraction wa.~; spotted on to a plate and eluted with diethyl ether: 



89 

Th-::: 2.dsorl:,e:1 t mater·i· ::i.l 1.~!·•.~ a'i· ,,1,· d.e,-'_ • t 5 1 - .,,.,_~ , (' 1.n .o equa_ sections 

rn8E':.su1··ed beh,een the point of a;0p_ lic8.tion and t1_1_n 7 t f t . _ so~_ven - ron . Each 

scc:,:i.on ,.ras \,,ashed with d.iethyl eth0r (1 ml) and tested for activity. 

Ilc-'.,ponses of 60{, ancl JO~ re::rpectively were obtained. with the lower 

sr.;cdons. The top ·three sectj_ons ivere not active. 

This e:x:perimE·,1t was rerJeated using chloro_fo= .. n 1- _ ,. ... as the eluent. When 

tno so~ vent fro:it ho.:! travelled 14 cm, the plate w·Ps removed from the 

ta.n:CC ,:.n6 tr ... ~ adsor':,en t material divided. as before. Only the area 

hetwcY:->. 0 • .:::; rrun and. 2.0 cm frcm the point of application was active. This 

producoo a 30,~ response ir.. mc'!le ·oeetles. 

Thus t.he active ~or,1ponen-t w-as strongly adsorbe.d on .:.ilic?. gel 

wh; ')h ..; l1dica ted its };,Olar character. 

(g) Paper chromatog.!"aphy 

?aper chromatography was used by <Tacobson and co-workers ( 1968) in 

the idoL ~if-:.ca tion of valeric acid as the sex pheromone of the e 1 a te:d.d. 

~eetle 5 Limonius calii'ornisi_~§..• In this study on the g1~ass v'l.1b bE>qtle, 

pa.per chromatography was ~arried out with strips (5 x 2c. cm) of Whatman 

No.1 filter pape1~. .cin etheroal extract (70 pl) of vacuuro. sublimate 

containing appro.xima+.ely 10 female eq1!.i.valents was- cpotted separately on 

to three paper strips. Those papers were eluted with water, ethanol, ctD<l 

a mixture of die-::,hyl ether and ethanol (l:1) -respe".?.tively. '.-fuen the 

solvent frc .. ts travelled abovt 16 cm the papers were removed and, after 

dryine, were each cut · in -i~o approximately :2. 5 cm sections. In the case 

of the filter paper eluted with water, the activity was found in the 

area between Rf 0.50 and 0.67. With the ethru-iol and diethyl ether/eth­

anol systems t.he activity travelled further up the paper and w&.s found 

between Rf ".76-0.86 a.."1.d Rf' 0.6?-0.'?9 for the respective solvents. This 

~.ct:Lvi ty was teP-ted by sj1nply droppin,s; the filter sections among the 

male beetles. Beetles responded immediately by a.ttempting to copulate 

with one c>.nother on -top of l,he filter paper and by actively searching 
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over and under the acti ·re arer.,:-;. Prior to this testing procedure, 

unsuccessful attempt::, were m2.de to wash the active componen.t from 

the filter pape:1.· with die-t.h;;rl et.}1er. This rGtention of' activity 

on the filter Paper ;:;.f'~'--r a die·thyl ether wach suggested that the 

active compon<::nt war, strongly hydrogen-bondect to t:he cellulose. 

From these resuL.s on papei· (ctncl thin la.yer plate:c:)ir .. was apparent 

tl~t t:1e p-._ .)pertie<-; r;f' tht- ar-tive co::nponent wen- consiste:-,t with 

thocis of a phenol. 

(h) • Gas_liquid ch:co::ia~.ograph,y 

Preliminary c:pe:r.i.rnen-: s were carried out on .:::t S'i::,ni-prepar'ati ve 

scale gas d:.:..~omatc.graph, in order to obtain furthc,'.' informatio~1 on 

the nature of the ph3rc:aone :.nd to determine the E!pplicabili·~y of 

this technique in this stud:v. Tr.<, initial work was carried out con­

eurrently 1,itr.. the tests already desc:r-ic.::d an<.: before the pola.r, 

phenolic character o.f tl-ie act~ ve component had beea1 ascertair.ed. 

The gas c:-iromat0graph use~ was an F and M mod~..ll 402 eq,ti.pped. 

with duc:.j_ flame ionisa-t,.:.on detectors. A nu:m.ber of general purpose 

polar and non-polar "tativ1:ary phases were used ir.it:• ;,lly. Both 

·:.1.e polar S-\ ationa.ry phases, viz .• Carbowax ?OM and DEDS (dieth.ylene 

glycol succ:i..nate) ~nd the non polar phases, viz., Apiezon-L and 

,.'Oil-98 are extensively used in gas chromatograp!iy .1~or a wide rc..nge 

of applic~tions. These were 1.'sed in the hope that at least one of 

them ·would be suitat:::.e for the grass grub sex pher01none. 

The four colurnr.. packings used in the ini.tial study were: 

( 1) 1Cr/ Carbowax 201'1 on 60-20 mesh Gas Chrome P ! (2) 2% DEDS on 

60-80 mesh Qas Chron.i= Z (3) 21~ Apiezon J, ,x1 60-80 !"lesh Silocel 

and ('+) 4¾ ·uc:,'1-98 on 60-80 mesh Gas Chrome P. Of the three solid 

supports used, only G-as Chrome Z was a silanized support. Neither 

of the othe"' two support materials was deactivated by sila.r1izing 
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i.e. trcatin,,; with dLnethyldichloros:ilane or hexarn.ethylsilazane 

bsi'ore applyinc; the stati.onary pm.se. The colum,1 materials were 

packed into four separate glass U-tubes (1.5m x L~mr.1 ID) and condit­

ioyied for a.t least a d;)_y, :Lvi a gas chromatograph over.,. at the max­

imum operatinf'.. terripe:ratu:res for the respective st:;.tionar;:rphases. 

An a.cti vo vaeuur, sublimate f'rom 90 female abdomens was dissolved 

in dieth;yl cth,2r (2U ml) avid. concentrated to 1 ml with ~ rotary 

evaporator~ The a.tt~~r-ctant. material ( 10 µ].) was injected on to one 

of the above columns and the gas chromatograph operated under temp­

e1·a ture-prog:ca.I11.11e concii t,j_ons. The colurr.n oven tempera +,ure was 

held initially at 95°c for four minutes and was raised at 5°c per 

min to a maximum temperature of 240° C. The nitrogen carrier G·'.tS 

flow was 40 rnl/min and the flash heater temperature 250°6. Similar 

conditions were used for all four col.umn:::i. 

The gas chromatop:r8lll of the v.:i.cmi..'Y, sublimate on the 2% Apiezon 

L column is sho1-m in Plate 5.1. Similar chromatogr-ai11s were obtained 

for the other three ..:olur1;.;1s. Fractions were collect::..d. from these 

columns in glass U-tubes held at the exit port by m~ans of a teflon 

sleeve which allowed the U-tube to butt directly on to the copper 

exit port (Plate 5.2). The 11 U11 was immersed in dry ice-methanol 

at -70°c iP.. a micro Dewar flask. The gas chromato,~raph was fitted 

with a strernn splitt~r which was adjusted to give u 10:1 split of 

the effluent to the collecting unit ax1d detector respectively. Four 

fractions were collected fr-om each of the four columns and when 

bioassayed were all found to be inactive. 

This inactivity could have been due to a number of factors. 

Firstly, the pheromone may have been retained on the columns. At 

the tirr:e, th0 phenolic nature of the pheromone had not been deter­

mined and while phenol separations have been achieved with stationary 

phases such as Apiezon Land silicone oils, the solid support 
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norw:.l:Ly has to bE:, si· 1.,,...,1· 7.,c,,-1__ ):, 1 1 _ =· - - "· • . o ar compounc..s such as phenol cct,, 

be st:rcnl:,~,.l.:r ad~or1 -:c<:.l tn 1·.h~~ ~ct·" • J.. f • 1 _ - --- - ,~ • 1. ve s:i L-e~t o_ u.nsi_ani7ed support 

end retcJined on the· co1.u_11.,n. -~ dl ' i l ... , ._)econ y, 1:,,1e p 1e:rcrrrone W'.'.S not ,;ix-

pected. to be a cor:c1xr..md. as volatile as phenoJ and, th:"Y•efore, it 

the so]:v:"'nt f,~ont ( 1""-. ch + 11 t d) ~- • ... ,, 1L.. w~.;; no.., co ec ,e 

or more likely, net have boon trapped :i.n the glass U-tube at A.ll. 

In subsequent w-ork, t:-1e U-tube -;-ms packed w.tth gla[-:s wool tu improve 

its tra_u_~_,:i_n 6r1 effic:1- ency and ev(on t11er1, ·.1· .. -t, only trar>"'E ,l abou'· 17.,i 
- • C - F ;~ ,, p 

of the phenol injc:::ted :i.nto the column. 

'i'foen the phenolic nqture of the sex pheromone had 1;een deter­

mined in the; parsr chromatography experiments. gets chromatograp},.y 

was reco1n.rncnco:Jd &nd a column ,,ms prepared which was S'l.ll. t"-oJ e fc..c 

phenol sepa."'J.tion.s. rrihe colu.n:n consisted of 2?~ Atlox G :!.292 emuls­

ifier on 40-'i'J ~nesh S~locel. This materi:::.J. was recommended by 

Dr D. B. Wills, of Ivon Watkins-Dm. Limj_ted, who ki:.10.ly f-:-rwardc-d 

a sample .:>f Atlox G 1292 to me. Dr \.'ills nae. used the .nateri~\l for the 

separation of chloril::>.t~d phenols and ·outylate..:; hyo-.:-ox:v anisoles. 

At about the sarne time cis these or; experimentG were being carried 

out, field bioassays ~-rith a nu,~ber of ph~~olic materials indicated 

that phm,.:>l itself attracted male beetlee. The GC conditions were 

selected, t:'"')refo:ce, to give a separation of phenol i.f it happened 

to be present in the female extract. An active vac-•,um subli.,~ate 

injecteJ. on to the Atlox col1.mm under isothermal condb,.1.ons at 120°c 

gave essentiaLly one pea,°i< as sho"'i'm in P::!ate .5.3. All the co-extracted 

fats, waxes, etc. , shown in Plate .5 .1 were retained at the :inlet and 

this facilitated the collection of relatively pure fractions. The 

active compound collected from this column 11a.d a retention time of 

5.2 minutes which c.::orr~sp:.mded precise:i1 with that ,Jf phenol. A 10 }ll 

sample containing 5 female eq11.ivalents of an active vacuum sublj_m:1te 

from 500 females (30 mg) applied to the 21, Atlox. G 1292 colu1nn, :i.n-
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used in the jar or phenol was dissolved in the tra.p-water. 
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dic~ted th~.t cRch i'0,u'-1e cont,2d.n""'.' bet'-'Pen 1.0 d 1 -
,AA ,,_ an .:; p.g phenol. 

'l'his step rcsult.su, therefo1:-o. in a fifty-fold increase in the 

Th-- ,. epc. • .,, -'- • · """' • • -1> t • -' ,) "'. a.r L'. LJ nr_ 8J..LlClency o... he Atlox stationary phase for 

phenols rn.y be reLt:ci to the fact that it is an emulsifier and , 

therefore, it rc.'J.d:U.y coated or 'wetted I the solid support and 

deacti '/;:-,_te:l the ac-t.5. ve sites. 

(i) of phenol as the sex_ pheromone 

The sex pheror,i,::,ne was isola.ted .from 1500 virgin female beetles 

by surf.ace washing their abdomens with diethyl ether. The ether 

extract was concentr::rted to 0.5 ml by rotary evaporation at 2.5°c 

anci 70 mrn-Hg, and then sublimed on to a condenser cooled with dry 

ice, in a short path distillation apparatus at 50°c and 0.001 mm-Hg 

for J h01lrs. The biologically a,ctive sublimate in diethyl ether 

was then subjected to semi-preparative gas liquid chromatography, 

using a glass U-tu'oe (1.5 m x 14 mm) of 21~ Atlox G 1292 on 40-70 

mesh SiJ.ocel at 120°c and a nitrogen carrier flow .,:ate of 40 ml/min. 

A number of 10 p.l injections of the vacuum sublimate was applied to 

the colur-m c-nd approximately 130 pg of the compoUl'.~. which harl a 

retention time precisely the same as phenol was collected. Collection 

experiments with phenol itself using the trapping method deccribed 

1='.ave a t'7/, recovery. 

The collected fraction was dissolved in diethyl ether and 

ex...:~~in0J by high resolution mass spectroscopy. The mass spectrum 

(Fig. 5.j_) was consistent with that of phenol in diethyl ether, and 

the presence of phenol was confirmed by measuring the masses of the 

ions at (mass to charge)~/~ 94, 66, 6.5, and 39. These had the 

expected compositions of c
6

H
6

o, c
5

n
6

, c
5

H
5 

and c
3

H
3

• In addition, 

it was established by use of the 11defocussing 11 technique that the 
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follo:iing transitions had taken place :94 - 66, 93 ..,, 65, 66 _. 65 

from a precursor o.f higher mo, nc,,, • 1 t d th f 1• t T,,Tas -. -'-~ ~ar 1,2ig,1 , an , ere ore, . 

concluded that the comp-:und under examination was phenol. 

Analysis by gas liquid chromatography of ethereal extracts 

of fcm;;-i.J_e abdor,1e:ns ind.icah,~i tl-iat each beetle contained between 

LO an?- 1..5 µg of phenol, ::h:i.c.:h corr,~sponds to approximately 20 

parts per million by weight. No pheaol Has detected in ethereal 

extracts of male abdomens. 

( j) Laboratory arid fj_eld bioci.ssa.y of phenol 

Laborato:cy bioassays were carried out as described earlier. 

Ma.le beetles responded witl~in a few ,,:inutes to paraffin dummies 

tre8.tcd with 0.1, 1.0, and 10.0 p.g phenol respectively by attempt­

ing to copul.ate with the dummies a;:; well a.s one another. 1'ighty 

perce::1t of the maJ.es responrl.ed to each amount of phenol on the 

Attempts in subsaq'_".•':mt sea.sons to repeat these:: excellent 

responses with phenol ond crude female extracts failed to induce 

greater than 201\ copulatory attempts in males. rn··all the field 

tests, however, phenol has consistently attracted male beetles in 

mating flights. 1',urt;,1ermore, in experiments with aqueous phenol 

on filter paper, mal8S that landed on the paper frequently showed 

sex stimulatory activity by raising their elytra and attempting to 

mate with males nearby. 

It is possible that, in order to induce sex stimulatory attempts 

in males in the laboratory, the phenol release rate from a substrate 

must fall within a fairly narrow range. '!'he release rate is an 

important factor in the field in determining field attraction of 

males to phenol and, therefore, it is also likely to be important 

in laboratory tests. Indeed,. it mc}.y well be more critical than in 
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the; field. in view of' the, elose vicini 4·y ,., of males to the attractant 

Thus a possible explanation for 

th,.: inconsistency of phenol in the laboratory tests with males is 

th:.t the -.,1rs .!.. _..._ .,. 
J.. c.. L•c..:.;, of release: obtajJ1ed from the paraffin du.."!hilies were 

t.J:-ie rang0 .fer sex. stimulatory activity. 

Field ~.ctivity of chenol was tested in several ways. The traps 

c,.:,.nsisteci of open bns contai.ning approximately :,wo litres of ·water 

(~)},1t13 5.4) ·w~th the attract2.;1t suspended in jars (110 ml) above the 

tin• In+,e:..~ 3s tingly, when 10 mg of pure phenol war. used in the jar, 

ve-...1 y few beet~ . ..':!S were caught in ·c.he trap but a number of beetles were 

observed to drop shot>·•::. c.f the trap on the downwind side. Obviously 

tho C"'ncentration of phenol in the air was important and deter.mined 

the attractiveness of the bait. 'I'hu.s v:'i.th pure phenol the conc.-mtra.t­

ion w.1.s too high around the trap and beetles ~-rere ~:Jt dravm completely 

to it. ".hE• release rate was reduced by mixing phe11ol w-:i..th water at 

·various concentratioris. Pure phenol mixed with water 2.t com;,:mtrat,.. 

ions varying from 50C to 10 ppm was found to be at+.ract..ive to the male 

beetle. Two litres vf the phenol-water mixtures were placed in open 

tins and tested at dusk ·..rhen beetle flights occurred. On one such 

evening, a total of 71 males and no fe.males was c;..ught in Severi traps 

each containing approximately 100 ppm of the phenol-water mixture. On 

the following eve.Ding, 222 males and 19 females were caught J.n the 

t>ari1e traps. O.:introl traps containing water, placed alongside each 

baited trap, did not •:!a tch any bGetles. 

'rhus it appeared that phenol functioned as both a sex attract­

ant and a sex stimula...vit for the male grass grub beetle. 

(k) Variat.:.on in phenol content with age and mating of the 

female beet].e 

'l'he variation in the phenol content of females with age was 

deterrriined by extracting batches of 100 f ema.les with 3 x 10 ml of 
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di.ethyl et>1cx•. 'l'he ex.tract was concentrated to 10 ml and anal-

,rsed for -_,1riR.no]. b h • ' 
J ~-•·-· Y g;._,_s c, romatography on a 27, Atlox G-1292 column. 

The results (Table 5.3) indicated that phenol was not present 

in the fennJ.e beetle t1ntil about 4 days after final l"icdysis. This 

level gradu2.11y incn,~c.sed. to about 1.5 pg per female when.beetles 

were aged G-10 days ~dter final ecdysis. It is of interest that 

tl1l• s 1· s t.11.".. l " al • • t • , l • • age i·nen :u):.ni. es in1. in._, __ y mate in tl1e field. In the:::;e 

experiments the fem::.iJ.es reta.ined the mar ... irn.um phenol level for at 

least 1J dayG after fin aJ. ecdysis a.11d presumably wouJ.d have done 

so until mating took pl2.~e. The phenol level in mated fe,males 

dropped to 0.7 µg/female. 

Table 5.3 V&.riation in nhenol content with age of th~ female 

~)eetle 

FeITia.le age, days 
after fir,£Ll.. ecdysis 0.1 2 4 6 8 10 12 13 

Phenol, JlG per 
100 female equivalents 0 0 25 95 160 155 95 145 

(1) Activity of su'csti tuted uhenols in field bioa.ssays 

A number of moth species (Jacobson t:,~ al., 19·7ob; Adler et al., 

1972b) l::wc been shown to respond to com~ounds closely related to 

the sex phE:::i~ornone and so field tests were carried ~ut with a few 

simple phen:)lic comp::,,_mds to test their activity f'~ainst the male 

grass grub beetle. The following compou.'1ds were tested: 

1-naphthol, 2-naphtho1, 2-phenylphenol (sodium salt). J-aminophenol, 

4-runinophenol, 2-methylphenol, 4 .. rnethylphenol, guaiacol, vanillin, 

thymol, carvacrol, catechol, resorcinol, q_uinol, pyrogallol, 1,2-

dihydrox,y-J ... allylbenzene, and 1,2--dihydroxy-'+-allylbenzene. The 

last two compounds 1Jore synthesised using the method of Perkin and 

Trikojus (1927). 1;1.ch chemical was tested in duplicate as an un­

di.luted re:1gent (0.25-0.5g) or in aqueous solution (50 ppm w/v). 
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'l'h ;-:,• •1 ' t · 
4 8 L•e .. ,.::.1. e:s\:,s ,;-;;re car.r-icd out on three successive evenings when 

beetle flign' +v',-, '""··,rrect· -t.) ' .- t' 
- ~ u,,--·L-- ..., .u-c. none 0-1. ne co:-:npounds attracted grass 

T;~_scussio1.1 

Prior to tl-1:is study. th0 beetle sex pheromones that had been 

ide;1U fied i.nc1uded -cerpene and terpene-like compo,mds for a few 

bark beetl<:>s, Vf:.laric acid for the sugar beet wire·wrm and trans-3, 

ci~-5,-tetraciccadienoic acid for the black carpet beetle. It was 

qui tc unexpected, therefore, that phenol should per .form this 

function in the gras5 grub b8etle. Recently ho•-•ev"'- 1·6 d·,..h ' ,. ,.,, ~,. • • l._, -

loroF~-,_cnol has been identified as the sex pheromone of the lone star 

tick (berger, 19?2). 

The presencG of phenol in a beetle was not unexpected for it 

had pre·vim .. :sly been shown to function as a defence substance in the 

rayriapod, O.coa::rctata (Monteiro, 1961), the ten~brionid beet),e, 

Z.ruf-2.~..!?.. (Tschinkel~ 1969) and a number of carabj_-i. beetles 

(Schildknecht e\ ~. 1968). It is also of interest that the phen­

olic compou..~d, methyl eugenol, has been used successfuJly in com­

binatj_on with methylcycloheY..ane propionate, phenetnyl butyrate, 

(Beroza, 1970; Ladd, 1971) a.nd host volatiles (Goo~1ewardene et al., 

1970b) n.s a'1 attractant for both sexes of the scarab beetle, Popillia 

.si£:Eonic§:. This insect is closely related to the grass grub beetle. 

Hatbison (personal communication) also reported that phenol attracts 

another scarab, the rhinoceros beetle, Ogctes rhinoceros. It may 

be shown in the future, therefore, that volatile phenolic compounds 

play an im_;:v.Jrtant role in the life cycle of a number of scarab 

beetles. 

The presence in the female grass grub beetle of phenol which 

is higbJ_y toxic to most organisms raised a nuI!lber of questions as 
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to its ox·iv .. _·j_n [1}ld storc"!.,.~A. A po , • , t b 1· 
, •- -- a . s~o.n.1.e me a o ic origin of phenol 

is phmyltlcix12.ne Hhich Ls ;-:.,,. essenti2.l ar:uno acid in the diet oi' 

insects (GiJ.r.,._)u:c. 1Q61). -J_r1 ·'-h f 1 d · 
• ,, - l, e proc-:-ss o .1ar ening and darkening 

(sclcrotization ',1 of -th,,, c·1,~·1.· <"le of • .1. 
• ""- • - ,, ✓ 1.nsec 1.,S, phenylalanine is oxid-

ized to ty-.cos:i.c1e and a nv~:.ber of' phenolic intermediates which include 

dop2. and dop3,r·/t.ne. :i:1ocJ.i.fi:::c<.tion of tyros:ine or one of these inter-

produce phenol. 

A nuJnber of studies on the sclor0tization process have revealed 

that phenols cr;.n be storc:l as the irmocuous glucoside and when re­

qu.ired can be 1ioerated by the action of the enzyr,~a. ~-glucosidase 

(Brunet a'ld Kent, 1955; ?Y-w1et, 1967; Winteringham, 1965; Smith, 

1955). This mecha...'1ism of phenol storage was investigated for the 

fem ale grass grub beGt::..e. ·1.·ests --;:ere carried out with emulsin 

(~-glucoGiciase) o~. aquGOus extracts 01: f t::male beetles aged 2-4 days 

old. 'l'rLi_s ;,,ge ran;:,;e was selected as the phenol level was at a min-

inmm and if phenylglucoside was the precursor it m3.y have been present 

at a maximum level in young beetles. No e:>..-perimental support for 

this method of storage was obtained, however, for ·phenol was not 

generated in the fernale extract 1d th ~-glucosidase. 

Hoyt and co-i-;.,.;rkers ( 1971) suggested that the colleterial 

glands, which are as·=wciated with the fe:r.~tle's reproductive organs, 

may play an import.ant role in pheromone production in grass grub. 

They showed, for exa.--;-,ple, that a ty.r·osine medium innoculated with 

symbiotic bacteria,found. in the colleterial glands, contained phenol 

after five days. They inferred that this could be the mechanism of 

phenol production in the beetle. 

The colleteria.l-g1ands in the female beetle are situated in 

the last few alxl.o:rd.nal segraents and while it does not necessarily 

follow, it is reasonable to 9uggest that, if phenol was produce-din 
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this region it wov.ld be releaqprJ ne..,·•.·by. If 
~ --- =· so, this would be 

inconsistont with u:)rk on the ~~J.·_+ 6 o_f p·h,::o.-1",,r,",one - t 1 - ,., _ - - . pro0-uc ion aescribed 

in Secti 0n 5. 2 (a) , where it was shoT,,""n tl·1".-'-l, the h , ~, p eromone appeared 

tc be produced withj_n the first three abdominal segments on the 

dorsal side of tho female. 

Studies of the a.rori1atic defense substances in a member of 

carabi,J and tenebric~Lid beetles have reveaJ.e.d that phenols and 

quinone.s ar~ produced by specialized exocrine glands and stored in 

sac-1-~ke reservoirs. Th,,,. gr~ct,,-, b "ld f • 1 • th f aJ ~ a. , •• c1,.1.. UJ. ,.-up o pneno in e em .e 

grass grub beetle from about 4 days onwards suggest:3 that the pher­

omone is stored in a similar manner. 

'I-he level of phenol in the virgin female beetle which increased 

to a maxi.mum of 1. 5 pg per insect was about three times greater than 

that reported for the black carpet beetle seY pheromone and one 

hundred -i.:.Lrn.::::s less than that of the sugar beet wireworm. 

The phenol level in the mated female beetle was about h;:df th:i:.t. 

in the virgin female and this is in agree,11ent with work on other 

insects which mate mere than once. In these cases the sex pheromone 

is maintained in the mated female at a significant, but somewhat 

lower level than that in the virgin female. 

Throughout the development of the isolation p:::-ocedure, indiv­

idual bioaseay results were not always reliable, therefore, each 

si&nificant isolation-step was repeated at least two or three ti.mes. 

'l'his inconsistency of the behavioural tests may provide one explan­

ation for the results obtained in the partitioning experiments with 

acidic buffers. Another possible explanation is that the female 

grass grub ~eetle, like many other insects that have been studied, 

uses multiple pheromones one of which is acid sensitive. On the 

bulk of the evidence presented in this and following chapters, 

however, it appears u.~likely that a multiple pheromone system is 
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j_nvolved. 

5.4 Conclusions 

Sectioning experiments on female grass grub beetles aged 

10 J.ay8 old indicated tl12~t the sex pheromone activity was, produced 

dorsally wi Uiin the first three abdo::ninal segments. 

The se::-: pheromrwie was extracted from the f0~r1ales I abdomens 

by surface washing with diethyl ethero The behavi.our of the pher­

omone in a number of functional group tests and concentration steps 

was consistent with that of a phenolic compound. The isolation pro­

cedure used on a crude ::;thereal extract of female abdomens consisted 

of high vacuum distillation onto a. condenser filled with dry ice 

followed by gas liquj_d chromatography of the vacuum distillate. The 

statJ onary phase selected retained the majo:;:-i ty c...::: co-extracted 

impurit~~s ~t the top of the column and this facilitated the isolation 

of pure fractions. The gas chromatogram consisted essentially of 

one component whose retention time was identical wi.th t:;:1at of phenol. 

The presence of phenol in the female beetle was subsequently con­

finned by high resolution mass spectrometry. 

Phenol, which could not be detected in male t0etles, was shown 

to stimulate males in the laboratory but the excelJ.ent responses 

obtained in the initial tests could not be repeated in subsequent 

::;easons. In contrast. to this situation, phenol consistently attracted 

young males in matinr; flights in the field and this is the ultj_mate 

criterion in the identification of a pheromone. 

The phenol level in f~~alc beetles increased to a maxi.i.uu.~ level 

of 1.5 pg 1'1F.r insect at about 8-10 days after final ecdysis. This 

is about the length of time the female is present in the soil before 

mating takes place. 

Field tests were carried out with eighteen phenolic compounds 
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as undiluted r(,ci.f~ents and in aqueous solution but only phenol 

itself attracted male grass grub beetles. 



CHA.PTER VI 

BE "_,-.,L-'I,F: '1.·'•o· p·· 1 --·--o-• ~ L,~:.: J, AND H.E:LAI'ED G)EI-OU:-TDS 

6.1 Introduction 

During the course of this study, phenol consistently attra.c­

ted male grass grub beetles in mating flights in the field but 

reliable results were not obtained with it in laboratory behavioural 

studies. 'l'his suggested that, in order to induc~3 strong sex stim­

ulatory activity in males in the laboratcrtJ, either the r:;.te of 

phenol release was critical or an additiorial phenol was involved. 

The electroanten•1ogram (EAG) was developed, therefore, in 8.Jl 

attempt to resolve t~.is issue. It has bP.en :1hown in all the EAG 

studies with sex pheromones that the st:..~ongest responses are 

obtained with compounds wriich c<1rrespond to the natural pheromone. 

This phenomenon was discussed in Section 2.9. Thus, if a multiple 

component pheromone system was used by the female -~rass E?,rub beetle, 

the crude female extract shoul~ produce~ stronger E~G response than 

phenol alone. 

Normally the EA.G method h:i.s been used to complement laboratory 

behavioural studies but preliminary F..AG studies carried out oy the 

author, ·with the e.xcised antenna of the gum emperor moth, Ant.heraea 

eucalypti, rGvealed a nwnoer of advanh.ges of this assay method over 

behavioural bio8,ssay methods. The EA.G provided a quj_ck, reliable. 

objective bioassay which could be carried out at all periods through­

out the day. 

The EA.G method has been used in sex phero:none studies of the 

closely related scarab, Popillia j_aponica (Adler and Jacobson, 1971). 

105 
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'fhe r0lationship between field attractiveness of a number of 

chemic:<'<.ls c>.,Jld the nagnitu.des of' the EAG resp:mse in P. japonica 

adults has also been investigated (Adler ~.!:. al., 19'?2). The 

aim of the latter study was to screen possible att:-~aC;i:ants for the 

beetle in the fioJ..d. 

In the present grass grub beetle study, antennal response to 

a variety of phenolic compounds was studied. '!'his providec. a com.­

parison with the resr,onse to phenol and helped check for inhibitors, 

since as :Joeckh _et al., (1965) had shov.m, inhibitory stimuli induced 

a po si ti ve pot en ti al i.n the a.n tenna, rather than a negative potential 

exhibited by the sex pheromone. 

6.2 Experimental 

Beetles agsd 7-!~ days after final ecdysis were used in al2. the 

tests. They were raised in the laboratory uoine techniques pre­

viously described in Section 4.2a. Fo .. ~ electrical recording, the 

beetle was placed on its ;;,ide in a cork cavity abo1.1t the size of a. 

beetle and held in position 1-ri th I Sellotape' . The antenna was exposed 

to f acili ta te the insertion of the electrodes. In .. order· to select 

suitable electrodes i:.Jr the EAG measuremc,its, the impedance of the 

antennal fluid with~ number of different electrcdc materials was 

measured. The impedance for glass capillaries filled with saline 

was 2 megohms while that for gold, platinum, tungsten, and nickel 

electrodes was 3, 20, 35, and 100 megohras respectizely. In view of 

the lower impedance with the glass capillaries these were used 

throughout the study. One of these was inserted into the third 

a."ltenn.al larnella and the other towards the distal end of the scape 

(Plate 6.1). To assist in the insertion of the latter electrode the 

cuticle was pierced with the tip of a tungsten wire, electrolytically 

polished to a tip diameter of 5-10 p,.-rn (Payne, 1970). The glass 
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Plate 6.1 Position of glass capillaries in the male grass grub 
beetle antenna. 

I ----------------7 
I I 

shielded I I 

cable .l. C1 R1 1 Output to 0·5 mV 
A n,,,t_e_n_n_a71 ;E:======T3 ~-----, 1 Potent i om etri c 

I R2 1 Recorder preparation I R3 1 

I•~ I 

Plate 6.2 

C1 0·1- IJLF 

R1 lmeg ..n 
R2 2 meg ..n 

I r'\ .I. i 
I R4 ! 81 I 

nmicro 
switch 

R3 13 K..Q 
R4 10 ..n 
8 1 1·35V mercury cell 

Conoling box circuit diagram. -·.i.: '.'.> 



COUPLING BOX & 
lmv. CALIBRATING SOURCE 

l.08 

Plate 6.3 The antennal preparation and electrical connection to the 
coupling box and 1 mV calibrating source. The glass 
capillaries filled with saline were held on Picien wax 
m01mted. on plasticine. The beetle was hf:..1d in a cork 
cavity with 'Sellotape~ 

Plate 6.4 The apparatus used for EAG measurements inside a Faraday 
cage. 
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capillr..:.ries were dr2wn by he.nd. to a tip size approximately 

20 prrt fro1,1 5 µl 'i-Lcrocap I co,pi.llaries heated in a micro burner. 

Before j_nscrtion; t11ese were filled h~.th 1H sodiun1 cr.J.oride and 

sealed on to a piece o:· Picien wax mounted. on plasticine. The 

plasticine provid~Jd sufficient fJ ex::i..· b' l' t f th • t· " • J.. 1. ,y . or ::'! inser :i.on oi 

the electrodes while the F:;.cian wax gave ri6ridi ty to the electrode 

system r,1ini.:,:1ising the displa.ccment of the electrodes due to antennal 

moveme:1ts. The insertion of the electrc,,les was carried out at a 

40X magnification using a stereomicroscope. 

The electrical connection was made with 0.25 mrn platinum wire 

t~rough a shielded lead to a coupling box and a Bausch and Lomb 

strip chart. recorder with a res~:>nsc of 0.5 mV full scale deflect­

ion. 'l'he coupling box circuit diagram is shown in Plate 6.2. In 

addition, the EAG 1 s from each beei,le were calibrated with a 1 mV 

souroe wLich could C'<:l placP.d in series with the electrodes by means 

of a rrJ .. C'ro:':i1ritch. T!1e anten,"1al preparation and electrical connect­

ion to the coupling :JOY: and 1 mV calibrating soure;e is sho11m in 

Plate 6.3. 

Each odour sample to be tested was pla.ced on a piece of Whatman 

No .1 filter paper contained in a glass tube. This was inserted int? 

a hole in the pers pe...: holder, showa in Plate 6. 4, and moved into 

position directly beJow the air supply. A metal plate (5 x 10 cm) 

with a hol:e (1 cm dia.) in the centre was held beneath the holder 

to reduce contami.nat.i..on .from adjacent glass tubes. 'l'he antennal 

preparation was placed below the hole in the path of the air stream. 
. q. 

Samples were tested inside a 2 m_, Faraday cage to minimise elect-

rical interference, and a 2-second puff of air, regulated at 700 

ml/min was passed over the cintcmna. 
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6.3 Results and discussion 

(a) Antenr1al res-ocnse of malos to phenol 

The shapes of the EA.G I s recorded .fro!!l ai;. antenna of a male 

grass grub beetle in re.,ponso to given amounts of phenol on filter 

paper are shown in F':.gure 6. 1. For this male beetJ.e, the· EA.G 

response to a puff of air vrith no phenol on the filter paper (a) 

was 150 p.V • The ?..J.r respouse. varied from beetle to beetle and 

rang~d .from JO to 250 p.V. A.11 the EAG r-:::sults presented are net 

responses i.e. R~G response to the treated filter paper minus the 

corresponding air response for the particular beetle. The observed 

re.1ponses were similar in shape to those recorded for the Japanese 

beetle (Adler et ~-, 1972a). T}.e F.i:.G response to stimulation 

typj_cally consisted of a rapid (within 0.5 sec) negative change 

in potentic>J. at the recording electrode, relative to the indifferent 

elect:-:-ode 1 followed by a slow return to the baseline (within 4-5 sec). 

The run~lituae of the rapid initial negative change in potential was 

used as a quantitative :;:9asure of the strength of the EAG. 

The response to a 10-fold phenol dilution series which ranged 

from 0.01 to 1000 pg phenol on paper was measured on seven male 

antennae. An unequal number of measurements was made at each level 

and this is indicated ( n-values) on Figure 6.2. The curve in­

dicates that antenna:. response rose to a r1aximu.rn w:Lth about 10-20 _p.g 

phenol on the filter paper and diminished below 0.01 µg phenol. 

While this was the case in general, a few male beetles did respond 

to as little as 0.001 µg phenol on the paper. 

Male response to phenol varied considerably within and be­

tween antennae and the within antenna variation was greater for 

the more responsive ax1ten.11ae. vlith the exception of one antem1a, 

the response of each antenna diminished with time. This effect, 
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nreswnabl',f d.ue to f·,t· ' t t· , ~ ir;ue or 2~1:tp ,a ion 1:.'.1.s indicated by a 

sluggish response w:i.th considerably reduced amplitude. The results 

presented ·.:ere obtained bE:.for,3 the ani..enna showed obvious signs of 

dhn.i.nL,h8:l activity, J):.lution series were always presented in se­

quentioJ.ly j_ncreasin::; a.rnou.Y1ts to minimise ad;;.ptation, and the period 

between each test was at leard~ 2 min., A 1 mV pulse ,,as applied to the 

:::-ecording eleetrode for calibration purposes before eind during each 

test sequence. 

- • After adjusting for the unbalanced replication and correcting 

for th8 time trend effect by using a limited time range for each 

antenna, least squares esti..11ated means were obtained for each phenol 

level and are shov1--n in Figure 6.2. l'here ,w-as insufficient data to 

warrant testing the variation in shape of the curve from ante:;ina to 

anten.'1a, b-t~t the quadratic component was statiGtically significant 

( P< 0. 01) compared ·with the average of the variances of the estim-

ated mGans. 

(b) Ant,:mna.l r(~soonse of males to substituted. phsnols 

E\G studies car~ied out by other workers have indicated that 

whilP- inse~t antennae respond to compounds closely related to the 

sex phcrom-:'1e, they are usually less sensitive to them. A number 

of substituted phenols possessing vapour pressures comparable with 

phenol ( Table 6 .1) .-::;re selected, therefore, and tested for activity. 

Table 6.1 Vanour pressures at room temoerature (20°C) of the 

substituted phenols used in the EAG tests. 

Com!)Ound V. 'fl· (mm Hg) Com.pound V.p. (mm Hg) 

Phenol 0.53 2-EthyJphenol 0.18 

2-lfothyJ:phenol 0.27 3-E.'thylphcmol 0.12 

J-Eetby1;:-Jhenol 0.12 4-E.'thylphenol 0.07 

4-Hethylphenol 0.11 2-Isopropylphenol 0.08 
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The tests were carri cd + f 1 OUv on .our ma e antennae and the 

results for one of these is shown in '1'able 6.2 

Table 6.2 L\l.~~--rc:':;'.,onses c~i_?: male ;:~:-1tenna to nh::mol H.nd. 

alkyl su.-osti tuter:1. nhenols 

Compound 

Phenol 

2-Hethylphenol 

4-:•:iethylphenol 

2-Ethylphonol 

EAG (pV) f'or 

0. :t pg 

620 

0 

130 

0 

phenols on p2.p:;r 

1.0 p.g 10 pg 

'?50 1650 

450 670 

90 690 

32.0 1000 

'I hes(➔ results w3re typical of the pP.tt~rn of re.:::pon~e f h "' '"- ,_. ., or eac . 

antenna i.e. for a given weight of compound, phenol itself elicited 

a higher re'.Ti-i)nse th~11 any other phenol tested. Thus the res1-xmses 

to 10 pg of ea.ch of i.:.he phenols on p~1per indicated that the response 

to phenol its elf ( 1650 p.v) was hal1' a.s much again c1.s that to 2-ethyl­

pha'1ol (1000 J1V) and nearly three ti:11es as 18 .. rge at> those to 2-methyl-, 

and 4-methylphenol (670_, and 690 p.V re~;pectively). .ti+ the 1.0 p.g 

level, however, the differences were not as large. As e>'ICpected, the 

antenna was always more sensitive to pher . .Jl than to the substituted 

phenols. This is illustrated in Tabl0 6.2 where at the 0.1 pg level, 

the antenna did nc>t respond to ei thcr 2-methyl or _2-ethylphenol while 

a 620 pV response wa:: recorded for 0.1 pg phenol itself. The shapes 

of the antennal responses to some of these substitnted phenols are 

shown in Figure 6.J. 

With the exception of phenol at the O .1 and 1. 0 pg levels, the 

measurements were not repeated. At the 0,.1 pg phenol level, the 

antennal response varied between 500 and 780 p.V (5 measurements) and 

J20 and 1200 pV (.5 measurements) at the 1. 0 p.g phenol level. Other 

compounds which gave lower responses than phenol included: J-metbyl­

phenol, 4-ethylphcnol, 2-isopropylphenol, 2,3,5-tri.methylphenol and 
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Shapes of the antennal resporrne in a male grass grub 
beetle antenna to (a) air, (b,c) 10 pg and 1 pg phenol 
resp., (d) 10 flg Z--methylphenol, (e) 10 pg 3-methylphenol, 
(f) 10 p.~ 4-methylphenol, (g) 10 p.g 2-othylphenol, 
(h) 10 pg 4-ethyl phenol, (i) 10 pg 2-isopropylp!ienol 
and ( j) 10 pg 2-hydroxybenzyl a.lchohol. 
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2-hydro::-:ybenzyl alcohol. 'rhc:-,c phsnols have been tested in the 

field and. only phe::-iol itself ,ra.s fou,.,d to be active (Section 5.2(1)) 

'l'hc pos.s:'o.ble masking effect!:; of closely related phenols were 

examined by com11inin;; a few cro::ools and brornina.t.ed phenols with 

phenol itself and me0..suring any depr~ssion or polarity re'-:ersal in 

the antG:mal respcns"'· Th:i...1 l 01tter phenomenon was reported by 

8oeckh .§'..! al. , ( 1965) in s:.ud it-.o;:'l on the repellant act.ion of oil of 

clov0s on the antennal respon:;,:: cf Anthe!'~: pernyii. In the tests 

with male grass grub beetles, however, all the phenols tested induced 

a negative potential at the recording elect::-ode. 

The EAG respo,1ses obtained with phenol (at two levels on paper, 

viz., 10 ar,d 100 pg) mixed t-11.th varying quantities of other phenols 

are shown in table 6.J. 

Table 6. 3 EAG resooi;s~ of a. male antenna to mixtures of 

phenol and substituted phe..-:.ol~. 

Pn.enolic m:L,.;tures EA.G's (p.V) 

* 10 pg phenol 540 

II + 10 pg 2-methylphenol 750 
II + 10 pg J-met!'lylphenol 750 
II + 1000 pg 2-methylphenol .520 

II + 1000 pg 2-bromophenol 720 

100 pg pher::,l 700 

II + 100 pg 2-bromophenol .390 
II + 100 pg 3-bromophenol ,500 

II + 100 pg 4-bromophenol .500 

*Response varied betv;een 250 and 9.50 p.V in 8 measurements on 

the antenna. 

The re:.-:ults of the tests, which were not repe;::.ted on other 

t d that the male antennal response to phenol was antennae, sugges e 

not subst8.ntia.lly depressed by the addition of substituted phenols. 

d h l Selectc-d in the expectation of a possible 'i'he brominate p eno s were "' 
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blocking effect of the bromine atom on the antennal r,~ceptors. 

It rriay ne>t be passib1e to detect such ef.fec t.s with the JYI.G 

technique, hm:-ever, for in a p~.per published afte:r this woric w::..s 

co::,1pleted, Itoelofs and Comeau (1971b) showed th~.t trr..:1.s-11-tet:.radec­

enyl acetate, w:1ich inhibited the attractiv3ness cf the cis isomer 

in the field, induced a good EA.G response, in the red-ban.:::.ed lt~af roller 

moth. 

( c) Com..£_s.r~~~n of t i,e m.ale antenr.al :resnonse to ohen0l aaci. 

a fem:-:il o extract. 

A crude female e"."tra.ct prepared by surfa~e w.:ishln1: the abdomens 

of females with diethyl eti'ler was a..Ylalysed for pnenol by gas chrom­

atography and 1,r1e volume of the extract "'.cl.justed to give a phenoJ. 

conceritrRtion of .50 ppm (w/v). A::i. aliquot of tLis extract (20 pl) 

containL'1g 1 Jl'.; pher:---1 was then applied to filt:ir pa~er a~:d it~~ 

a~ti vi ty at the ante.::ma1 level comparerl. ,ri t:n 1 pg phenol from a 

100 ppm ( w / v) standard. 'fhe oi:-der of -testing was .. ~ax1domise..: and the 

treatments were tested t.l::'."ee tr.,es on ea.ch of three male beetle 

antennae. The res,Jlts of this comparison are ::;hmm in 'l'able 6.4. 

Table 6.4 Comparison of the male antennal respone-~ to 

phenol ar:~ a female extract. 

Beetle 

Fernale 
8 extract· 

Phenol 
(1 pg) 

H0"D 5",zb .l'J. ,., 

t.verage male rosponst.:, (p.V) 

1 2 .3 4 5 

50 80 298 143 167 168 

54 98 3.51 170 164 2.57 

.38 

6 

77 

162 

Mean Overall 
.nean 

1.38 111-0 

194 182 

68 .37 

a An aliquot was taken containing 1 pg phenol. 

b Ninimum difference for significa.nce at .5% probability 
level. 
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'I'he co • ,nparison was made initi;:.lly with three beetles 

(nurr,b0rs 1-J) a.i1a' t1-- '· ,:>.c• .1e CL • .;_erence o.f 27 betweea the mean.s of the 

average res1 ·,n <,cs to the female extract and phenol was not sig-

nificant at :3 5/, probability level. The average rE,::,ponses for 

two of these tr..ree beetles were lo·w ( <100 pV) and; therefore, the 

comparison was repeatc,d with a further throe beatles (numbers 4-6). 

These results indica·t-,:d that thore was no significc:.nt d:t.r'fe::.~ence 

(P<0.05) in antennal response bet.,rnen the female extract and phenol. 

The overall analysis did su13r~est, however, that the male 

antenna was more respo,1Si.ve to phenol (P< 0.0,5) than to the crude 

female extr2-.ct. 'rhis d:..fference may be associated with the co-

extracted fats, etc., which would be expected to redu0e the ra-re cf 

phenol rele~se and thereby reduce the amottnt of phenol dispersed 

over the ant,mn~. The shapes of the antennal response curves were 

similar (Figure 6.1) for the two tr,3atm::mts. 

(d) Antennal resnonse of femal0s to phen~l 

All the sex phe~:0moncs extracted f'rorn female mot~.3 have el­

icited strong EA.G responses in male but not in female antennae. 

However, in the cases of the queen butterfly, Danaus gilipPu~ 

be:cenice (Schneider and Seibt, 1.969) and some bark beetles (Payne, 

1970) both .sexes have responded to the same extent to the sex pher­

omone. In the latter case both sexes aggregB.t.e to ·i~he pheromone. 

It was found that phenol induced. a reaction in the female 

grass grub beetle. For example, the average responses (air responses 

subtracted) from three female antennae to 0.01, 1.0, 10, 100, and 

1000 µg phenol on paper were 25, 35, 150, 150, and 150 JlV respect­

ively. 

Thus 10 pg phenol gave a response in the .female antenna comparable 

to that obtained for 1 pg phenol i.n the male antei-ma in Table 6.4. 

In field experiments, very few f cmales have been attracted to phenol. 
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6.4 Conclusions 

11:ax.1.mum antenna.l responses in the male grass grub beetle 

were obtained w-ith :l.0-20 pg phenol on S.'ilter paper. Normally 

the n.cti vi ty of ;')~ler:.ol c::Unj_nif-;hed with levels less than O. 01 pg 

but in some cases beetles resvmded to as little as 0.001 pg 

phenol. 

In the E'J,_G tests with a number of allcyl substituted phenols, 

all the compounds induced negative potentials in the antennae. As 

.expected., male antennae were less sensitive to theoe compounds than 

to phenol and the magnitude of the response was always less than 

the correspondine; T,;eight of phenol. Atternpts to use the technique 

to investigate possible inhibitory ei'fects, of phenol analogues, by 

measm~ing a polarity reversal or depression of E.!\.G activity, l.·ere 

unsuccessful. 

Comparable EAG respons0s were obtained with a crude female 

extract and phenol alone when compared on an equal phenol weight 

basis. :i.t appea·1°s, therefore, that the female be~tle does not use 

a multiple comp~nent pheromone system. 

Phenol induced_ a, slight antennal response in fa11ale beetles 

but the mag::-itude of the response was at most one tenth that for 

males. 
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~-- h. ;•.tJ::i WI'I':-t FHD\OL FOR GHA.SS GRUB CONTROL 

7 .1 Introduction -·--------

Tho :i.dentificc"1t-i..on of Phenol as the sex phero11,0ne of the 

f::;m.a],3 grass grub u.3etle opened up one of the first possibilities 

of using a sex pheromone to control an insect with a.n unlimited 

supply of the pheromone. Furthermore, if such direct control by 

phenol was possible,, the method would probably be economic because 

of the low cost of this comp:nmd. 

Sex pheromones are oy necessity volatile chemicals and if they 

were simply used al.one in the fiel-:! they would remain effective 

for a very short time. Thus, in order to use sex pheromones in 

control programmes, t.hey have to be formulated in a manner to release 

the- phero:none ac a cc!1tr-0lled, optimU111 rate for the entire mating 

period oi the insect co11cerned. This condition is especially cri t-

i cal for the attrach.:1t mei..~1ods and to a lesser extent for the 

11.onfusion' method (discussed in Sections 2.12 and 2.13) where too 

high a rele::ise rate will be an tmnecessary waste of pheromone. 

In order to evaJ uate the possible behavioural methods of 

grass erub,control with phe..~ol,therefore, it was important to 

develop a means of di..ipensing phenol at low, tmiform release rates 

for the ~1tire adult ~ating period of 3-4 weeks. In this respect 

a paper by Osborne and Hoyt (1970) was significant. These workers 

reported a i,hermosetting phenol-fo:rmalde\yde resin, Durez 12687 

(manufactured by D~rez Chemical Co., Akron, Ohio, U.S.A.), as 

being highly attractive to male grass grub beetles and stated that 

phenol was ;:;.,n active component in the resin. Subsequently, it was 

119 
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found that the D-c.cJ.ition of 1--,ater to tr,r:> re'°'"'n to f'orr•1 a pa"'+"" 
.,, __ ,,, a....,.1,.. - ,.\.._ -0 i..•v 

produced a te.--i- tc cne hundred-fold increase in the potency of 

the_ re::.ii.11 (Osborne, personal cormnunication). 

Durez resin h~s many ad.vantages in that it is potent, cheap, 

readily availaole a.nd can be easily formulated with insecticides. 

It has been found, however 9 that the release of phenol is drastically 

reduced. ,·rhen the p0\':4~er is applied to pasture. Attempts were made, 

the;.~efore, to develop a cheap means of dispensing phenol which 

could be spread onto pasture in aerial topdressing prograinmes 

and which would retain activity for the entire adul-::. mating period, 

under all weather corid.itions. In order to assist in the developnent 

of su.:!.table dispense:::-s,a method of measuring phenol release rates 

in the laboratory was used. 

~--Then suitable dispensers had been develc.,ped, .aeld trials were 

carried ~ut to evaluate the potential of phenol in grass grub con­

-Lrol. Prior to this, however, preliminary field work Has ca,:-ried 

out to assess the rates of release for optimum att:racti.cn, the 

distance of attraction, and the activity of various phenol formulat­

ions compared to fe.maleb in the natural population ... 

7 .2 Laboratory studies 

(a) Detennination of phenol release rates. 

H.elease rates of' phenol were detennined by pazsing moist air 

slowly over the substrate for a defj_nite period of time and trapping 

the phenol in 100 ml of 0.51t sodium bicarbonate or water. The 

substrates e.g. wood cubes, filter paper circles, or powders, were 

held at 16°c in a glc:.ss tube (1m x 4.5 cm ID). The apparatus held 

20 papers (4.2 cm dia) placed on their edge, and allowed the surface 

of all the substrates to be exposed to the carrier gas. Weathered 

. 60 substrates taken from the field were held at 1 _C for a few hours 
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before the determination of release rates. \.-food cubes were anal­

ysed in b2.tches of 20 or 50 depc:ndj_ng on the release rate of phenol. 

Pheaol rclcc1.se rates .from pasture were obtained by placing a 

':J:tnchester bottle with the botto:n rern.oved on a piece of treated 

turf• Air was then c.r2.m1 through the bottle and into ,50 ml of 

0.'5/; sodirnn bicarbonate contained in a wash bottle attached to the 

,-linche;:; ter. 

Phenol was analysed by either gas chromatography (GC) or the 

cta.YJdard colormetric method of analysis developed by Welcher ( 1963). 

In the GC method, phenol was extracted from the aqueous solution 

w1th diethyl ether C-:1 x 15 rnl) and the combined q_iethyl ether phase 

rec',L'Ced .. to 5 ml by passing a gentle stream of air over the ether 

held in a water bath at 40-5o0 c. A 5 pl 2liquot of the sample 

solu·don was injected. on to a GC column which cons:i sted of' 2% 

Atlox G-1292 emulsifier on 40-70 mesh Silocel. The column was 

operated under isothermal conditions at 150°c ar.d a nitrogen i.'low 

rate of l-1-0 ml/min. T:;.1is method was used when the r,otal amount of 

phenol exceeded 100 pg for the :results of repeated recovery ex­

perLYJ1ents, sho-wn in Table 7 .1, indicated that low recoveries were 

obtained below this level. 

_'.I'able 7.1 Recoveries of phenol using the GC method. 

f..;11ount of nhenol ann1ied to 

0 ... ,.1 di .:;J, so um bicarbonate (µg) PercE=mt recoveries 

104 100, 100, 100 

102 100, 97, 97 

5 X 10 50, 50, 50 

2 X 10 20, 15, 15 

The color:i.Inetric method depends on the reaction between 

4-aminodimethylaniline and phenol under acidic conditions. The 
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re3.ction pcc-cl.uct wb:w: treated ,-th.1, calcium hypochlorite produces a 

blue colour :.1. U_cn du2 forrc. .. s.tion of an :i11dophenol dye ( Cl,-Naph-

thol blue). In this nc~J':.hc.i t>ir- 2-.qllc,•~s biearbonate solution was 

treated ·ff.i.t h -:1. few •::1r·or-'= of 4-am~_nodi.me-t.hylaxi.iline sulphate in dilute 

sulphuric 2-c;id and t',c,n titr·a.tc~dwJ.th 0.1j~ c~lciuu1 hyp::ichlorite 

so1.ution un Li__l the bh'.,~ colour;,;.:,:i_on .::ppeared. 'l'hP- bl.ue dye was 

cxtr.qcted ).11t, chlo1Y).f,;:n:1 ( 10 ml.) and the optical density measured 

c1.t 600 nin. 'l'lJis rnnUio:J, ~Thiel~ \·:'as used 1·01° phenol levels below 

_100 p.g, hc1.d 2, phenc.,l ic~entificat.j_on limit o.f 2 pg cU1d. gave 100'/; 

recoveries c.tow;1 to the 5 flg phenol level. 

(b) Phenol rhsueri.sers ----. --~- --
(i) substrat,3s 

It was f 1..)unci that when powders containing phenol 1•T•3re ap!Jlied 

to pasture -~h3 rate of phenol release was r.:onc . .ideri:).bly reduced. 

This clffect is ill'..1.s~ratcd ~.n Table 7 .2 for Durez powder ~:1d a. 

powder contc~:.n::.r..t; 1;/2 ;-Jhe,,ol on lime. 

Table 7 .: I:.ffec c ~- th"" phenol :release ra.te of th~ application 

_!.o pastur~_(?f_p,.c,wders containing phenol. 

Surface of Ti<11e Rf+,er Phenol release 

application application (h) rate (µg/'r;,) 

j_JQ mg Durcz, 12687 Filter paper 0.1 - 4 ,, 
<V 37.5 

II II ., 24.o - 28.0 28.5 
11' Fa'3ture 0.1 l,1,-.() J.O 
II II 214-.0 28.0 0 

100 mg 1{ phenol Pilter paper 
on lime 

0.1 - 4.0 6.5 

II II " f")J, ("\ ')0 I"'\ ,:_ ,:_ 
~..,.ciV ~ ,:.,,v.v .J•.J 

II Pasture ('. ~ - 4.0 2.0 

II II 24.0 - 28.0 0 

----------·----
f·r•o;T\ b-.-:.i+h t.1_._.,P,se fonnulations was reduced, rcleane ,,,_ ~ v '-

compared to th.:tt fr,)m fil te:r pa.per, a.s soon as the powders were 



applied to -Lhe past, . .n~o. r,.or 1 • t 1. 
J.• ex:J.Jnp. e, w1. ·,r1 the Durez powder which 

contains Lj-2.0/ p~12,10l, the phenol relE.,ase 1~ate dropped ten-fold 

from 37. 5 to 3 • 0 11g/ h and a.ft er 21.1 hours, phenol could not be 

detected Q'.ff•.r the past1 .. n:e" A thrce=fold drop occurrm:i for the phenol 

on li.,ne (6.j to 2.5 p.g/h) and aga_-i__n phenol could. n,)t be detected 

over the p2.sture 24 },ou:r·s after application. This reduction is 

probably rcl.-:,_tecl. to s'.)il moisture effects as well as phenol adsorr,t­

ion on soil particles, soil orge.n:\..e matter, and. the foliage. 

Attempts were made, therefore,to develop suitable cheap dispensers 

that could be applied to pasture and retain activity fo;,· the 3-4 weeks 

of the adult mating period. 

Wood was selected initially as a possible d.ispen~ine medi11.m 

because oi' ;ts ability to absorb liquids and the expected strong 

H-bonding adsorption effects between cellalose a..,d phenol. Such 

effects would be likely to assist the r3tention of phenol on weath­

ering. Kauri wood was selected as it was reasonably porous, possessed 

very little odour anc could be cut easily. This latt~~ property 

was important in preparing the thousands of O. 6 cm3 wooden cubes 

used. Phenol was applied at three rates (1. 10. arid 100 mg/ cube) in 

diethyl ether to batches of 2,000 - J,000 cubes and allowed to soak 

for about a week. After removal of the diethyl ethF:lr by rotary 

evaporation, the cube'3 were coated with a chemically resistant epoxy­

polymer, 1 Durepon 1 , which assisted in retaining high levels of 

phenol. When the cubes were unifonnly coated, an absorbent material, 

powdered firebrick, was added to prevent the cubes from clumping 

together on drying. In each coat approxiil'lately 50 mg Durepon/adduct 

(2:1) and 120 mg firebrick were applied to each wooden cube. 

The coated wooden cuoes, sirriil;,1· to those shov.111 in Plate 7 .1, 

were used in the pilot scale field trials in the second year of 

this study to evaluate the I con.fusion I method of grass grub control. 



Plate 7 .1 Beetles k::.J.led with fensulphothion-treated wood cubes. 
The cubes were trea:':ed with phenol and then coated with 
an epoxy polymer mixed with insecticide. 
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Plate 7 .1 illustrates the knockdown effect f • .,_ • • d t o • J..nsec 1,ici e reated 

wo;:,c.kn cubes. A fe • 1 • ' w SJ_mp e experu:1en,:,s of this type were carried 

out but were unsuccessful as phenol formulated on v;rooden cubes was 

not a su.fficie;:-1tly potent attractant. 

Phenol WG.s also incorporated into e,'llulsion paint at 11%, and 

5/• by weight and the mixture coated onto blue metal chip or coarse 

pumice particles. 'l'hi..s method was unsa.tisfactor:y &s the ph::mol 

disappeared within or.e week on weathering. A similar result wae 

obtained when phenol ( lo/: and 5% by weight) was added to polyethylene 

glycol-4000 in methylet1e chloride and coated onto 30-60 mesh firebrick. 

Phenol incorporated into paraffin wax (0.1, 1.0,ancl 5.0~ uy weight) 

was retained within the body of the wax and was not r~leased a.:f'ter 

a few days -;;eathering. 

(ii) Derivatives 

As all the substrates onto which pl1enol was in,~orporci.ted were 

unsatisfactory, ali,ernative methods of di::;pensing phenol were studied. 

One such method was tc., synthesize non •.Tolatile phenol derivatives 

which would liberate phenol slowly on hydrolysis by moisture. The 

aim was to use these materials in field trials and ··the basic require­

ments of these derivatives were that they could be readily prepared 

in good yield frorr1 relatively cheap starting mc1.teri :u.s. Various 

phenyl esters were se::!..ected on the basis of expected ease of hydrol­

ysis and the following compounds were synthesized: 

(1) Phenylstearate - this was prepared (90'1, yield) by heating phenol 

(23.5 g) under reflux with stearyl chloride (75.5 g) for half an 

hour on a water bath. The solid product, obtained by pouring the 

contents onto ice-water, was re-cr-y-stallized three times from ethanol­

water and had a m.p. 50.5-51.5°c, reported m.p. 52°c (Huntress and 

Mulliken, 1941). The IR spectrum of the compound showed no hydroxyl 

group absorption and a strong absorption band at 1740 cm-1consistent 
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with 2. C'lrbonyl bond of an aryJ ester. A portion of phenylste2.1·ate 

(100 mr;) ,rc:.s applis::l unj_formly to 20 filter- papers (4.2 cm d.ia.) 

Rnd allo·,)ed to stand in the laborato~." for several dav~ bu.t • ] 
J- pheno._ 

was not detected ab:.; 0;e ~he paners on ana.l,·<•i· s 
..L \.., ,j i..) .... Attempts to induce 

breakdm~n UJ1de r aci:::l conditions by combining phenyJ_steara te with 

stearic aci.d ( 1: 1) were also unsuccessful. 

precur·sor of phenol in the grass grub beetle and so there was a 

dual.purpose for it's p:r-eparation. It was prepared in low yield 

(10%) by treating acotobrom.oglucose (20 g) (Redemann ~-~ al., 1942) 

with excess sodium phenate (7 g) in methanol (50 m.L). 'l'his was 

followecl by h;ydrolysis of i.he de,~'os:U,ed phenyltetraacetyl glucoside 

by shaking ui th saturated ba.rium hydroxide solution. The crystalline 

product had a m.p. 1/0. 175°c, reported m.p. 174-175°c (Heilbron 

et al., 1965). The IR spectrum showed a broad hydroxyl band between 

3600-31.00 cm-1 and strong aromatic absorption at 1600 and 1495 cm-1 . 

Even though the cc~:1pound broke down readily to phe.nol, it was 

not considered to be a suitable candidate for widespread use in 

field trials because the synthesis was time consuming and expensive. 

(3) Phe:~]..b;vdrogensuccinate - this material was prepared by fusing 

phenol (9.4 g) with succinic anhydride (10 g) in a sealed flask. 

A quantitative yield. was obtained and the crystals were re-crystallized 

from ethanol-water a..nd had a m.p. 94-96°c, reported m.p. 98°c 

( Heilbron et al. , 196:;) . The In. spectrum was consistent with the 

above compound. 4 -1 It showed broad hydroxyl absorption at 3 00-3000 cm 

" two strong carbonyl bands at 1750 and 1700 cm-~ and aromatic bands 

at 1590 and 1490 cm-1. Attempts to prepare phenylhydrogenphthalate 

and phenylhj'drogerur!c:deate by this method fails<l. Phenylhyd.rogen­

succinate (1 g) applied to 20 filter papers degraded slowly to phenol 
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on standing in tho 1abor;:,tory ,:;-_,,,. t 118 lt 
- -~'"'--'- 1 resu s are shmm in 

'.Cable '1. J. 

in the 

Tim~ after 

applic2.tj_on ( dc1.ys) 

1 

8 

13 
21 

28 

32 

;Ph~£1._ol reJ..ease 

rate (µg/hl 

12 

32 
46 

330 
330 
330 

The results i,.die;ated that pheno;t. was produced at an 

increasing rate over a period of 3 weeks and was then released at 

a steady ra~e for a period.greater than 4 weeks. The degradation 

was the result of hyd.rolysi~ of the phenyl ester group and the 

increae~d ra.te of hydrolysis was presumably the result of auto 

catalysi~ due to the formation of succinic acid. The sodium salt 

of phenylhydrogensuccinate degraded very readily to phenol and was 

completely ~ydrolysed within a week. 

F~eld experiments with 1% phenylhydrogensuccinate on wood 

shavings applied to pc.1.sture were not encouraging, however, for 

phenol could not be c~tected a~ove the pasture 4 days after applic-

ation. 

(4) Diph'?,nvlsuccinat~ - this compound was prepared by heating thionyl 

chloride (2 ml) and phenylhydrogensuccinate (2 g) under reflux for 

half an hou~. The excess thionyl chloride was removed by distillation 

and phenol (1 g) added to the reaction product and refluxed for half 

an hour. A white po .. ;,rder was obtained after recrystallisation from 

0 12 0 ( ethanol-water and had a m.p. 118-120 C, reported m.p. 1 C Huntress 
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and i'iulliken, 19'+1) • In the IR spectrum both the hydro~l. absorption 

at 3-'+00-3000 c,,i-l and the carb~n;yl absorption at 1700 cm-1 , present 

in tha phenyl hydrogen succinate spectr-um, were absent. Carbonyl 

absorptj_on of ~! aryl ester was present at 1750 cm-1 together with 

aromatic bands at 1590 and 14-95 cm- 1 . This compour,d did not degrade 

to phenol. 

(5) Phenol - b::k,,netl.,vlene tetraxnine adduct - a w:b.ite c1·ys+,alline 

product (m.p. 118°c) was deposited in quantitative yield on the 

addition of hexmnctlw lene tetramine ( 11-l- g) to liq'..l.efied phenol ( 10 g). 

The product, a 1 : 1 adduct did not degrade to phenol. 

A number of other derivatiVt:)S obtained off the shelf did not 

degrade to phenol and these included: salicylic acid. pr1enyl .. alil:y­

late, phenyl phthalate, aluminium-·, calcium-, a.nd zinc,- salts of 

phenylsulphonic acid. 

(iii) Encausulation in PVC tube 

A suitable means of dispen;jing ,:;hono:i was obtained by filling 

polyvinyl chloride (r.rc) tube with liq11.efied phenol (j':1, phenol:water), 

sealing the ends of the tube and allowing phenol to permeate through 

the polar polymer wall. In weathering experiroents·with JO m of this 

dispenser (0.7 mm wall thickness), phenol was released at Jg/day 

for a period exceeding 4 weeks. The obvious advantages of this 

dispenser were protec+,ion from rain, soil adsorptiv.1, and soil moist­

ure effects. This method was used to dispense phenol in the initial 

large scale field trials at the Takapau Research Area to test the 

'male confusion• control method. 

7.3 Preliminary field studies 

(a) fJ_?._le beetle a_-1:_traction to uhenol rele8.sed at different rates 

The importance of pheromone release on attraction has already 

been discussed (Section 2.1.J). In the fi:::-ld,the rate of release of 
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phero:none from a substrate v-rill be somewhat variable and affected 

by environmental conditions such as wind velocity and temperature 

as well as the type of surface and the surface area from which the 

phero:n.one eva~::ir,~.tes. In the initial grass grub fielu. studies in 

1970, attempts w;"re made to determine tl1e phenol r l • t _ H .. eas e ra es 

which attracted the largest nu,.'11.ber of beetles into traps. Such 

inform2.tion was esseni~ial if effective control methods based on 

mass trapping were to be developed. 

(i) 'J:rial layout 

'rests were carried out on three successive evenings. Phenol 

release rates varied between 0.5 and 10 }lg/h. Eight replicates 

of each release rate were used. The traps were open ~an~ (30 x 23 x 

10 cm) contc:..ining 2 L of water with the attractant suspended over 

the water in 110 ml j;;i.rs (Plate 5.4). 'l'he traps uere laid out at 

least 20 m apart in groups of three or four in a line across the 

direction of the p1·evailing uiml. E':l.ch g~oup ~-ras at least 50 m 

apart. • 

The release rates were cbtained by using different amounts of 

phenol (100 to 1,000 }lg) on 4.2 cm circles of either No. 1, '.3, or 17 

Whatman filter paper. The treated papers were placed in the jars 

about 3-4 h~urs before flights commenced and the ap?roxirnate release 

rates, from similarly treated papers, were measure~ in the laboratory 

J-4 hours after the phenol was applied. 

(ii) Results Rnd discussion 

In Table 7.4 the mean number of beetles caught per trap for each 

phenol release rate is sho~m. As the tritls were carried out on 

a low beetle population (10-20 beetles/m2 ) the number of beetles 

attracted was low. 
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tii_f}'eren:~- ~~-~~~;101. relc-;_q :·_;e ra~tes c:i a 
loc,; :):)Y)ltl:;b 0:1 2.rea 

Mean numbar beetles Der t.,..2-1J 

0.5 
1.0 

3.0 

6.0 
10.0 

HSR (5/) 

50 

1.8 

lwening_~ 

6 

23 
22 
12 

15 
3.1 

_,_ 

E.'vening 3 

9 

30 
1.8 

-----------------------------------

The beGtle trap numbers were analysed on logarithmic trans­

formed data. For one treatment to be sign;i.ficantly better than 

another at -+:.he ,Y/, prr:-½ability level, the ratio of the mean catches 

for the two trc::atmen-i..a had to exceed the minimum significant ratio 

For example, en evening 2, the mean catch of 6 beetles by 

the O. 5 pg/ h treatment was significa:utly less, at lhe 571, probability 

level, than the mean ~r._tch of 23 for t.he 1 µg/ll trcatni~mt, since 

the ratio 23/6 (=J.9) was greater than 3.1, the MSR valu':\. Further­

more, there was no sj $'-rlificant difference ( P < 0. 05) between the 

mean catch for the 1 pg/h treat"llent and tl1e mean catches for any of 

the hi..gher l)henol release rate~ because the MSR values were all less 

tkm 3.1. 

On the second evening, therefore, a phenol release rate in the 
' 

order of 1 p~;/h gave optimum catches wh;_le rates 6 to 10 times higher 

than this did not give significantly greater catches. In fact, at 

these hi..gher :r,:i_tes the number of beetles ,;rapped actually decreased. 

On the first evening, only two rates, viz., 0.5 and 1 pg/h were used 

and there ·wa.s no signific;::,_,"lt difference (P< 0.05) between these two 

treatments. This situation was reversed on evening 3, however, when 
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an increase in rele2.se rc::.te from 6 to 10 pg/h rcsiLlted in a 

sienificantly [:reater (P< 0~05) number of beetles caught. 

This chan;::;e in opti-rnxn release rate from one evening to 

the other illu:,trates another difficulty in developir~~ effective 

conh·ol methods based on rrtass trappi.ri.g. Normally at dusk when 

mating fli6ht.s take pla.ce, conditions are calm w:i.th the aver;ige 

wind velocity droppir!g to less than 0.1-0.2 kph. On these calm 

evenings the lower release rates -would be expected to be more 

effective while the presence of a slight breeze would. probably 

cau.se an increase in potcmcy of the higher release rates. In 

studies on the banded cucu.mber beetle, Cuthbert and Reid (1964) 

found that fluctuations in the nu.~ber of males approaohillg traps 

appeared to be related to changes in direct.ion or velocity of 

slight breezes blowir.g during the test. 

The type of surface and the surface area also have a sig­

nificant effect on the release of pheromone, and, therefore, its 

attractiveness. This was demonstrated. in two different field tests 

w:i.th Durez resin. In the first test, a comparison in activity was 

made between 4 mg Durez powder, 4 mg DurP7. powder dissolved in 

acetone and added to filter paper, and 1(H) pg phenol on filter paper. 

(This amounL of phenol was selected as 4 mg Durez contained 100 µg 

phenol). The total ruunber of beetles attracted in the field. to 8 

replicates of each treatment were ,Y+2, 154, and 1.58 respectively. 

As expected, statistical analysis shower! no significant difference 

(P<0.01) between the latter two treatments (phenol release rates 

0.5 and 1.0 11g/h), but a significant difft,rence (P<0.01) between 

these treatments and the Durez powder (phenol release 1.0-2.0 µg/h). 

Thus, the activity of the powder (and the phenol release rate) were 

considerably reduced by simply dissolving Durez powder in acetone 
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wh..i .. ch on dr;ying gave a fiJJi1 of resin rather than a powder. A 

similar result 'tl3~B desc1·i1Jed b y· Fen;c::more et al., (1972). 

In the othc"r test 1.,lu.ch illustra:L\-,d this effect, a comparison 

in activity 1.:·as raade be;..:rnen the sa.'l'le quantity of Durez paste 

(200 mg) applied to r-ed cotton mesh and red baffle.:; placed over 

tra.ps • (A b,D,f flc consisted. of a vertical strip ( 10 cm wide) of red 

painted aluminiu.::·1-c:,).'.).ted insu7_ating paper which was suspended over 

the trap)• Sip;ht replicates of en.ch trec).tment, spaced 10 m apart 

at ra..11dom in a 2 hr. paddock, indicated that Durez paste on the mesh 

was at least twenty ti.mes less effective than that on baffles 

(P<:0.001). An avera.ge of 23 and 556 beetles per trap were caught 

with the respective treatments. Prei--·umably in the case of the mesh, 

phenol was c~dsorbed on the fibre which substantially modified the 

rate of phc~ol release. 

(b) Dist3Jlce of attraction 

Tl:.e dic:tance of attraction to the female sex pheromone for a 

number of' scarab specie.:; has varied between 10 and JO m. Soo Hoo 

and Roberts (1965), for example,found that in a steady breeze marked 

male8 of a number of Rhopaea species flew up·wind towards caged 

females from about JO m. Studies on the sex stimulatory effect of 

isoamylaTJU.ne on the male June beetle (Travis, 1939) revealed a dist­

ance of attraction of 10-15 m. Females c:: the Jap~nese beetle, 

Popillia ,japonica, • were observed to attract males from at least 

20 m. In this same study, Ladd (1970) found that .5.4, 2.5, and O.Sfi 

of the marked. males released, were recaptured at distances of 100, 

200, and JOO m respectively from ca,ged. females. 

Attempts were made to detennine these parameters for the male 

b ·b +J b-r relccic:·; n2: marked beetles at various distances grass gru ee ~--e ::J ___ _._ ~ 

d • d f b • t d tr- ns A co.Y~b; nation of males caught in traps oimwin rom ai e d, ,;, • '" ..... ., 

on previous f:,vr.,;,'1ings and males reared in the laboratory 1iTa.s used in 
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the tes"v· s. •,·,1,1,., 1 1 .1 - ; , ~ ma es were marv.e'j_ with 'Day-Glo I fluorescent 

P')Hc1er (Turner and Gerhardt, 1965) and placed in tins of soil ,in 

b8.tches of lO'J beetles. The tins werf~ placed in the field about 

Low nu:n:Jers of rr,ar!rnd beeti_es (< 10/,) were trapped from both 

short ( 1. 5 m) on.d long ( 30-60 r.1) distances and it was obvious from 

the results (Table 7-5) that such attractant fonnulations would be 

·of little value in mass trapping progra.m..rnes. 

TarJle 7. 5 l )j_ star1ce of at traction and male recoveries 

in release-ree~t'.lre eXT.:,cri.rnents 

Attractant forr:mlation 

and phenol release rate 

Wooden cubes , 15 p.g/h 

Distance of 

marked ,-:iales 

(m) 

1.5 
J.O 
1.5 

J.0 
30.0 

J.0 

No. males 

escaped 

80 

80 

70 

65 

70 

70 

Percent 

recoveries 

2 

8 

4 

3 
1 

6 

The distanc3 of atiraction was also assessed by observing the 

position downwind of a trap from which males in the natural pop­

ulation fl,f;)w direct to the trap. Another useful method to detennine 

distance of attractio~ was to make observations of beetles flying 

across-wind, downwind of the trap. Beetles responding to the sex 

pheromone wouJ.d make an abrupt cha...11.ge in direction and fly upwind 

to-wards the trap. These assessed distar,cas of att.,_.action (Table 7.6) 

vRried betrnen J and 30 r:i. 



Attra,~tant 

fornrnJ_;,_ticm 

lJ. mg Durez po,-rder 

20 II 

25 II 

200 11g phc:iol on 

ifo.J filter paper 

Phenol release 

rate (p.g/h) 

1.5 

8 

10 

1-2 

Assessed distance 

of attraction (m) 

3-4 

25-30 
15 

10 
------------------------------
(c) Attr2.ctio;·1 trials 

These tr·ials wm•.-::; carried out to investigate the potentitl 

of a c:.mtrol method based on male annihilation. The aim. was to 

assess any reduction in grass grub nv.mbGrs in the close vicinity of 

a tr:;i.!) releasing phenol at an optimum rate fo.c attl·action. At the 

co:mmencei.~ent of these field trials in 1970 this optim.u.m rate was 

not knm-m and so it was decided to carry out tri8ls on plots n.sing 

a number of different release rates of phenol. 

(i) Trial layout 

2 Trials were carried out on plots (5 m) and these were spaced 

at least 10 m apart. The attractant sources mainly consisted of 

varying nu.~bers of wooden cubes treated with phenol and coated 

several times with ep:::,.xy resin as outlined in Section ?.2b(i). None 

of the cubes was replaced during the entire adult flight period, but 

in the case of the Du:r'ez powder this was replaced. on three occasions. 

The attractant formulations were suspended above a water trap 

placed at the centrE: of each plot cmd each evening the effectiveness 

of a partic'l·l.ar attractant source was assessed from the number of 

beetles cau~ht. 

A 1 m dia. circle of pastur·e at the centre of the plot was 

treated with the oreanophosphate insecticide, 'Dursban•, at a. rate 
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of 5 k"_: ,1.Ctive in"'1-•cr1J· en+ (a ~ ) t, l": O· ·-... - V • .1-. f nao 'Ehis treated circle was 

covered H~t.th 2.5 c:11 s;1il to facilit2.te burrowing of attracted 

b0etles .:,.,1d to provide:: protection for the insecticide, against weath­

@r1.ng • This a.rea was selected for the insecticide treatment since 

it was knoi-m tha.t bfr:::·\les were not always attracted directly to the 

s011.rce but landed at varying distances from the source. 

The beetle numbers on each plot were assessed from the third 

2 i.nstar larvae and pupae numbers obtained by taking twenty, 225 cm x 

20 cm deep spade samples and hand sorting. Treatment effects were 

assessed by sampling the plots for the following generation eggs, 

fir::.t c:1.~1d second instar la.rvae. These wer~ sorted using the float­

ation technique developed by Kain at RuaJc,;.ra. In c:"'Cler to assess 

the effect of the attractant in a close vicinity of the source, ten, 

2 225 cm x 20 cm deep samples were taken from an annular area between 
--> 

0.5 and 1.2 m from the centre and twenty, 225 cm'' x 20 cm deep 

samples from the annular area between 1. 2 and 2 m f;_•o:n the centre. 

(iii) Results and discussion 

The attractant sources consisted of different numbers of wooden 

cubes treat~d with either 1, 5, 10, 100 mg phenol, or Durez 

powder. All the attractant sources were held in a. glass jar above 

t t tl • ed. 1·n ~ect1.·on 7 3a 'rhe results of the trials t"- wa er rap as ou in ~ , • • 

are shm-m in Table 7. 7. 

In ail the treat.~ents, very small numbers of males were attracted 

into traps. This is particularly evident when the number of males 

·thi h t an of the sources is considered. For example, wi n a s .::r r ge 

in trea tr:w~1t 7, where the initial male beetle population wi thiri 2. 0 m 

of the source was of the order of 2,000, only 475 males (24-o/;) were 

attracted to the trap. If the distance of attraction is considered 



Table 7.7_ Effect of varic,'.ls phenol releas~ rat_es fr1J.n single traps on th:? ::-esultan-r. larval 

~-oulat1.on close to the attra.cc:mt sourc;~ 

Attractant Estimated. beetle 

f o r:n:D.~t tic.-n numbers within 2 m :l.nnsr 

. 2 
Larva.e/m~ 

outer 

of attractant source 

% M~les at~r~cted 

wit:1in 2. m 0f 

attr;..cta.l"lt sour<:e annulJ.r area 2:.1111ular area 
-------------

1. '1 x 1 mg ptenol 

on wood cube 480 59 50 65 

2. 5x !I 70') 22 60 40 

J. 1 x 10 mg J:::henol 700 .31 1JO 85 

4. II 88G 12 8.5 250 

5. 2 X II 1250 9 100 120 

6. 1 x 100 mg_phenol 500 .56 8 50 

7. II 2000 24 40 85 

Table 7.7 continued on following page 

1--
\.,) 

°' 



Table 7. 7 continued Effect of various phenol release rates from sin.gle traps on the resulte.nt larval 

population close to the attractant source 

Attractant 

fonnulation 

,.., 
"I"~-, r. /- t:., .uc..1. '/,:,.C , .. 1 

outer 

Est~~ated. beetle 

numbers within 2 m 

of attractmit source 

o/; Hales a t+,racted 

within 2 m of 

attracta.~t source 

inner 

annular 2.re3. 2...J.J.n1JJ ... ~ .. r area 

8. 2 x 100 mg phenol 

on wood cubE} 2300 10 235 215 

9. 5 X II 6JO '.33 JO ~ 1 .5 J.. 

10. 1C x II 1600 13 400 215 

11. 10 mg Durez powder 7.50 65 110 110 

12. II 1200 71 90 /' ,-
O;) 

p 
\.,,) 
--,J 
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to be 2.oout 5 m rather than 2 m, which is probably more likely. 

then the perccnta[;2 of maJ.e b0etles attracted to the traps would 

be less than one-fifth of the figures in Table 7.7. 

llone of the for·mu..La tions of phenol on the wooden cubes 

attracted more th.an 607~ of the total nmuber of males present within 

a 2 m r~dius of tho attractant so,,rce. o th t1 k~- • ·k t - n e o .er .ll.d..lJ.C'., t,i:e wo 

replicates of the :;Jurez powder attracted 65 and 719': of +.:1e total 

male population within a 2 m radius of the source. All these catches 

would be inadequate for grass grub control, however, for at least 

80'/, of the total male population would have to be destroyed merely 

to maintain grass grub numbers at the level of the previous generat-

ion. 

The problem of males dropping on the downwind side of the 

attractant sou:.:·ce wr..:..ch was releasing phenol at a high rate, wz_c:. 

highlighted in treatment 10. This treo:tment ha1 the highest rate 0£ 

phenol release and males attracted to th~s source dropped short of 

the insecticide-treated a_.:-ea and mated with fe.rnales. On a number 

of evenings when major flights took place, beetles on this plot were 

spread over an area on the leeward side of the trap to~ distance of 

about 5 m. 

The results could not be statisticaily analys8d due to the 

insu.f'ficient replication of tne treatments. It clid appear, however, 

that ver-:1 little reduction in larval numbers took place in the close 

vicinity of the attractant source with any of the treatments. On 

control plots the number of larvae re-infesting the plots was about 

double the pa.rent beetle infestation and on most of the treated plots, 

with the exceotion of treatments 2, 5, 6, and 7, the larval populatior: 
i 

increases were of this mag,ni tucie. For treatments 2, .5, and 6, the 

larval populations were at about the same density as the original 

b tl 1 t • Some re•duction in la:.:-val nu."!lbers appeared to take ee e popu a 1.on. 
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place ·"ri.th treat,·r,--1T' ~(. ·o,ut - " •. .., . ~ ., t - ' in vie,J" of the low m.uHber of beetles 

frapps::i ,,d,th this at.tractant fo,.,nuJ.ati.0:1, this effect was probably 

Thc~,s trial~, :!.J1c.lic2.t.ed th2,t none of the attractant formulations 

competed 0,1e:cess.fu:1.1y with vil'r:in females in the nah~ral population. 

Eating even took pLJce very nea.r to (1-rithin 0.,5-1.2 m) all of the 

attract.2nt source:J. :::t was ot7ious from these preliminary trials 

that s1J.porior attrc:.cta.11t formulations had to be developed before 

mass tra:9pinG prof_;r.::1::m.nes co1Llci be contemplated. 

(d) Activity of Durez paste versus virgin females versus other 

phenol fonnulations 

The increased. potency of the Dw.·0z paste over the dry powder has 

been mentioned. 'l'his phenomenon is probably related to two factors. 

Firstly, th8 addition of water to the dry resin liberates phenol which 

is adsorbed. onto the }->Olymer backbone. This was demonstrated in the 

la0oratury, for example, when a five-fold increase in phenol release 

rate was ~btained, viz., 40 to 19.5 pg/h (average of three tests), with 

the addition of 1.0 ml water to 100 mg dry Durez powder. Secondly, 

the paste is normally exposed by brushing it onto a·surface. In this 

form, the paste covers a large surface area and dries quickly thus 

allowing a greater surface area of the resin to be exposed. The att­

raction of males to Durez paste painted or;:w a baffle is illustrated 

in Plate 7 ."2. 

In Section 7.J(a)' it was stated that about 4 1.500 beetles were 

attracted to eight traps each baited with 200 mg Durez paste on one 

evening. Obviously the potency of this form1.1.lation was such that it 

was potentially useful for mass trapping. Field trials were carried 

~ +r1 co1·~,.-.·,-.,_,-are t'np c~,,ttractivcmoss of Durez n2~ste with out, ther-810l"G, V'--' _u - _t--

that of a virgin female beetle and a nu.'11.ber of other phenol formulat-

ions. 
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Plate 7 .2 Field. r(~.sponse of male gra.ss grub beetles to Du.rcz 
paste applied to a red baffle. 



( . \ J..) 

141 

:,;:i.ght rep1icc.t0s of CG.ch t:r:-eatment were tested at random over 

a 5 b.?. area in groups of three, four, er five in a trial layout 

simil2.r to thc:i.t doscr:i.be·:-1. in Sec :...ion 7. J(a). The Du.rez paste, 

prepared by mixinr: 0.8 g of the powder with water (4 ml), was applied 

about half an bour ber'ore U;.e flights commenced to 2. 5 x 35 cm 

horizontal strip3 oi' red-pa::.nted. aluri:,inium-coated ::i..nsulating paper 

place:i over water traps. 

In exposing fsrnales as lures in traps, attempts were made to 

maintain them in conditions as close to natural as possible. Virgin 

fa~ale traps each contained five beetles held in soLl in honey pots 

which were covered with gauze. Beetles were allowed to emerge 

natvrally and an e.verage of three beetles e.'llerged from the soil each 

evenin6 • An illustration of the fwnale trap is shm-m in Plate 7 .J 

but a larg.3r water trRp ( 50 x 35 x 10 cm) similar to the one shown 

in Plat~ ? .4 was us~:ct. in all the tests. 

In attempts to equal., and possibly surpass, the attractiveness 

of Dure7,, using a mmber of other phenol formulations, a continuous 

wick trap was developed. 'lne attractant source consisted of either 

an aqueous pnenol solution or an aqueous phenol-hexamethylene 

tetrarnine mixture h~lJ. in a plastic tube 05 x 2.5 cm dia.) with a 

sJ.it in the top for t':"ie wick. This consir,ted of Whatman No.1 or 

No.J filtel" paper and normally extended 5 cm above the slit in the 

plastic tube. The tr~p design is illustrated. in Plate 7.4. The 

aqueous solution in the tube remained for about three to six hours 

and as the wick traps were baited between 1.0 and 2.0 p.m. their 

condition at dusk varied between wet, damp, and dry. 

(ii) Ro.suJ. ts ~nd. di.scussion 

In the initial trials, the activity of Durez paste (100 mg/trap) 

was cornparea with that of virgin female beetles and the results are 



Plate_ hl A virgh1 f c •1c1.lc trap conta:'.i.ninE:; five bce+les in a honey 
p::>t filled i;d.th soil. 

Plate 7.4 Continu::>us wick trap used to compare the activity of 
aqueous phenol formulations with Durez paste. 



s:-io•,:n in Tab.le '?. 8 

'l'abl~: 7 .8 ---~-------

SE:;3,SOJ1 
---·-- --•· 

Attract.ant 

~urcz '."'::1.ste, 

' r,0 l" , / -1- 'cl ~, ,,~,/ ,., p 

l<'ernales ( 3 ..... 8) 

J·_.;.:!R ( c:;1) 
-•-h - 'J/-' 

Durez paste, 

10(, mg/ :;rap 

Females (3 x 8) 

MSR ~51,) 

P'tre.z paste, 

100 mg/trap 

Females (3 x 8) 

MSR (5-/) 

Durez paste, 

100 mg/trap 

Females (3 v 8) 

HSR (5/) 

150 

1.2 

1.7 

1,106 

7.4 
1.6 

682 

10iJ, 

1.9 

82 

35 
1.7 

Dm•13z /female 

J.50:1 

450:1 

2.0: 1 

7:1 

F'light period and 

:i..nfesta.tion 

l~ ... 5 days prior to 

iriitj_al major flight, 
. I z 50-100 beetles m 

2 • d.a,ys prior to 

initial major flight, 

200-250 beetlesf:-,,.2 

4 days P.fter 

initial major fligh~, 

200-i~,50 beetles/ni2 

,5 days after 

initial major flight, 

:;00-250 • beetJ . ..:s/m2 

------------------------·--· --------------
Early in the flight :::,easc.m t about li--,5 days µriox· to the major 

flights when few females were present in the field, an average of 

150 beetles ,,;;:cs caught in the Durez traps. On the other hP,,nd, the 

three f emaler; w-hich emerged in each v:Lr.gin fema:Le trap only attracted 

about 1. 2 beetles/ trap. 'l'hus Dure~; paste significantly out-~competed 

each .fem2le by over three hundred times. A similar result was 
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obt:,tinccl on a higher beetle infest0.tion two days prior to the 

major flight when the Durez, out-competed the femo.1es by four 

hund.r,xl a:1.d fif c,y to one. 

In these initic(l tests, the female beetles attracted less 

than one male e::o_ch ·,rrj_ch SUf'gested that they were not as attractive 

as females in the natural population. If this were the case, then 

this ,·;Juld result in an 1· n.1"J.a+ "'d va.lue .L~Or the 1- f D ,.,~ po-c,c-,,1cy o urez 

paste. 

'I'bi3 potency of Durez ;-,as not maintained during the major flight 

period, however, when a greater number of fa.'Uales was present in 

the pasture to act as competition. On two evenings fru.ring the~ 

ma:,,,r f'lights, Durez paste attracted significantly greater numbers 

of males than females but the relative attractiveness was reduced 

by ai..>out a factor of ten. 

In the initial attempts to equal the effectiveness of Durez 

paste with other phenol formulations, 0. lp aquec,u.s pheaol and. a 

mixture of O. 1/, aquec,us phenol and O. 5f.; hexamethyltne tdtrar1Line 

were compared with 50 mg Durez paste. The mean numbers of beetles 

per trap for these three treatments were J26, 126, ·and 1-!-1 respec+.­

ively with an HSR (5/) of 6.1. Thus 0.17~ aqueous phenol applied 

continuously to a wick was about eight times (P<0.05) more 

attractive i_han 50 m;?; Durez pa.ste. The presence of hexamet~rlene 

tetramine would have been expected to reduce the rate of release 

of phenol from the wick. Consequently smaller catches resulted, 

which were not sii:;nificantly different from those with Durez 

paste. 

In th& next series of trials, the influence of wick height 

and. f:i.ltcr paper absorbancy were investigated. Aqueous phenol 

(0.1o/;) was used in traps containing Vlhatman No.3 filter paper at 



145 

two wick lengt.11::; 1-2 cm and _;c r:rn. 'l'h b '-•" e mean nurn. ,er of beetles 

tt .. ,. . .;- ,.J ' . ,, a 1 a~ c-C,J. ner -cr:!f, lor the:jo treatments was 68 and 191 respectively 

with c.n i-:s:q (57) of J.J. As expected, the wicks with the larger 

surf ace areas 1.,rcr,1 co:1sid er ably more a ttr!::cti· ve b t th ,~ , tl. , . e mean 

catchP-s for the -!:no ".,reatments Here not significantly di.ff"erent at 

the 5/· probauili ty level. 

Tr.e effect of filter paper absorbancy was inv~stigated by 

compa:cing t~1e attractiveness of O .1f; aqueous phenol dispensed from 

Whatman tJo.1 and th3 thicker \-lhatman No.J filter paper wicks (5 cm 

high). Traps containing 100 mg Durez paste were "3J.so ased to give 

an overall comparison. The mean numbers -.)f beetles attracted per 

trr,,1 fv~ these three treatments were 208, 191, and l. ,390 respectiv­

ely with and M:SR (5l) of J.J. Thus the ti1icker No.J filter paper 

had very little effect on the potency of 0.1% aquecus phenol but 

both treatments were six to seven times less effective than Durez 

paste. 

In further atter,1pts to equal the potency of D1rtez paste, the 

attractiveness of a series of aqueous solutions containing 1.0, 0.1, 

0.01 and 0.0011; phenol was determined and compared with 100 mg 

Durez paste. The mean numbers of beetles per trap for the five 

treatments were 20, 239, 51, 22, and 1,330 resp3ctively with an 

Trnis, for this phenol dilution se:cies, optimum 

attraction was attained. with the 0.1o/; aqueous phenol wick but this 

was five and a half times less effective than the Durez paste. 

'fhe low catches associated with the 1.0, 0.01, and o.001t probably 

indicated that the phenol release was too high from the 1.01/J solut­

ion and too low at the lower concentrations. A further series of 

trials was carr:i.::d out, therefore, with aqueous solutions which 

varied about the O .1/~ phenol level. The mean m1."!lbers of beetles/ 

trap attracted to the 0.05, 0.08, 0.1, and 0.3/ aqueous phenol 
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solub.ons and 100 rn?_; }Jurez paste were 2'?0, 250, 220, 180, and 

The ca,Lches associated.. 

1•Ti. tb. thc~se aqueous phenol colutions were still fom· to six times 

lower U::.2.n obtu.:Lned with the .D-,,,...ez t cu. pas· e. 

vthe1· attr.:c.'T,pt~~ to modify the release of phenol from p_aper 

inc1n6.eJ.: 

0 .. 0 5,/1 aq_. nhenol rr1ix0."' ,,n_· + }1 0 °,.1 aa he an th 1 • .:::u. • ..,_ •'·i' ~• x. 1e .. ·r· erie 

tetre.Y1:i.ne, and 0.1/. aq. phenol rrj_xed with 0.27~ aq. hexarnethylene 

tetr-arnine. These formulations were compared with 100 mg Durez 

paste and the mean numbers of beetles per trap obtciined were 150, 

150, 17 0 , and 350 respectively ·with an MS?. ( .5?~) o.f 1. 6. 

Thus, on average, the Durez traps i-re:re always several times 

more attractive than any of the traps containing the aqueous 

phenol formulations. This result could be explainr-:d by the pre.cH.mce 

of a synergist in Durez or more simply by the manner in which phenol 

was released from the paEte. 

'I'he rate of phenol release from Durez paste applied to J x 30 cm 

strips of painted alu.."llinium-coated insulating paper was measured in 

the laboratory. The Durez paste was formed by the .. add.it2..on of 0.5 ml 

water to 100 mg powdc::.· and the axper:i.roent was carried out in triP­

licate. An hour aftE::r the application of the paste to the strips, 

th0 phenol release rates were \-9, 53, and 60 µ.g/h and in the foll­

owing hour the release rates were 48, 51, and 62 pg/h. This uniform 

rate of release o.f phenol is probably the reason fnr the potency 

of the paste in the field. 

This uniform, optirnu.'11 rate of phenol release was difficult to 

reproduce in the field with the aqueous phenol formulations because 

the f:i.ltcr paper Ficks dried at varying rc'.l.tes. In eleven instances, 

however, the filter paper wicks were as attractive as the Durez 

paste but the overall consistency of the i::atches obta.ined with the 
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paste resulted. in significantly greater catches being obtained. 

lfovei·theless, the fact that large numbers of mtles could be 

a.tt •.·acte:1 to th,:: aqueous phenol formulations indicated that phenol 

it..;elf could be a.s potent as the Durez paste, provided the rate 

of' release was at t~1P optimum level. This result illustrated once 

2.g~dn the critical n:;tu::.:-·e of the phenol release rate on male 

,\1-\:.;}0L,_·h the ;)u!"ez paste consistently attra~t.r::d greater nw. .. bers 

nf ma~oE t} L8.n the aq,,eous phenol solutions on filter paper, the 

behaviour;:;.l ::.·c:sponses to the two treatments were precisely the 

sam.e • Bcfo.,...e alight.:.:1g on the paper, malP.s hovered over the top 

of ;_t :.'1.d the males 1-hat landed on the treated filter paper fre­

quently raised their elytra and atteu1p·'.·.zd to copulate with near::>y 

male'"'. A typical response to the eex pher;,m('!le in the field i.~ 

shown in PL,.te 7 .2. 

7 .4 Conclusions fror.~ the prel_iminary studies 

It was shm-m th~t when powders containing phenol were applied 

to pasture, phe:iol was l""Jt released twenty four hoy.rs after applic-

ation. Tr'i..is Gfi'~ct, p1 ... esu.1.i'lably due to soil adsorp~ion and s..:.il 

moisture, obviously meant that such methods c0uld r.ot be used in 

grass grub control programmes. 

Various attempts were made to develop alternative methods 

of dispensing phenol., The most sati::-.f actory r,1e,-:hod was encapsul-

a ti.on of liquefied phenol in PVC tube. This dispenser both protected 

the phenol from weathering, and allowed_ it to be contim101-,sly 

released. ill the field, for a period greater than four weeks, via 

a ,,· on t'·hrou"'•' ~-·he ..--.oJyrr,er ,,T ... ]1 Prom1· sin,'!. results were obtained pF,ri.ne vJ_ . ·fc,1). ln. }'' • • ,,,.,, • '. -

in the J.::i.bora.tory with' a synthesized materia.1, phenylh;ydrogensucc-

ina.te, which slowly degrade<! to phenol but the initial results could 
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not be reproducec:1.. under field conditions. 

Tl1e clista~~.LCP o'' t' L • f - - 1.. a t,rac \,ion o m.arkud male beetles to phenol 

rolea.sod at rates which vBried from o .:.:; to 10 /1 • th - -- , - • .,, µg 1 was i. '1 1 e 

order of 15 rri. l;o·.-rever, as the percent recovery of tl1t1 marked 

beqtles was less than ten percent, such attractant .3ources ·would 

be unlikely to be effective i.n grass grub control. 

'i'his was verifie0. in a number of attraction trials in 1:,hi.ch 

no :reduction in resulta.11.t larval nu:11bers took place within a 1.2 m 

radius of a series of attractant sources. It was apparent, there­

fore, that none of the attractant sources was competing success­

fully with fe~ales in the natural population. Superior attractant 

formulations were needed before mass trapping could be contemp~:iteC1. 

Such a !llaterial appeared to be available in the form o.f Durez 

12687, partic·u.l~~ly in paste form. Tests were carrieQ out with 

Durez paste to compare its attractiveness to a number of other phenol 

formulations, and to virgin femc.1.le be1:)tlee, Early in the male flight 

season, the paste out-compc::ted females ½y about four l'u..ndred times 

but this result was not mainta~.ned during the major male flight 

period when the paste was only about ten times more·· attractive than 

virgin female beetles. 

Attempts to equal and possibly surpass the potE>ncy of the Durez 

paste with a nu..11ber of phenol formulations. were unsuccessful. In 

fact, the paste was consistently five to six times more effective 

than the best phenol formulations devised. This was probably 

associated with the optimu..'11, uniform phenol release rate produced 

by the resin which could not be readily re~roduced with the other 

phenol formulations used. The potency of the resin was influenced 

by its physical nature as well as the s1_1rface and surface area from 

which the resin was exposed. 



149 

The beh2.vioural resrv__:;n:o:r:::s of male beetles on mating flights 

to JJu:c·ez u~s.j..e -;,rl - ' l r-• 1t _ 0- ._, , c -·~ 9neno_ on r J. er paper uere preci.sely the sarne 

c1.nd consistent with that c:;-~pected. of 8 sex pheromone. 

7 ,,5 forn1.laticn :,;cjd,,31 for the the•.Jretical control of grass grub 

rr1-=i"i:; n0· s.ri ,· ·,, r> ·,-, ')1-,,:-_ •"':)"••-·r,·1e +ra:o"" _::_:.:_~_:,.:::~·_:_:_::,-..1. _ ~.>,.,t,_ ... ..1.1..:,.• . .-._.)l ,, v , ~ 

hniplir:~ e.rd l·'.cGuirc ( 1966) postulated insect population 

mode~.s and Cc.Llculated the theoretical effects of using sex pher­

omones for insect control. They concluded that insect populations 

·can be controlled and probably eradicated ii' the ratio of tr,.;.ps 

to insects, i.e. the overflooding ratio, is high enout;h. Because 

of the number of. traps requi~ed, _th~ approach can be considered 

practical only when deali:ng with light infestations or with attract­

ant fonnulatioEs w'u.ch are considC;;:.ca.bly superior to virgin females 

in the natural population.· Roelofs and co-workers (1970) used the 

basic equ2.tions propcsed by fJ1ipling and McGuire to calculate the 

U,13oretical control cf mating by trapping males of the red-banded 

leaf roll.er moth. 

The information needed for traps to be used e~fectively for 

!11scct conr:rol was discussed by Beroza and Y.nipljJ1g (1972) and 

includes: 

(1) An assessment of the attractant power of the pheromone in 

traps as opposed to the attract.ant power of competing virgin 

fema,les in the natural population. 

(2) The number of traps required relative to the size of the 

!XJpu.la tion ~ 

(3) The growth rate of the insect popula t.ion which determines 

the de;;ree of control needed to reduce numbers. 

Additional information such as the a-nergence profile and 

1 f f tl J·.11sect are also required to construct a average i.t-1 span o 1e 
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population 1:-ioJel. .:.iu_fficient data on the biolocy ::md populati.on 

research work to 2J.lc,w. a pop"lo".t1· on n·c-...i -l t b c1r· f th ......,_ 1 ~e. ·o • e ,- m-m up or e 

theoretice..l co:1trol c+' ~, • t· • th - ::,,ass gruo ma ing wi _ sex pheromone traps. 

Under fi cld conc'l.i tions the life span of the m J grub .o. .e gras-s 

beetle is about 2 weeks wh:5.le that of the female is 2-3 weeks 

during Hhich ticr:e it lays tstvieen 30-.1-1-0 eggs. A h,ypothetical 

mode:t of grass grub growth at Takapau,dr2,m by Kain (1972),is 

reproduced in i:'i.gure 7. 1. The reproductive capacity of grass 

grub is fairly low but poµula tions increased steadil;y (2- to 5-fold 

annua~Lly) to post proportions at about 300-400 grat,S grub larvae 

2 
per m • At this stage, fl1..:.cLuati0ns occurred about a given level 

depending on food availability and climatic conditions. Normally 

the populations did not fluctuate 6reatly due to the absence of 

paras-3.tes and pred,,1.to't's and the subterranean habitat of the larvae 

w~ich prote0ted them from environ.~ental conditions. According to 

Kain (1972), a populati0~ collapse can be induced by high soil 

temperatures usually associated with severe droughts and extremely 

high soil moisture levels ciuring winter. 

In his paper, Kain (1972) indicated. that the majority of 

grass grub larvae in f)asture are confined to colonies and the 

density of the larvae within these colonies does not increase mark­

edly as populations increase. Thus, populations increase by the 

formation of new colo,1ies rather than the build-up of larval 

density within colonies. Kain illustrated this by suggesting that 

the best stage to treat grass grub is when populations are low 

so that annual increases in nu.'Tlbers and pasture damage from year 

to year are mi...riimal. 

To construct the theoretical model for an isolated grass grub 

population, the following ass:umptions were made. Eale beetles were 
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..... : , J.. , 

conc,1.cerec1 l-O ne p8Jyga.rnous and to not mate with a female more 

th:-1.n orwQ every ?.~~ hours. It ,1,1s also assumed that females 

mated only once lx:)fore ovi:9os:i. tion and then left the population 

on i'e,c:d:Lng flif{r:".:.s. A further asS1.m1ption was that females lived 

lon,~cr than l~nlec:: c;'<Jn_+er prJ,l''ar-y • 1 
" ~ • V ,. • .J.c ·- SO]. emergence. kales and females 

were considered to live 7 2nd l4 days respectively after soil 

e:.:ergcr,::-:e but th0 cL:ect, on the theoretical control of mating, 

of mDles having a life span of 14 days was also investigated. F,.)th 

a const211t daily survj_val rate(? or 1L~',£) which resulted in an expon­

ential survivHl curve, and. a sigmoid.al survival curve (Figure ?.2) 

were used in the caJ_,:-ul~.tions. The latter curve simulates natural 

populations better than the former but only slight diffarences in 

theoretical control were obtained with mod€ls based on either of 

thesP. curves (Table 7.9). A similar result was calculated in the 

model pr~posed b;:r Roelofs' group. 

Table 7 .9 Control of mating with female/compet~tion ratios (_r) = 

0.6 and 10 usin~ exoonential and sigmoid survival ~ates. 

Para.TT1eters used in the calculations inc1.ucled a 7-day 

life srJan for males and a 14-day life soan for fema.les 

in a natural ener1:ence profile 

r value 

o.6 
o.6 

10.0 

10.0 

Survi v 2.l rate 

Exponential 

Sigmoid 

Exponential 

Sigmoid 

Percent control 

83 

79 
13 

13 

The emergence profile for a batch of 20,000 beetles raised 

in the laboratory was used to construct the model. Beetles in this 

batch were raised from fully fed third instar larvae at 10°c which 

approxi)_,1ated the soil temperatures ·when beetles emerged naturally 

in the field. }Iales a.vid females in this batch emerged over 21 days 
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in c.c nrofiJ.e (Figure 7 .3) ,,,l-i:l.eh was modified slight1y to give 

equal m,;.noers of m;;1les and fecn.2_le.s.. " 11 · · 1- n• ld t'l-- ,i0rm2.. y in -c .. 1e :rie He 

0,.'1ler1:;,~1.1ce period for beetles extends over 21 to 28 d~.ys. In 

order t:) nakc the; rr.odel relate more clo.sely to a low rrass grub 

infest.a t,j_Q;l in ti1c: field, it Has assu::ied that the 21), 000 beetles 

occun5.cd. cne hecb:ce of pasture (i.e. beetle density was 2 beetles 
2. 

per rn ). 

It was also assuned that a. five-fold increase in population 

took -pla.ce annually. ':!ith m.J.ch an increase, 80 percent of the 

incipient population woulri h.c\.ve to be killed each year n,erely to 

keep the tottl population from increasing. The reproductive 

potential of each generation would have to be reduced :Jtora than 

80 percent t~ achieve population reduction. 

1'he basic equati0ns used (Table 7 .10) were the same as those 

adopted by Roelofs et al., ( 1970) for the theoretic~l conti_•ol of 

the red-banded le2.f roller moth. A c~lcul~tion sub~outine repeated 

day after day gives tl1e daily nuJnber of matings,, 'l'hese a.re added 

u."1til the generation is complete and the mm1ber of :males is infin­

itesimal. Percent control was calcuJ.ated from the iollowing 

equation: 

1, control 
No.females - Ho.matings 

= 
No.females 

X. 100 

Table ?_~_10 .t.:,quations used to c;:iJ.culate the number of matings on 

Day j_~~11cn -;:iherornono trans conmete with ~he female. 

Taken fro:n the model of RoeL::,fs et al. , __ ( 1970) 

s. = V. + (S. 1-F.; 1 )d 
l. J_ l.-- ... -

R. = .H. + F. 1d 
l. 1 1-

P. s. ( '') + 3. ) = J·;__'. 

1. J. 1. 

li'. - P.R. 
l. 1. 1. 

Table 7.10 continued on next page 
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Table: '?, 10 continu(~d 

Defi,itLion o:;' t:iu sp,bols 

V. 
l 

H. 
:i. 

nn.":'loer of fe,nles e·m.er~ing on day i. 

nir,1her of rntlos emerging on day i. 

P. 
J. prosabili t~.' o.f a mal,2 to mate with a wild female on 

S. 
:.t. 

R. 
1. 

-C.OtDJ. 

total 

m.G!b:::r of 

DU!n-~1el' c,f 

virgin fer.iales 

males on day i. 

Fi nu:n';-:;er of r::ae,:i.ngs on day :::.. . 

on day i. 

d s,..1rvi val r8 te, or fraction of the total population 

surviving a.riot her day. 

AN relative attractiveness of a trap, as compared to that 

of a ·wild female. 

N number of traps. 

The thPo:::-etical number of traps needed to out-compete the 

female population wa:; written into the med.el for the red-banded 

leaf roller. Roelofs et al., state that: 

11 The e.m.ount of competition for any female popuJ.aticn is the 

munber of traps (N) +_..;_mes relative trEq.l attractiveness (A) and 

the perce:'.1tage of control for a.riy size population 0epends upon 

the ratio (r) of the total female populati.on ('i') t; trap 

competi tj_on (A) x (N) , or 

T 
r = ----

(A)x(N) 

For exarr,ple, if each pheromone trap is equal to 2 wild females 

(A:. 2) and we place J000 traps (N = J000) in a population of 

3000 :?- ( T =3000) , then 

3000 
r = -----

(2) (3000) 
= 0.5 

/le expect the sz:1nc percentage of control of mating in every 

situation where r == 0.5, such as placing 2000 traps (N = 2000), 

each with the attractiveness of 1 wild fe!llale (A = 1), in a 



populaU on of 1000 ~-, so 

1000 
(1)(2000) 
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0.5 

The perc0nt::..""_,e of control of m;;._+,1· r.,,.0,--,- -f'or ::, · L f t - -- ~ -- given se~ o. parame ers 

ca...n be plottE:d ag2.in2t r and the resulting curves will apply to c.r,y 

Tho th:':!oretica1 percentage of control plotted agBinst three 

:r.'erntl8/i::or,-,~Jetition ratios ((r) = 0.6, 2 and. 10))a.re illustrated. 

in Figure 7.4. To obtain these r values it was assumed that 100 

traps per ha ·were usod and these traps had a relative trap attract­

iveness of 167, 50, and. 10 respectively. Hales and females were 

assumed to emerge naturally with ar;_ exponential survival rate 

based on a 7-day or 14-dEy life span for rii.ales and females respect­

ively. 

'l'he ei'fe<;t on control by using ct~_fftirent life spans for males 

and females with an exponential survival rate was also calculated. 

('i'able 7 .11). 

Table 7.11 Con:-rol of mating with a female/competition ratio 

(r) = 1C for various average life snans for males and 

females based on an exponential surviva._1 rate. 

Ave.female life sua.n 

(days) 

7 
14 

14 

Ave.male life snan 

(days) 

7 
7 

14 

Percent control 

28 

1J 

17 

As expected, the model predicts a, greater control of ma.tj_ng 

with a shorter female life for then the female has a lower chance 

" • • Ir1 co1.1-'-l,J.·-::-.s-'-L, to tki.. ~, ve,-..,r srrwJ.l effects on control of oi ma1,::i.x:g. . o - 4 J 

t, • r"' predi· ctc:,.,o'_ by extendinr! the life span of males from 7 to ma· ing we '-'· - ~-

14 days. 
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100 

\ -80 
0 ' "--C: 

360 -C: 
0) 

40 0 
'-
(!) 

a.. 
20 

20 

2 4 6 8 10 
r 

Theorot:i.c2.l Derc<2ni:.;ige of co:itrol plotted against 
total fcn2..lc/ competi-tion ratios (r) for an ave. 
life span of 7 days for males and 14 days for females, 
a natural emergence profile ang. an exponential death 
rate. 
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Paste 

In 1 972, Fen"-'11ore and co-workers reported on field triaJ.s 

out 1-n. th t::.-"aps, batted. with nurez powder, arranged in two 

gr:1.o. patterns on 1+ ha and 1 ha sites in Canterbury. These workers 

fO'..UJcl th!:l.t while large nu.rnters of beetles (approximately 60,000) 

~-;ere a~:tracted to Lh.:, traps, the numbers were insufficient to 

a.ffsct the following generation. It was subsequently found by 

Osborr;c and Hoyt (personal communication) that Durez mixed with 

water to form a pa.ste was a far more potmt attractant than the 

po1-,der its elf - a phe!'lomenon which has already been discussed :tn 

Secti00 7.Jd. 

In view of this increased potency, together with the economic 

impo:::--tance of grass grub and the urgency to d'::!velop alternative 

control rnetl".ods, it was decided to carry out field trials with 

Durez pc1.ste in the Waikato region duri..l'lg the 1972 flight season. 

Dr G. O. Osborne kindly supplied several kg of Dure~ recin. His 

group at Lincoln College also plan.~ed to carry out further mass 

trapping trials with the paste in the Canterbury region. It was 

felt that some duplication of effort was desirable in view of the 

univob.tine nature of grass grub. '!'his restricts the period for 

trials to a -few weeks each year, which is a severe li.'llitation on 

progress. Furthermore, differences in beetle behaviour have been 

observed in the North and South Islands of New Zealand. For example, 

Kelsey (1968) stated that in Ca~terbury, (South Island) adult 

flight is dominated by males and very fE:.'W femaJ.es actually fly 

throughout 1::1e flight season. On the other hand, in the Waikato, 

(]\o:c::.:1 Islc:nd) ;~ci.in has .found a similar situation in the early 

flight period but adult flights later in the sea.son mainly consisted 

of f e:ui.ale beetles. 
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tri2.ls d:i.:::cusE;8d_ below. In +h- ~· t • t • " t;;! .1,J.rs , w.s,L,er raps were arranged 

in a grid pattern with the Durez paste painted on the top of a 

baffle ovP.r e h -'- In t' - ac l,rap • ne second approach it was b;ypothesized 

that a line source of' attractant would be more efficient at 

;:ittracting beetles U1c,.i-1 a. number of attractant sources. 'l'hus, 

DL,_rez paste was paimad on the top of a continuo-t,.s baffle about 

40 cm hi_1sh fanned in a circle of 15 m radius. The circular layout 

was selected to overcome the difficulty of changes in wind direct­

-ion from one evening to another. 

Exoerirnental 

The mass trapping trial with the traps aL·ranged in a grid 

pattern was carried out about JO km south 'of Te Awamutu on a hi.11 

coun 'i,cy farm which has had a hi.story of grass grub 1amage over many 

years. 'lwo 0.25 ha sites were selected, about ,30 m apart, which 

had fairly heavy, uniform infestations of grass grub la,rvae. 

Sixteen traps spaced at 10 m square were placed on each eite. 

The traps (Plate 7.5) consisted of wooden frames (1 m2 in area) set 

a.t ground level wi. th black polythene lining the bot,toms and sides 

to hold a depth of 5-7 cm water. Dark red ba.ffles {15 cm high) 

were suspended across the traps. Each evening, half an hour before 

beetle flights took place, the baffles on the treated site W(;re 

l.iped clean and fresh_ Durez ( .50-150 mg per trap) was applied in a 

5 cm band across the top of the baf'fle. To increase the efficiency 

of the attractant, the pasture around the traps on toth sites was 

maintained as low as possible by allowing sheep to graze in between 

the traps. 

In order to assess likely beetle numbers, twelve plots (1 m2 ) 

were selected at rc!.o'1dom within each site and 20 soil cores 
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Plate 7.5 The type of trap used in mass trapping trials with Durez 
paste. The p~ste (50-150 mg) was appli('!d across the top 
of the baffle each evening prior to beetle flights. 

Plate 7.6 Circular layout of the baffle used in mass trapping 
field trials to evaluate the effectiveness of Durez 
paste as a line source of attractant. 
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( lO •2 en dia •) 1·r0ro taken to a depth of 20 cm from each of the 

24 pJ.ots at the .t'ulJ.y fed, Uri.rd. instar/r.,Yunal t 
.. .1.- s ages" To assess 

the .,...,, • ,., · 
• eJ.lec:1. O.L 'ChC:, troatnent, .a further 20 soil cores were taken 

fro~ onnt ~ t' 2 1' -1 
-· 1 '--'-·-'-- 1 o~. ne "'' 1.J. ots after beetle flights at ths egg/ first 

instar- larval stci,.-~es. 

In the sec:1:Yl trial to test the efficiency of the attractant 

arrani:;el c•.s a lin3 su111 ce, a site was selected wl~ich con:.,a:.ir1ed a 

medium (ca. 50-100 beetles/m2 ) grass grub infestation. 'I'he 

control and treated. sit.es were each about 1.5 hfl. in area and 

were spaced about 75 rr. apart. The tres.tment was applied to the 

northern site. A baffle about 4-0 cm hieh made from aluminium­

coated Lrisulating paper and painted dark red was placed in a 

circle of 15 m radius (shown in plate 7.6) on both the treated 

and control si t::::s. Within the circle, th3 pasture w~s mowed once 

a week for the duration of the trial which extended from 20 October 

to 19 Nov~-nber 1972. 

One of the probl~ms in testing th~ effectiveness of a treatment 

on low infestations is the clifficulty in obtaining sufficient larval 

numbers from soil cores fer meaningful statisticaJ.·analysis. This 

is especially the case with samples taken at the egg to first 

2 
instar larval stage. To obviate this proble.rn, twelve plots (1 m ) 

were located on known infested areas on both the cv::1.trol and 

treated sites. The effectiveness of the treatment was measured by 

taking 20 soil cores ( 10.2 cm clia. )to a depth of 20 cm from each 

plot before beetle flights at the pupal stage and again at the 

resultant egg to first instar larval stages. 

To measure the effectiveness of the treat.-rnent during the flight 

pe1~iod, ten vir;,:.in .female traps (Plate '/.J) with controls alont;side, 

Were l d at rcr:ndom on both the control and treated sites. p ... ::l.CG 

Prior to the comr:1.ence.ment of the trie.l, 11Fensulphothion 11 at 
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2 kg a. i. /ha 11as cc.D .. ·:,lied in 1 , . a m oand at the inner base of 

tl1e bQffle;s on Catl-1 ,sJ·.teR. ·1··h • • t - - n.s 1.nsec ·ic:ide treatment was 

repeateyJ 10 da~_\'S l~itcn-· (at 5· J • /h ) • cp, a. i. , a immediately prior to 

the major fli~its. 

(a) 

'l'l1c) control site contained an average of 230 third instar 

larvaehJnpae per m2 , while the treated site, about 30 m east of 

the control, contained an average of 220 third instar larvae/ 

2 
pupae per m , ... 'ith a minimum significant ratio (HSR, 5%) of 1.6. 

The traps ,rnre operated from 19 Octobar 1972, the ev~ning 

after beetle flights commenced until 13 November 1972 which was 

about a week after the major flights took place. During this 

period the tra·os on +,he control site caught about 1.500-2000 

beetles ~rhile those on the treated site caught over 290,000 beetles. 

The magnitude of the catch is illustrated. in Plate 7.7 where the 

size of the beetle catch was co:;1pa.red. with that of a. lamb. Ea.ch 

male beetle weighs about 50 mg and a total weight of 14 ~g of 

beetles was caught ( i.be weight of the la,."lliJ was in the order of 

50 kg). Thus, an average of about 18,000 beetles per trap was 

caught on the treated site. If it is assumed that the influence 

of the attracta.nt sources extended 10 m on all sides except upwind, 

then the sphere cf influence was an area about 50.,;. 40 m (0.2 ha). 

Such an area would have contained abouL 450,000 beetles and 

assuming a 1: 1 male to female ratio this would meai., that approY.irn­

a tely 220,000 males were present in the initial population. This 

is at lc:c;_st 60,000 males less than the number tra9ped. These 

figures suggest, tiicrcfore, that control on the treated. site should 

have berm obtain0d. This was not the case, however, for the average 
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Pl::)te 7.7 Beetles trapped from a 0.25 ha site in 3 weeks with 
16 traps baited with Durez paste. 
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1-rere 10?:CJ c!:-1d 920 res pee ti vely with an ( 5;~) of 1. 5 which 

diff e::.~e:--,ce i~ la.rv-<Ll nurribers between 

It ,;ro_::, c/,servcd c.,J.ring the progress of the tritl tha.t as 

soon as m:cijor .fli;:(1t3 took plo.c,3 i extensive mating took place on 

the treated s1-te. 'I'l·1is meant the b;c;..ited traps were not competing 

effeativE,ly against the females in the mi.tural popu:Lation. It was 

a.ls-0 observed. that baited traps were attra .. cting la::.~ge numbers of 

'beetles onto the treated ::,ite from a group of small willow trees 

in a gully about 10-15 m downwind. The tops of these trees were 

slightly above the grou.!ld level r:,f t~1e treated area. Unfort,m­

ately this phenomenon invalidated any conclusions that could be 

drawn from this trial ~onqerning the effective~ess of Durez baited 

trapf.: in i:;rass gr"L .. b control., Nevertheless, it does illustrate the 

difficul-i:.y :.n using ~uch methods in undulating hill country with 

its assc~iated g,1llies, trees, and orographical ef':f.'ects. Ideally, 

therefore, trials of this nature should be carried out on fl~t 

land ,-fithout any disturbing influence such as nearby trees. 

Althour;h the aoove trial failed to resolve the issue, the 

ex:pected effectivene~s of Durez as a control agent for grass grub 

can be posh1lated fro,11 the theoretical moJ.el outlined earlier in 

Section 7. 5, together with tho results obtained. in .Section 7. J( d), 

on the relative attractiveness of Durez comp-::i.red to the female 

beetle. 

The derisity of traps used on the treated site above was 

equivalent to 178 per ha. Early in the flight 'season Durez 

was sho~•ffl to be al:xrnt LJ-00 tir:ws 1r.ore effective than fem2J.es but 

only about 10 times more effective during the major flight period. 



Thus. e.?.r.l.:'r • t,' , _ 1.n • ne flight season with a population of say, 

10 ,OCO .fc::tles "i•.r!l_' ·'1 ( • - 2 
- - • :-4 equ:1.vaJ.cnt to 2 beetles per m ) an r 

value of 0.15 (10,000/400 x. 178) woulc. be achieved. This r value 

would be c::pccted to gi':e in exeess of 90-;/2 theoretical control 

of rnatin 1~ i'ro!'l the :rrauh in Fi· o-ure 7 4 
~· - 0 • • Now· the a')tual beetle 

populB.tion on the t:roated si.te W3.S about 10(> t-;,.,,es t • ........ grea er, i.e. 

200 ocetles per r/, ,•1hich ~-~onl.d give a.YJ. r value 01 15. Such a 

figure ·i'-1ou.ld [).ve loss than 10/, control of mating and would 

explain the lack of success of the trial. Obviously, with the 

much lo\·1or catches of males in the Durez traps during the major 

male flight period, very little grass grub control could be achieved 

with such a hea·vy infestati')r1 of 1:lee-tles. 

These calculations illustrate the importance of using mass 

trapping techniques on low ir1festa~ions. If it is assumed that the 

traps were 10 times rnore effective than females throughout the 

e;1tire fligl·,t period, then an r value of 10 is obtained for a 

JX>pulation of 2 beetles :per m2 using the traps in a 10 m square 

grid pattern. Bven with this extensive trapping programme the 

expected control of mating from Figure 7 .4 would be less than 20)6 

which is far below the level of 80/J control required merely to 

2 
maintain the population at 2 beetles perm. 

The result of th:i.s trial wa.s consist,,,nt with that of Fenernore 

et al., (1~72) who-also found that Durez traps had no effect on 

mating behaviour. 

(b) Attractant arranu:ed as a line source 

Soil sampling prior to the beetle flights on the control and 

2 
treated sites indicated that 145 and 150 pupae perm were present 

on the control 2.nd treated sites respectively ':•:--ith an K:3.a. (5?'~) value 

of 1.J. These figures were obtained on grass grub colonies within 

the sites. ':i.'he true beetle den,si ty over the sites vms much lower, 
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of ths 1,0::1 tini· .1...t:oo..,,,.,,1 , • • • ' J - .... 0.1.str:1..ou (.ion of larvae. 

S-:-i.ch evc:1 i,1 ,. ' t • J ~ ·-, • aoou • nc .. :t 0n hour before beetle flj_ghts, 

Du··" e?. P("··d P.r f'...,0 ,- t}· • - -, - ~ ... n ,e previous evenin,'-''. ·,ms removed f +h rom ., .e baffle 

a."'d f'rR'"h Dur ' ' • ~. 
• ·-· c,.:.,. • 87• :i.n quantJ.."t,lc.'.3 which varied between 5, 10, 20, and 

40 g was appli c d in ?.. 5 cm b~.nd along the too of the baffle. 

'l'he results of ~:lale catches by virgin females on the control 

and tr~;:.ted.. sites tt:1. 0 shmm ir1 Table 7 .12. 

Ta.b] e 7 .12 

Site 

Contr..:.,1 

Treated 

'rot~.l 1,10J_2s ~++r'3e;-'-p..l to ., ... "\ • • f 1 t ______ c.~v. ,.-.;l,;:,J_ L(-)1. VJ.rR::tll Gc:1c:. e raDS On 

the control a~·1d treated sitos for the period 20 

Oeto·:;Eor-4 Nove:-nber- 1972 

Female _{..raps Control traps Ratio 

1282 430 J:1 X, 2 == 423 

(l\P(0.01) 

627 259 ~.4:1 X 2 = 152 
(i)(P(0.01) 

On the treated site significantly greater numbers of males 

( PC::::: 0.01) were caught by the females than the cont!"ol t;,~aps a1ongsid'3. 

This indicated that Durez appli·ad. as a line source was having little 

effect on the mating activity. Interestingly, hoWfwer, twice as 

many males were caught on the control site as on the treated site· 

( 1812 co:-npared to 886). Also, the ratios of the female trap catches 

to control trap catches on the control and treated sites, viz., J:1 

and 2.Li-:1, were significantly different ( 'X, 2 = 4.9, P<::0.05). This 

suggested that male behaviour on the treD.ted site was somewhat mod­

ified by Durez. Effective mating was not prevented, however. The 
2 

average egg/first instar larval numbers on the treated (520/m) 

and the control (335/m2 ) had an HSR (5}~) of 1.9. This difference 

was not si~~nif icc.nt. 
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7.7 !~::.1~-- c-:infu,.-,ic;n field t • -1 _ _ __.:.._:· :..:r..:::ia .. s 

(a) 

In 1.970, the first year in which attempts were ma.de to use 

prJenol to control gra.ss grub populations, field trials were carried 

out on 2. pilot scale: to test the feasibility of the male confusion 

r-1t::thods. 'l'he prelir1jinary experiments were designed to establish 

".-rheths:-:- the rn,-tting r;e:!he.viour of the male grass grub beetle could 

be confl':::c,l or possibly inhibited and, if so, what qua.'1tity of 

phenol was n,quired +,o achieve this effect. 

(l.) rn • l 1 t 1ria~. ayou and soil sarrmling 

The trials were carried out on 5 x 5 m plots containing 

be0tle numbers which ranged from 50-100 per ra2. Phenol was re­

leased at different rates over each plot by using different 

wei5~1ts of phenol (1. 10,or 100 mg) on wood cubes (Plate 7.1) and 

spacing these cubes on the plots at 40 and 90 per m2 • With the 

exception of one treatment, none of the treat.~a~ts was repeated. 

A monitor trap containing 10 mg Du~ez powder was place~ at the 

centre of each plot and trials com.~enced as soon as males were 

caught in these traps. 

Treated plots were situated at least 100 m apart and the 

control plots were at least 300 m from treated plocs. Each control 

plot was at least 10 m apart. The nu.."llbers of third. instar larvae 
2 

and pupae on each plot were assessed by taking 20 x 225 cm spade 

samples at random to a depth of at least 20 cm and hand sorting 

each sarnple. A few weeks after mating took place soil samples were 

taken for the resultant eggs and first instax larvae, by taking 

·") 

20 x 225 err." spade samples from each plot. The samples were 

sorted by means of the floatation technique developed by Kain at 

Ruakura. In this, eggs and larvae are separated from soil with 

aqueous magnesium sulphate (s.g. L3) and sieved. 
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The min:L":!u:m l'D.te of }'.Jh"'n,,• 
- \.;;..,4.._,_1-, released over each plot a.."'1.d the 

effect of these tre::.tments 
on the resultant larval populations is 

detailed in Table 7.1'3. 

Table '(~ 13_ 

Treatment 

Six control plots 

Plot 1. 100 mg phenol 

cubes at 90/m2 

Plots 2 and J. 10 mg phenol 

Ave. 5.5 

110 

First instar 
2 lB.rvae/m 

Ave. 129 

46 

cubes at 90/m2 70 and 80 150 and 46 

Plot 4. 10 mg phenol 

cubes at 40/m2 

Plot 5. l mg phenol 

cubes at 90/m2 

.56 

150 

52 

32 

J'vlin:i.mum phenol 

over plots 

du.ring trial 

(JJ:-g/h/m2 ) 

0 

180 

.55 

2.5 

10 

Duri...'1g the flight season it was not possible ·to observe all 

the plots and so observations ,-rere confined to Plot 1 over which 

the highest rate 'Ji' phenol was released. Ea.ch cube on this plot 

contained 100 mg phenol and received five coats of an epoxy resin 

as describs<l earlier. 1'he cubes used on Plots 2, 3 n...11d l1- had three 

coats of the epoxy resin while the c_ubes on Plot .5 were uncoated. 

For the 100 ng phenol cubes, th0 release rate initially was in the 

order of 150 µg/h/cube but this dropped to 2 µg/h/cube after .3 weeks' 
2 

weatherinV-~ Thus a phenol level of at lP.:ist 180 µg/h/m was 
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maint2jn,~d over },lot 1 through.out the trial period. 

In the early i::oc~tle fl1.· ,_,l,-'c,:c: , b d t "l ""'1. - , rn.a.:..es ·we:ce o ~serve _ o I y 

upwind tcr:-l.s.rds Plot 1 and drop at distances of about 5 metres 

d.owrn-rlnd.. As the a~rour1t of phenol released over the :,lot dropped 

1-rith br,ic,, the nur:•:::>cr of me.les moving onto the plot appeared to 

increase"' and by th8 tir,1e major flights took place a largo number 

of beetles ,,,as ooscr"sd hoverinG over the plot. Under 1~0n11al 

circrunst8.'.1ces, males on mating flj.ghts actively search for females 

w-aiting q_uj_etly on Grass stems, the soil surface, or partly beneath 

it with only their ab-:lomens protruding. Hales on Plot 1, however, 

did not seem capable of orienting to femalGs for they were often 

observed to approach -within a few centimetres of females and then 

fly off n.fter an unsuccessful sea.rch. Males did not become quies­

cent or fatigued under the influence of the phenol bnt on the 

contrary, actively searched over, under and nea~ the cubes where 

in most cases fen1?-les we, .. e not presel"lt. 

On a few evenin;:;s during the major male flight r<=Jriod, beetles 

on Plots 1, 2 and J were sa'llpled after the flight and the number of 

unmated males, f e.--nales a.vid copulating pairs recorded. 'Inese results, 

together ,-Ti th the nrnaber of males a ttraci.:.ed to the centre jar of 

Durez are shown in T;._ble 7 .14. The Durez in the ct::mtre jars was 

replaced on three occasions during the major male ·!light period. 



Plot Dav : ; o . u11:,w. t r~,ct 
nalc0 ---------

1. 1 0 

2 7 
3 8 

7 45 
8 6 

9 10 

2. 1 0 

2 2 

3 0 

6 15 

7 3 
8 0 

9 28 

11 12 

J. ,.., 
5 ... 

3 5 
7 46 

9 4 

11 .'.36 

i\O ■ lJ.I'.!:!/l ted 
__ i'c,;ialcs 

8 

16 

5 
20 

4 

9 

0 

0. 

0 

8 

1 

0 

5 
4 

.'.3 
0 

20 

1 

13 

No.copula.ting No.males 
_ __..·P----·0j_rs attracted to 

centre trap 

3 0 

2 0 
2 0 

8 0 

0 0 

0 0 

0 1 

0 0 

0 0 

J 0 

0 0 

0 0 

0 50 
2 21 

0 2 

1 2 

4 J 
0 11 

0 15 

As shown in Table 7 .13, Plots 1,2 a.r1d 3 had larger amounts of 

phenol released over them than Plots 4 and 5 and,therefore,if the 

treatments were ineffective on the fonner plots, no effect could 

be expected on the latter plots. Ma.ting took place on all the plots 

and Durez ~ttracted males on all the plots except Plot 1. The centre 

jar containir:g Durez was regarded as a "super-fe.rnale" for when 

pln.cod i:.1 tbe i:Leld by itself ca.tches of 100~200 beetles were readily 

recorded. '.l'his is an order o.f magnitude greater than the catches 
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nor;;wJ.J.y recoLl_cl for et .. ch f'c:nale in virgin female traps. Thus 

,_· _f'_ ·,;1;:: 1.~~-Q ... '()Ul ' t .. ' .it fl 
·~--~ '-= - 0 no· 1.oca.:.e 1~•10 supsr--fcmale 11 in the centre of the 

plot. it was ds::hJ:0·3:i that m"'~Lss could ri,.,;,t, locate virgin females on 

the! plot. In ,·,nch a sj_ -~.1:ltion, mating on the plot would therefore 

d.epe:1el on visual. i'e.ctors o:r' a sirnple chE1.nce • meetin; of mal·es and 

f'rni3J.cs, rather than chc;·tica.l attraction. Thus, as males continued 

to se;_;rch for fc~~1.::i.l,::::s on P:ot. i, malf1 confusion rather than male 

inhibt tion a1)p2:::1rcd to be oe;curring. ThP probability of a ma.le 

find:i.l1g a female by chance or by sight on Plot 1 was high because 

of the high beetle density (100-200 per m2 ). Even so, the results 

in Table 7 .14 indicated that on any one night on this plot (and also 

.Plots 2,3) a higher number o1' ferl.i.al€.;;,' was. unmated than mated. These 

fc.nw.lcs may have mated on subsequent nights, however. 

The nu.~ber of beetles attracted to the centre jar on each plot, 

on an eve!1ing ·when a :najor !'1ale flight took place, was assessed in 

rclatic~ to the qu~mtity of phenol released. from the centre jar and 

the surrounding wooden ~ubes on the plots ( Table 7 .15). The area 

of the top of the jar was 19 cm2 and so the release rates were 

compared on this basis. 

Table 7.1.5 The influence of various auantities of nhenol surrounding 

the trap on the potency of Durez powder 

Phenol release rate 2 
from centr,e jar ( 19 cm ) 
con~_0,ining 10 r.iL Dure~ 

'+ µg/h 
II 

II 

II 

Ii 

II 

Phe::101 rele?.se rate f 2or-:1 

cube over p.lots/19 cm 

0.02 µg/h 

0.1 Ii 

0.3 II 

o.6 11 

o.6 II 

6.0 II 

No. of beetles 
attracted to 
centre jar 

ca. 400 

ca. 50 

20 

11 

11 

0 
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It h1ter~.::c,·1.,'· to f-ir1d t' • b .1..-- - .na:t eel,.Les were 

not attracte~ to t 1 ' • h ,.v-:: csn ere Jar w· e:1 the phenol i·elease around the 

jar oxceede::3. th.D.t from within the j ::n·. Also, the Durez in the 

CE~"1.tre jar be~,0 -~2 r"ore effective as the rate of phenol release 

aroi.:.nd. the 
':Chese rcsul Ls provide further eyidence 

+hat the active c:.mponei,t in Durez is phenol. 

rp t ' r, ..... 

• rea~me:ic:, ei10c:t,s ~rnro o.ssesscd by measuring the reduction in 

resultant egg <-'ld. first inst;,...r larval nurn.bers between the treated 

a."1d control plots. The results (Table 7.13) indicated that the 

control poplLlation increased by approximately double the mitial 

beetle infesfa.tion (.55 'c:> 129/m2 ) while the larval populations on 

the crJ:.nbhled. treated. areas dropped to about two-thirds the original 

beetle mfestation (93 to 65/m2 ). This difference was significant 

(P..:(v.01). The treatments could not be analysed S2j)arately as 

they werP, n-.:t replicated. 

These initial attempts mdicated, therefore, that providro. a ' 

sufficient phenol level was used above the pasture ( > 180 pg/h/m2 ) 

male beetles could be confused but not inhibited in their search 

for females. Reduced. ma.ting activity also appeareC::,_ to take place 

on the treated plots. These results were regarded as a promising 

basis for further extensive field trials to evalu.a.te the potential 

of phenol in grass grub control provided a satisfactory meth0d 

could be found of disp~nsing phenol at suitable levels for the 

entire adult flight period. 

(b) 1971 flight season 

(i) Trial liwout and soil sampling 

The tr::..als were carried out at the Takapau Research Area in 

Ffawke, s i,ay ~-s tr1::; facilities c:u1d m2:npower were available there 

for large scale grass grub field trials. Two sites about 5 km apart 
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sclf,ctcd, o:v=; wit~ a hii•:11 ·,":rass i- ·1 t _, - gruo popu.. .a • ion a.rid the other 

,·,i th 0 • low r,:•.r-;c:L;.ticm • 'j_'<.;;J plots ( Oi- x 64- ni) spaced greater than 

lOO rn 2.y.:,,:-,_rt 1·:2,·e located with:Ln each site. Each plot was matched 

pac.•c--~ >.1 --c. _,,.o ,..· . • 1 _. t . 
_ _...,_. ~-'· ~ .1. r .... ir:,L .. ar_1__ y in grub nu.111bers, dc1.mage and 

On L-,,_~ J.mr p'.)pulation plots, six sub-plots (4.6 ·1/) were 

placed on knmm :'.):J:.:lcots of j nfostation. These were set out at 

en the high r)o~ulation plot - . r~ . --- S • 

Phenol wa3 released over the pasture at a re~sonably con­

trolled rate by scaling it into J.2 mm PVC tubes and allowing it 

to pe:cmec1.te slowly through the polymer wall. A total of .3 km of 

tube containing apprvximately 25 kg of phenol:wa.ter (9:1) was 

pl::cec. on each of the treated plots. Lengths of tube (64 m) were 

spaced 1 m apart over each of the treated plots. The layout of the 

fielJ. trials is illustrated in Plate 7.8. 

In orcier to assess likely beetle numbers, four hundred(10.2 cm 

dia. )soil cores were taken at random to a depth of 20 cm fro1;1 eac:. 

site at the pupal st~ge. During the flight seasou soil samples 

were taken daily, at random, from each sub-plot. At the finish 

of the flight season, twelve soil samples were taken from each s11.b­

plot to assess treatment effects by determining the resultant eggs 

and first instar larvae. 

To rec0rd flight behaviour, a mechanical rotary- trap (Plate 

7.9) sampling at three heights (0.2, 1.7, 2.7 m) was placed on 

each plot. On the low population plots these were placed on lmown 

infested areas. 

Treatment effects during flight were assessed with ten traps 

placed on E:::ach plot each baited with five virgin female beetles• 

•?ho fe:·,ales were held in soil at ground level and allowed to emerge 

l] h • Control traps were placed alongside each natura ... y eac evening. _ 



CONTROL SI TE 
(0·4 hectare) 

E 
V 
tD 

64m 

prevailing during 
beetle flights 

TREATED SITE 
(0·4 hectare) 

64m 

----------150 m ------- E 
V co 

3 km of 3mm PVC tubing 
containing 25 kg liquefied 
phenol. Tube spaced Im apart. 

Plate:: 7.8 Yield tr:i.al layout at the Takal),'n;_ Rese2.rch Area tesU.nr; 
the male confusion principle dux:ing the l9'71 beetle 
flight sc2.son. 



i"•iecl~1.:.t1·1~1..cal 
d~:..1-rir1g the 

~~,;::·"l'.'y trap usei to record flight bchr.i.vi.our 
-'-:1 ( 1. and 1972 f;:t~v.ss grub flight seasons. 

Plate 7.10 Glass baffle trap used to assess directional flight 
behaviour during the 1971 and 1972 grass grub flight 
sea.sons. 



baited tran. 

DirE:cti::-.-11al ""l' h,. • · · · 
_1. ig. L, FJ3,.h.u1 each site was measured with eight 

( .. \ :u.; 

Prior to tl·e beginninr of the trial, the control and treated 

plots on the lv,., pe>pulation site contcined 36. 7 and 21+. 8 pupae 
2 

perm , respectively. Ur. the high population site, the control 

and treated plot::; contahied 140 and 161 pupae per m2 , respectively. 

On both si:-es, male flights were observed to commence on 

October 21, 1971 and the phenol tubes were laid out the following 

dcV• On th~ low pop-;.;...1ation site, major flights took place betwF?•,m 

November 4 and 9 and the flight season was finished by Nove:nber 15. 

Major flights on the high population site took plc-.ce between 

November 7 and 15 and the beetle fliE:hts extended to November 25, 

1971. 

At Takapau, grass grub flight is usually dominated ~y males 

throughout the entire season. The percet, ::.age of the total males 

caught in the rotary traps at three heiglits is shown in Table 7 .16. 

Table 7 .16 

'I':rea.tment 
(hciGht) 
----
Low 

Medium 

High 

'rot.al 

i_)m centaE;e of tot<', 1. males caught in rotary trans 
at difi'ez2nt. hni~d1ts--o;-;_-1 m:r and high L'O':Julatiorn::: 

Low population HiGh population 
Control 'i'reated Control Treated 

81.J 77.1 76.1 73.2 

11.9 13.6 17.6 18.6 

6.8 9.3 6.J 8.2 

1185 875 21lJ.3 1912 

2 
Xc2t 

6.2 (p..::::.o.o.5) 
2 

X<2t 6.J (P<:::::0.05) 
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A significz:..ntJ.y lower proporti· or·1 (P 0 05) • < • of male beetles 
was cz.u3ht in t:;,-:; lo,-1er rota.ry traps on the tref..ted plots on 

both tlie hiirh a.~d J.o•;.r l"V'ln_ •.• lll:~ti· on si· t.c~,c-:, • •• , 
- !-"-' - ~- ,_ 'l his diff erencc was more 

marked j_n the b::.fi'lG trap c2.tch0s on the low populo.ti.un site 

(Table '7.17). C• -, t ,, ,.,, hi·. i- . , t. . t . n • 
,L "~ gd popuJ..a ion si e, di1.fer..-mces were 

not significel..!1 t, ;., result uhich remains unexplained. 

Table ? .1? 

Treatment Loi:r population High population 
(height) Control Treated Control 'l1reated 

0 496 153 104-2 949 
1m 486 317 937 737 

? 

X<f )4.7 X (.i )4-o. 7 (P~0.001) ns 

To assess whether tJ:-i,::i treat-ment wc1.s <.i..isrupt:L"lg nonnal comm­

unication oetween mal~s ar1rl females, the attractiveness of females 

on the control and treated plots was compared and the results are 

shm.m in Table 7. 18. 

Table 7.18 Hale beetles attracted to viri?:in female 
trans over the fli£-:ht season 

Treatment Low popuL~:t.ion High population 

(trap) Co~trol Treated 

Female traps 

Control traps 

Percentage caught 
in female traps 

1026 

J61 

76.5 
(52-94) * 

317 
209 

60 
(.38-81) 

* Day-to-day range in pcrcentazes. 

* 

Control Treated 

10.i.8 848 

41.5 493 

71 6J 
(50-100) * (47-75) * 

2 
i(1)== 19 (Pc::::0.001) 
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sites, the femaJ.e.s on the 

in the 

locatin? fcnales a.s effectively as normal. A 

si.m:i. ~-2.:r resnlt obtained ~-r:i.t.h the virgin .female traps on the 

I1igh D __ 0 1 •• -Jllj_3.-t,·..L·o·.1 ~7+.o __ .Q. '[" l th t 
~, - - - ~ -'~=L es on , e rea i:.ed plots , however, were 

not co::.pletely diso:::··ien-i:.ed, for· the traps containing fa71ales 

attracted significantly more males then the control traps along­

side (low population "f..(f )= 22, P<::0.001; high population t(i)= 93, 

P<0.001). Thus, a.t the pi:enol ralec:.se rate used, males were still 

capable of locating fa11ales. 

'I'he fa0t that males could be completely disoriented was con­

firrne.::i. by using a higtier corica'1tration of phenol in the air on an 

area ad.jacer,t. to the ~gh population treated. plot. Phenol was 

released .')ver a O. 1 ha area by covering the bottom~ of eight open 

trays (.54 x 40 x 10 cm) with liquefied phenol. The trays were 

spacesl apprnxi.ma tely 9 m apart and phenol was readily detectable 

over th8 arAa. Seven female traps, with controls alongside, were 

placed equidistantly between the phenol trays. 

'i,he test wa.s ca.,..r.ied out on a calm evening whe.n a major flight 

took pla.ce. F'ewale traps on the control a.rea caught 197 males while, 

on the phP.nol area, they attracted only 14 males. Control traps 

on the control and phenol areas caught 30 and 18 males respectively. 

Hassiv;.; attraction of male beetles on to the treated plots 

was not obs-er·ved to take pla.ce and this was verified by the soil 

] ' .;_,-1 '1".,,b1e 7 .19 in ·wlri.eh the male/fem.ale beetle s22;:.plinr~ :·:es·,1..l,s --" ,. --

.r- the control and treated plots were simj_lar throughout ratios J.or 

the tri2.l. 
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'l'reat!:0;1 t Low population lf.igh population 
( C1 OYL'- , "' ' Cont:r~Jl Treated ~·-- • '-' •• > ~· 

Control Treated 

Oct. ~:2 .... 2d l.,-J/52 68/60 45/Jl . 50/38 
Oct. ,..)_....) 

........ r- 4 97/129 116/163 224j181 169/149 
'--/-- . Vs• 

r,rov. 5 .. :1.1 6).+ I f.Y+ 106/109 227/182 141/128 I 

1~0\r. 12«18 J/JO ?/20 2JiJ2 1/6 
I"~ov·. l·J---~c~. 1 =~2mpling termi.':1a ted 

In order to measure the effectiveness of the treat.rnent at 

preventing matinc;, a comparison was made between the rates at which 

females were mated in the sub-plots on the control and treated 

plots. The results (Plate 7.11) indicated. that there was no diff­

erence on the cont-rol and treated y,lots for both the high and low 

J:"-Opulations. Thus, all the females or. the trec::..ted plots were 

mated at the sazne i.ii"Ue as those on the respective control plots. 

This was confir!1s-d by the soil sa.--npling results shown in Table 7 .20 

where a ~ii~ilar nu.rnbe~ ~i eggs/first instar larvae were found on 

the treated and respe,Jtive control plots for the low a..."ld high 

Table 7.20 A.verao:.:; nu.:1ber of teneral beetles and resultant 
e ,.,.,~s/fj ,~ . .;~. instar larvae and sub-plots ! .... t, - _ ...... _.., 

2 
No. beetl~s/m 

No. eggs and first 
instar/r;i2 

:i.,ow population 

·control Treated 

105 1J9 

514 484 

High population 

Control Treated 

171 175 

603 475 

One of the nrcioJ.c-::s nssociated with the use of S8X pheromones 

in the field is the wasteful liberation of pheromone during the 

day when it is biologically ineffective. In the case of the grass 
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100 

80 

~ 60 
~ 
Q) 

~ 40 
Q) 
0.. 

20 

Low population High population 
too few numbers 

treated 
control --

2 4 6 8 0 2 4 6 8 10 
two-day time intervals 

Plate 7 .1:1 l"crc;enta1,;e females m;i_ted on control and treated plots 
a.t 2-day intorvals during the 1971. fielc. tr:i.a.1s. 
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grub beetle, 

hour ...,+ v,v 

In tb.20e trials -Lhe aver[~.r.,;c_~ p.•_.1_ev.1_ol 7 - -Oss over the flight season 

o! 4 weeks ·;.,':'_s 200 1.:./,J;, __ -,-/ha.. TJ • tl ., , ~- u..::-::..ng • 1e hour at dusk, the average 

arnount of p}-:::·:-1.rJl relc=J.S(::J. was 5 [O.:/h/h-'-'1.• , With the exception of 

It dir'l ,<opear, tlx.:rcfore, that on both low and hiGh grass 

grub popu.l~tb_ons, mating activ-l ty wa.s not reduced by releasing 

phenol over the pasture; at a rate of 5 g/h/rra. With higher phenol 

release rates, male -Plight was completely confused. This pro...-ided 

a basis for further work on this aspect of grass grub control. It 

is clear that preven;.:.ion of normaJ_ chemical communication may not 

giv~ significant control because of the high probaoility of chance 

mating in -t.:1e field. 

(c) 1972 fliP;ht season 

Field trials were carried out during the 1972. flight season 

to evaluate the effect on the mating activity of grass grub beetles 

of releasins; larger quantities of phenol over the pasture than t:r:at 

used during the 1971 flight season. 

(i) 'l'ri~_l la.:vou.t ;:mcJ soil sa.nmling_ 

The trial was c2.rried out a few kilometers frvm the Ruakura 

Research Cent.re on a fn.rm ,~-i th a moderate infestation of grass 

grub. Two sites were selected., each with an area of 0.25 ha, and 

spaced at least 150 m apart. This separation was cons:i.dered to 

be sufficient to prevent the trcat.-ne:..--it (applied to the ·western 

· fl th co"'"·roJ c1.· te Twelve plots site) fror:1 h;-:ving any :t.n uence on • e u :_. , - __, • • 

( 1 m2 ) were pl,wed on lmown inf 2stscl areas on each site. 

In orcJ.91~ to assess likely beetle munbers and possible treatment 
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effects, t:,,cnty soil cores (10.2 c:n dia.) -were taken to a depth 

c;f 20 c,.1 fr-c;1 the t·,,cnty pJ.ots at 
_ the third instar-pupal otage and 

agtin O.~v 

To reco rd flir;rit behaviour, brnnty glass baffle traps were 

used on c·:)t'.". th,:, t·-c~+-~ , t , 
'~ ,1,· _,_,_ ,,\c.'-4 ana COD ro .... sites. Ten were placed at 

ground level ,.L'1d ten, 1 m above the,• ba-round. ·1·, hi , · t - ,· 1 r, n eacn si e, 

direct5_o,i,3J. flight was measured by locating fourtei:::n baffle traps 

( seven hig::,, seven 1,-,,,.,) 1-•i· thin ,J') 1•,,, ., th t 
-- ~ • -. " 01. e ou er boundaries. The 

0 ther six traps (three h.i.gh, three low) were located at random 

around the centre of each site. 

Treatment effects during flight were assessed 1-.lth ten 

f ei:~tle traps placed on each site, each baited with five virgin 

female beetles. The females were held in soil at ground level 

and allowed to emerge naturally each evening. Control traps were 

placed alon~side each baited trap. 

In order to obtain a higher release of phenol than that used 

during the 1971 flight season, a different phenol dispenser was 

used. This consisted of plastic tubs containing 1 kg of phenol: 

.. ~ater ( 9 : 1 ) . Each tub, placed in the soil to a depth oi' l5 cm, 

was located at 10 m intervals over the treated site in a 5 x 5 grid 

pattern. During the day, the lids were on the tubs and phenol 

sublimed on~--) the botto:n surface of the lid. At le.1.st half an hour 

before flights commenced, the lids were removed to allow sufficient 

time for phenol to vaporize and diffuse into the atmosphere. 1'he 

bottom of the lid was also exposed during the flight and replaced 

each evening after the flight had taken place. The quantity of 

phenol released over the prtsture during the flight period was 

, , · , - r·,10,·.:-uri· r1rr the 01.1· _fference in wei,~ht of five tubs when Ctt~~.crr1.inc:.:-J. ::..rJ ~..._ ... v .. " - t: •• 

the lids were rer11oved for a few hours about dusk. 
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J_;efore the ;:~·:i;) 1, the av~,r-e1.ge nurnber of third instar larvae 

}Yale i'light. ~; were 

evenin~; • I-J.~,jor n.·,:·>ts took :.~lace between november 1-7 and the 

The b.,:;_ffle tr;:,:;i results for males (Table 7.21) followed the 

same pattern as in the Taka:nu trials dur-ing the 197t flight 

season in that a sit:;nifica.ntly gr-eater proportion of ma.lea (P< 0.001) 

flew higher over the treated site than the control. In fa.ct, about 

three times as many males were caught in the baffle trapa on the 

treated sit,~ tha.'1. on the control which was probably a reflection 

of the confused male flight behaviour ov~r the treated plot. 

Table 7 .2:l. Total r:.ale beetles cau";ht j_n baffle tra~ 
over the 1972 flight, season 

Treatment c~ntrol 'I'rea.ted 

(hei~ht) site site 

0 J90 717 

1 m 150 765 

The baf.fle trap catches for .females (Table 7.22) also showed. 

that a greater prrportion of females flew above 1 mover the 

control site plot. This was consistent with the k'lovm behaviour 

J. b tl • the Waikato region. About twice as many of f ema e ee es in . 

Cau~ht in the baffle traps on the treated site female beetles wore o 

l ·.,.",-u· s .c-u .. c.< .. '•.:ested that. a greater proportion of than 0:1 t', (, C::);'"i "t,rO . • ,., . , 

over the treated site t1'.an the control. Such 

mav have been consistent -wit.11 the observations of a phenori1e:1on .; 
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Kelsey ( 1, ,('-,') 
!., "' - .,, - .... w:1o stw 0•2sted tl-- ~. , .. ~ 

• • •• i ,,, .l emale beetles took flight if 

gence. 

0 

1 tn 

Control 

site 

51 

208 

after the initial soil emer-

Treated 

site 

78 

456 

'l'he results of the virgin f e."llale beetle catches are sno,;,m 

in Table 7.23. 

'l'able 7 .23 r:al8 beetles attracted to vil·.'!in female tr0ms 
ovc2r t:-ie '.i.9'?'L fli£,;:1t season •• , 

Treatment 

1',emale traps 

Control trans 

Percentase cau~ht 
in feU1ale traps 

Control site 

84 * 
(20-100) 

* day to day range in percentages 

Treated site 

397 

:w~ 
54- . 

(40-59),r. 

A total of 2!.35 males was caught in the female and control 

traps o~ the control site while only 741 males were caught in 

similar traps on the treated site. This result is pro·oably related 

to the confused male flight behaviour on ~he treated site. A 

sig:nific:..:"1Lly greater proportion of males was attracted to virgin 

females 0:1 the control site than on the treated site. This is 

consistent with confused flight behaviour. .Statistical analysis 



This meant that 

b.,l,avio,,r -v;~s still not ~~'11plel:,ely confused in spite 

of the hi:), r;:__te of ·_/:r:.101 relF>.l.f-',P. '"h f' / '" • ., 1 e ..: e:n;;.le trap control 

trap dii'.fer~,·,cc occ,-.,.:-cd. on. J out of 26 evenings cl.uring which 

m2.jor male i'1i•i--its -·L..·,·,•,:, -,-.-1-ce 
' '--' ,..., . .. t) ..... ~-1,. • 0~ these evenings, females on the 

treated sit::! 2.ttract~,..1 ont"--: a.·0,,.:J ~ h..,J., .f ti· mes .... " inany ] t· - ~, ..1. 0 - - ,., , o.,.; , ma .es as ne 

control traDs alon.?',:,i.df,. 0"' ·t·he o+h ,_, d f , - - ~, - ..,, er 1,;m , ema.Les on the control 

site attracted 10-:1.5 ti.t--:18S as many ma:tes as the control traps. 

Durinu: the hour at fr.1sk, aT1 average of 28 g phenol was released 

over the tri[•l area. 'fhis phenol release rate was fairly consistent 

throughout the flight sea.son but diG. vary from 10 to 60 g/h. The 

phenol relea.se rate used, was about twenty times higher trum th.'3.t 

used in fi<.:>ld trials d1:~ring the 1;,71 flight season. 

The mechanism of. action in confusing males.and the influence 

cf por~u.:1.tion de.."'lsity on the effectiveness of the methods were dis­

cussed in Section 2.12, If it is assumed that each female beetle 

releases its entire phenol supply (1.5 pg) during the hour at dusk, 

then the 28 g/h of phenol released from the tubs ever the 0.25 ha 

site is roughly equiv2-lent to 80 x 106 fe:nales/ha i.e. 8,000 

females/m2 • The ferac.le density on the treated site was 50/m2 • If 

it is assumed that t~1e phei'1ol from the 2.S tubs emanated from 8,000 

point sources/r/, -then the chance of a male locating a female on 

the treatsd site was 1 in 160. 

Although male flif:ht over the treated site v.ras confused, mating 

was still observed to take place. The mean number of resultant 

eggs/firstinstar larvae on the control and. treated sites were 450 

and 280 rcs:x::ctively • .. fith 2.n :::3E~ (5i-) of 1.61+. '.Ihile the nmnbers 

011 the treated site were about 40/, lower than those on the control, 
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signific:nnt at the 5/ probabilit;y- level. 

too 

low for ;-,:-, C' 2~),10mic control. As disc1_1 ssed ec)rlier, an 80/~ 

tc maintain a population at the 

ioural ar::er:t for ~_-_ra!';s 1 t 1 c·. - p;ru,) con ,.{'(J_,_. 

7 ,.., C , .o oncJ_usions fro:n. mass tranning and male confusion field trials 

'l'he t~1c~oretical calculations on low beetle infestations 

outlined in the population ~odel. suggested that grass grub control 

by r.iass trapping becomes possible only when the attractant is of the 

order of hundreds of times more ei.f ecti ve th~n the fe.i.'T!ale. Durez 

paste appeo.red. to be a phenol formul&.tioc. which partly fulfilled 

this reauire;11ent. Eence the effectiveness of Du.rez as a direct 

bGhavioural c~ntrol agent was tested in field trials. 

In these trials, 1-Jurez-baited traps were arranged in a grid 

pattern. Over a quaj•ter of a million male beetles __ we;.•e trapped 

luring the ...:'li?ht period. lvlati.."'1g was observed to take place on the 

plots bebt"'-::m the traps, ho,·:ever, and no reduction in the resultant 

;_arval nw:ibers took place on the treated site. Thus, with a trap 

density of, 61+ per ha and a grass grub population around 200 beetles 

2 per m , Durez paste ciid not cor:1pete successfully with virgin female 

beetles in the natur:>.l population, particularly when the major male 

flights co:r..r.1enced.. 'i'he trial was carried out on a hill country 

farm and Virge numbers of males were attracted onto the treated site 

from nun·.-,)Y t:rees. 'J.'"his :pheno;e1enon illustrated a difficulty in using 

t, · · ' ' J. •. n wn. dulat1.· n2'_, hi' 11 co"nt "",1r with its associA.ted attrac· ion ~e~noas ~ ~ ~0 

gullies, tr,,es, and orographical effects. 



if it ,,·· ,; n,·csenteJ in the field 2.s a line source rather 

~ ~.J.cs on s 1 1!:l1 cr.nt 1 d t • d .. - - v, ,ro ... 2.n reat.e ,_ sites sugg-

iztsnsi ve matinr~ was observed. on the 

r.::dc1ction in rc,sultant larval rJtm1b9rs 

took pl."'c,~ • ·1·:1us the potency of Durez paste as a line source was 

Hot sufficient to allow it to out-compete the females in the natural 

population. 

In the initial field trials to test the :nale confusion method 

of l.!oni,rol, phenol was dispensed from wood.en cubes placed on the 

pasture. H.esul ts indicated that if the p!1enol lev ;:..l was above 

1.8 g/h/ha, male i)eetles could be confused but not inhibited in their 

search for fe:nales. It was also shown that the potency of Durez 

powder in a jar could be reduced by releasing different quantities 

of phenol around the jar. ·;-[hen the phenol release rc1te around the 

jar exceeded that from the powder within the jar, the poteilcy of 

the powder was nullified. These results provided :!-'11rther ev:i dence 

that the active component in Durez is phenol. 

In tl1c followi.nf. season, phenol relectsed over_ the pastt::::-e 

tst a hichcr rate (5 t'./h/ha) caused males on the treated site to 

fly higher than those on the control. '£his amo1mt of phenol was 

insufficient. to CO!'rl},letcly disorientate or confuse male flight 

behaviour and mating activity on the treated site was not reduced. 

An even higher release of phenol (110 g/h/ha) was used in the 

i.... t fli· .,r_s,h, t qcason and the effects on flight behaviour estab-su~,seque~l ~ 

1 , · d , · · ouc ""e"sor1 ,·err-> rr,,.1,)roduced. Althou,a:h flight behavioiJ.r 
J..Sher ·c.ne: Dl'C\TJ_ "' ,, ·"'·'· ; " - - - , 

was confu,3 e;d, males on the plot were able to locate females and there 

no reJuct:i..on in l;.:i.rva.l nwnbcrs on the tre2,ted site. It appeared, 
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therefore, that phenol is of little value as a control agent for 

grass grub es:occially with populations in the order of 100-250 

bsetles ptr 
2 

P1 • 



PAHT II 

Al-l.l-ff !O.{.; EOTH 

B.1 Jnt!~duction 

Tl,e r~:c,jori ty oi' s~x phero,:10:1e st~dies that have been carried 

out have been vri th 1epidopterous insects. The reasons for this are 

probably t~-ro-fold. 

the laboratory and ' , 

Firstly, moths can be r·eared fairly readily in 

therefore, they ca.vi be made avail able in large 

munbcrs U1roughout the year-. c.:ecor.dly oth 11 hib" t v - _ • . , m . s norrna y ex 1 

strong sex stirnulatory aci:-ivi ty in the laboratory which allows 

reliable bioassay procedures to be developed. 

l'.ales of !'la.1'1y species in the farr:J ly i'Joctuidae have been 

attracted in the fiel_d to specific mono-unsaturated alcohols or 

a,::etates (:=:.:ielofs anc:1. Comeau, 1970). These workers showed, for 

exar1ple, that five snec~es of moth in the subfamily Hadeninae, to 

which ?.seDarata bel::ings, were attracted to cis-11-he.xadecenyl 

-?..cetate. .'.'r1e study by Roelofs cmd Comeau in which sex pheromones 

were discovered fo~ 37 lepidopterous species was carried out simply 

iiy using st;:3ndard comp:,unds in traps. 

Roel~fs' group also used. a comparison method to identify sex 

phero::nones. They co.,,pared the behaviour of crude natural pheromone 

extracts to that of standard compounds in functional group tests, 

concentration steps, and ~AG tests. Suspected pheromones were then 

synthesizeC. and tested in the field for a8tivity. This procedure 

;rn.s outlined in .s,,ctions 2.10 and 2.11 2.nd is basically the approach 

adopted in this study on the common annyworm moth. 

188 
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8.2 

2 rT\IT'.1orm p-Yqnlation, moths were collected 

of fluted 1_n."'.'_.Jer h,?~d j n bl'!".'.-~.•:;t.s. r t •- - n he initial attempts ·to raise 

:1.d1.llts ."L-:-1 -1-1-.e 1 ' t th 1 •• ,,., ~:Jo:r::,. or:r, .. e arvae '•1ere f 0 rl on t ft f • • ,._,__ ·lL s o ryegrass 

in car::_:,•J2.rd b::::ixes < . .)0 x J:.:; x 10 cm) d .,, . covere with ·terylene sheer. 

:Ihen ths cc-.. terpilla2·:: were i'uJ.J..y developed they wei~e transferred 

to cont~•.iners li' n ,l o th b ~ t • th e.__t n e ,o _:. om wi pmd.ce, and fed with cut 

grass until pupation took place. The pupae were se~ed on the basis 

of the genital aper·tures (Clearwater, 1971) and the males and 

fer.:tle::: were placed j_n seoarate boxes. With this rearing method 

the overall mortality was in the order o.f 9(f/, which meant that 

onl;y a few thousand moths were reared in the labor:ttory at any 

one time. The mortality rate was fairly constant throughout the 

early instar stages but increased significantly durinr, the late 

instar period when t!:e larvae became infected witr1 a vi:cal disease. 

In the second year of tr~s study, in an effort to obviate this 

disease, fully fed lurvae and pupae were collected.in the field 2nd 

raised to adults in the laboratory. Approximately 15,000 insects_ 

were collected and yielded about 10,000 moths. The JOi, loss in 

insect numb.:::rs wa.s due to parasi tisrn in the field-c-ollected lc1rvae. 

The method was slow and painstaking and in the third year of 

this study on the armv-tmrm moth (1972 season), attempts were ma.de to 

mass rear larvae, from eggs, under field conditions. To do this, 

young maize plants at about the silking stage were covered with 

tents made .i.'rom terylene sheer ( Plate 8 .1) and moths were introduced 

into the tents and allowed to oviTX)Si t on the maize. About 2-3 days 

prior to the introduction of the moths, the tents wm.~e sprayed with 



Pla_ te 8 .1 'l'erylene tent used for mass rearing a.rm;;ni·crrn in the 
field. 

8 2 Anny caterpillars within the terylene tent. Plate • -



re:,1:>ve possible pa.rasi tes. 

llyy,·,r>Y~•c•- '-F,7,, ,- (',····o ti 
•• 0-:' '··-'•"'-L.,~c .J,\..,<._, mo s1S ,-.rero introduced into six: tents 

at v;rry:' Yi{''. sta.'_",es throu1"'.hout thP s·w·,,,,,mer. 
• -- • " Egt:s were laid in 

e:~trem.ely l::•.~','"(➔ nu!1Lors and the resultant larvae exhausted. the 

food. sup-;ily un-:3.er f:~cch t1:mt within a few weeks. 
The caterpillar 

density und .,i' each -~e::nt 1-;as approximately 250 per maize plant. 

,il1en +he c~1.tcr:iilla:·a e:·:hausted the food supply, the tent was 

extended t0 inclucle frash maize. This teclmj_que was not successful, 

howe-.rer, for the majority of caterpillars did not move towards the 

fresh food supply. Consequently the caterpillars w•:mt into a 

phase polymorphism s:.ate. In this condition the caterpillar~ 

be~Ollif' more active, use a lot of their store-.."l energy reserves, and 

are more susceptible to disease. Inde,3d~ a great majority of the 

lar':de became infected v-r.ith the viral diseasF1 that. had been observed 

in laboratory populations in previous years. In subsequent exper­

iments in a controlled environmental laboratory (D.S.l.R. Pa!.mers-t.on 

North), the caterpillar density was reduced to fi~~ pe~ maize plant 

and larval mortality has been minimal. 

A number of parasites were also found to be a probler.i in 

rearing larvae under field conditions even though fairly stringent 

precautions were taken against them. A parasite that was part­

icularly troublesome was a braconid fly, Apantele·s rufricus, which 

oviposits in the respiratory pores of early instar larvae. Other 

parasites included a tachinid and two ichneumonid wasps, Netelia 

sp and 1Lmblyteles rodatorius. 

Despite the presence of parasites, large numbers of developed 

larvae were. obtained (Plate 8.2) but these eventually died due to 

d• 1 • The nu:nber of moths the viral im:ection mentione ear ier. 

obtained with this technique was disappointing for only about J,000 

moths were reared in the third year of this study. Overall, only 
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f!Oths 1 ,s~·-e avG.ili"ble +h~ou..,.1n--u+ ·t,·,e thr-~ y -
... ..., .I. (_yu.v v .i._ .1. ::::(::;:; E..:a.rs 

of thi,s study. 

(b) 

of that dcscrib~d :art ell and 3horey ( 196';). The olfactometers 

were m2.o.e fro:11 2. 5 1 clear ~lin~hester bottles with the bottoms 

:i:-e,--noveci. '.i.'he '[incriesters were inverted and the moths were confined 

between plastic g.zcuze, placed ove:c the open end, and metal gauze 

retained on the inside by the neck of the bottle. Fresh air was 

blown through each olfacto~eter at a rate of 25-30 1/h by means of 

a forge blower placed outside the laboratory. The air temperature 

was maintained at 17 .:t 1 °c by blowing air qver a thermostatically 

contro118d radiant element placed in the air outlet pipe from the 

forge blower. A closed-air system wa.~ maintained for each olfact­

ometer by leading th0 air from each olfactometer to an exhaust 

tube. Test "!:1.a"ter·ials ·,1ere placed on the metal gauze through a 

hole (2 cm dia.) drilled in the side of the bottle just above the 

neck. ·;:he temneratu:-e in the bioassay room was also control.l'ed 

a:n.d w, .. ried :,etween 16 and 18°c. 

Ea.le p1 0t!-ls were placed in the bioassay room as soon as they 

emerged and were conclitioned to the 12h:12h light:dark cycle used 

in the room. 'I'he li.'::,1t period commenced.. about 3.30 p.m. and 

finished at 3.30 a.m. Red filtered light from two 40 ·w inccindescent 

bulbs at low intensity(~. 100 lx) was used during the dark period. 

Nale moths were used in groups of ten in the olfactometers and 

were fed wii:.h 8j~ sucrose solution. 

The sex pheromone was ex:oosed to male moths either as crushed 

L 1 g .,,e squares or more usually as a fe.::nale a':J5.or.1inal tips on :nel,a. au ... 

concentrated extract on the end of a glass rod. Moth flight 
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Plate 8.J General view of the olfactometers used for sex 
pheromone studies of the common armyworm. 

Plate 8.4 Close-up view of an olfa.ctometer. 
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a.nd test.in,..:; ·,·as n2,i:1i\' carried O'J."l- during this period. On 

8::>q)OSU.ri.~ to t','~ s•:.'~-~ -::1'.;ero·,10110, r-er' '· l b -- - .. • • JepT,J.Ve ma es ecame excited, 

took fli:<-:t ~,.n·,: dro,;·;:,r' do,-m arouttd the glr.tss rod. HigbJ.y 

stirr,_ulated :,_-iles c:~'- ,.,~c:c:d their cl ::-_,~,oers ..-i +t • ~- - . . nn.~ a~ empted to COP-

ul:1 te with t>:'? rod 2.~=-~ 1.;ith one another. tiormB-lly males uere 

Groupe.: 01 l'lals,; ~- :-;eJ. frorn 1-12 days a.ft.er final ecdysis 

,l8re tested a:~ainst .re:::i!ales aged from 1-8 days. Three female 

abdominal tins of ec1.ch .'.lge group were smeared over smn.11 wi.re 

gauze squares and expo3ed to males of different ages in the olfact­

om~terl". :,iales were observed for both flight activity (FA) and 

copulatory activity (CA). The results are shown in Table 8. 1. 

Table 8.1 

E.xut. 1. 

Female age 

(days) 

1-2 

4-5 
7-8 

~:xut. 2. -------

3-4 
5-6 
/ r, 
o-o 

Variat.ion of rr:ale behaviourn.l res1)onse a.nd female 
?hero:n:::me ·production with age 

Percent 

1-2 days 

0 

0 

0 

5-6 days 

0 

50FA,20CA 

150FA,50CA 

male response with mal::- age 

4-5 days 

0 

0 

0 

8-9 days 

0 

75F'A,50CA 

0 

6-8 days 

Q 

0 
* 40FA, 10CA** 

40FA, JOCA 

10-12 days 

0 

100FA,50CA 

40FA 

FA== flirt,ht activity; C~ 1latory activity_ ;1. = copt , . 

,:,~, tested 20 mins after initial test 
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vi:r-,,,:in fertaJ.0~-; did not produce 

11ere 5~.6 days old uhile males did 

... _.,~e 1 c;:~ 1. 1.lts re] ,. • ... th ./' 1 
• " .c-J l,ing vO , e -•~ema e pheromone 

proclucti:::n: '.-: 'c),_··,:-: c·::>n': i ;c,lc:,:1t with the lmo,,m behaviour of fe.nales 

wrJ..ch c0,.·cienc,3 oviDo,~i tion about 5 days after final ecdysis. 

Presun::i."t)J.y 1n,:,_tinJ e-a<C?c:'. place in the field just prior to ovipos­

ition. 

• (c) Prelil-':i:,ary ext:!.·;:,_ction and concentration methods 

To establish a suitable solvent system for extrac;ting the 

pheromone, f~~ale ab~ominal tips in batches of at least one 

hundred were surface rinsed or macerated with either methylene 

chloride or benzene and tested for activity. The 1'esults are 

shmm ir.. Table 8.2. 

Table 8.2 ~~ehavioural resDOnses to the sex nheromone extracted 
with methvlecie chloride a."ld benzene 

Extraction met'ood and 

female equivalents tested 

Benzene surface rinse, 
II 

Benzene macerate, lOQ~ 
• 

10~ E 

0.5~ E 

Methylene chloride surface rinse, l~E 
II II 

Methylene chloride macerate, 1~ i~ 

11 0.1~ E 

Percent behavioural 

response 

20 FA, 10 CA 

40 FA, 10 CA 

20 F'A, 10 CA 

100 FA, 50 CA 

100 FA, 40 CA 

40 FA, 10 CA 

30 FA, 20 CA 

Weak se:x. stimulatory activity (10-20/, copulatory responses) 

was induceci with both the methylene chloride and benzene macerates 

• t • • :i.· c1'1 reduced the rate C " c·•J..,~:,c+ed irrnuri 1.es w.r_ ,._,J.....,.._._} ... l,.1.. r...,... V J. 

Pheromone or partially inhibited. behav­of volatilisation of the 

On the other hand, strong sexual activity 
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induced in n,alc:., which had 

benzene 
The extract 

did not lose its activj_t~r after it ha.d been taken to dryness 

and heated to 100°C for 1+ hours. Clearly, the pheromone is 

reasonably !1eat stable. 

An ethanol extract (1 ml) containing ,3 female e4 u:ivalents was 

t:::-eated wi-r.1 a small qua11tity of Ada.11s catalyst and hydrogen 

slowly bubbled. throuc:h the solution for 3 hours. The extract was 

inactivated by this treatment which probably indicated the presence 

of u.'1saturation in the pheromone. 

An ethanol extr.::ict containing 3 iemale er!uivalent.s was treated 

with 2 ml of Hi ethanolic-potassium hydroxide and ::-efluxed for 

1 h on a v:ater bath. The ethanol soluti~'1 was inactive when 

bioassayed. The solution was extracted ,:ith light petroleum (4 ml) 

after the ac.iditioa of water (2 ml) and after reduc.i.ng the light 

petroleum extr-::•.ct to 0 . .5 ml, acGtyl chloride (0.3 !'!".J.) was added and 

the solutio:1 .:armed for about a minute. ~later (4 ml) and light 

petrolew:1 ( 2 ml) were added and the pe:.rolelL'U extract washed with 

10/, soditu bicartonate and tested for activity. This reacetylated 

• "O -1 c~ d 100 '-i'A • .... 1·,,~1..,"' Thr->se results are ph;.i.se induced .)• 1 • h an . .t J_" ,Lo. "'"' • ~ 

consist~,nt with the sex pheromone bein~ a.'1 m1saturated o.cetate. 

(e) 

Since pTelirninary studies sugr;ested +..he armyworm moth sex 
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pb:;romonc ,y.-,_:_; c.'ll u::c.2:l-.ur-:1.ted 
aliph-;i_tic acetate, standard compound. 

1'he 

1)r '>rtin ,J :1.c,i:-,;,'~. "n of t' - .,._,. ne Uni,ted States 

carried. out 0:~ith both excised and.intact 

T -.11 ', D tnf:; .. :orrner case, the tip of the 

drop of 1 i. sodiurn. c't-J.oride s0.l·u~·._1on.-.. '"', t - 1 t t - ~ - l:..!.ec rica con ac was made 

with the sa~L t solution tnrough pla tinlli'U wire and the measurements 

made on the apparatus described in Chapter 6. 

A series of dodecen:rl acetates were prepared as 100· 
,J - - p.p.m. 

standards in light petroleum and j_ncluded~ 

-6-, -6-, -7--, -8-, -9-; and trans-10-dodecenyl aceto.tes. 

These compounds were tested at the 1 pg level on paper but gave 

no response on the anter.na. Likewise, a series of tetradeccnyl 

acetates which included: 1-; 13-; cis-4-, -9-, -10-, -11-; 

trans-9-tetrqjecenyl acetates a,.~d cis-9, trans-12-tetradecadienyl 

acetate did not give a."1 antermal response. The results obtained 

with a series of hex~decenyl a0etates (~~A's) tested at the 1 pg 

level on paper are shown in Table 8.J. 

Only cis-11-:I0A e;ave strc..,:1g ;.:;tiG responses. For example, the 

average response to 1 pg cis-11-IIiJA in eight measurements on 4 

antennae was 700 µV. 'i,he shapes of the EAG I s of t!'ie natural 

pheromone and 9is-11-HDA (Figure 8.1) were similar but broader EAG's 

' t • 1 • t' t' ,,., aturaJ ,,,,_1..0-"0'"0ne This could suggest that 1,ere oo c::,incc.. ,-."i n ne H< • !'" ·,., ,,, • _ 

a multiple com~onent pheromone system is used by the female armyworrn 

t 1,., ;a7 ,:,-;ale 2_.-,1tennae did not respond to a':'ly of the acetates. rc:0 de " -
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Figure 8.'i. E:,G r·esponses of an excised male antenna of 
P.se-02rata to (a.) an air pulse, (b) 3 female 
equ.::i.valcnts of a crude extract and ( c) 1 µg 
cis-H-r-:DA. Bars over the traces indicate the 
duration of tho air pulse over the antenna. 



. / 

ClS-~~--.:,_ t! 

cis-?-- u 

II 

ll 

cis-10- II 

cis-11- II 

0.2 ¥~: (crude ext) 

199 

'mtenna 1 ----~---
0 

0 

0 

0 

0 

0 

0 

835 
85 

1025 

Antenna 2 

0 

0 

0 

0 

0 

0 

0 

555 
0 

385 

Tungsten electrodes ~;ere used in the 0EAG test,, with intact 

antennae on live rr.0ths, Tho elect;rodes were electrolytically 

polished to a tip diameter of 2-5 J.l.I1l ( Hutel, 19.57) and were then 

p!"otectoo with glass down to the tip. To do this, a 10 pl glass 

m.i~ropipette was pla~ed. over each tungsten electroue and sealed 

onto it by dra:-rir,i; the glass capillary do·,m to a fine point by 

heating it for a few seconrl.s in a microburner. 

both 2r,ter.nae 1:1ere exposed. in a ma."'1..rier s.i.milar to that des­

cribed by i:1;:,.;yne ano co-workers (1970). The J::11..G measurements were 

wade by blowing air, regulated at 1.5 1/min, over·paper containing 

one of' the. standard acetates. The signal from the ~mtenna was fed 

into a :prear.iplifier ~nd displayed on an oscilloscope. The response 

mnplitud.es were measured directly from the oscilloscope. 

The tests carri8d out ·with the standard acetates on the excised 

antEHl!'1ae were repeated with the intact an·:.ennae and the results were 

es~;s,:1-i::.ially -t, 110 s2.t:e in t:-iat, at the 1 Fg level, the antennae only 

respono.ed. to cic_-11-HDA. All the HDA I s were also tested at the 

10 µg level and. a simila.r result was obtained. 
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0. 01, 0 .1, 1. O, and 10. O pg 

0. 2, 0. 7, and 2. 0 mV :r:esp-

:,,c.':!surc:::,:nts 1•:ere r:r.d.e for each weight of compound 

Unlike 

trie situation _;j U1 the excised a..'1tennae, the 1':AG tests on intact 

::mtcn,!;ic with i i':\.,1·1,tle equivolent o.f crude extrac·i:. d..i. .. d not induce 

a rcs;x)nse in Ii' cis,-11-:-DJil. is a n;;.tural pheromone, 

thE:rci'o:.·e, 1.· t .; s .,..,,~csent a+ 1 1 1 • h 100 • t .... I:'·· - 0 ,., eve s esD t, .. an , ng per insec . 

The exci::.;ed antennae ,·rere more sensitive in the }~AG tests 

th8n the intact antennae on live moths. No expJ,anation can be 

oL"'er~d for such a result. 'i'he tests on the intact antennae were 

probably more reliable, hmrnver. For instance, there was less 

variation from anten..'1a to antenna with live 111oths :md the responses 

to air alone were minimal. Large air responses (Figure 8.1) were 

obtained with the intact antennae and these were probably related 

to mechanical movemE:nts of the antennae when exposed to the air 

pulse. This mecha."lical move.""!lent of the excised antennae ,ms a 

conste.nt proble:n in the B.<\G tests and was one of the reasons for 

developing the alternative method with the live moths. 

(f) L~;.·ooratorv hchavi.oural resnonscs to a series of stand2.Y·d 
-ac,:,·'· ·,tc,c_, • ---

~ ~ L,c..;., t:;,--, 

I th • • t· 1 t·ests the standard acetates were tested in .n e J_ru. ia. -

labora-Lory bio2.Ssa;)'s either as 0.1 or 1 pg on Whatman No.1 filter 

p 8.per or 10 pg on the end of a glass rod. The results are shown 

in 'I'aole 8.4. Five of the dodecenyl acetates tested,viz., trans-

7 and cis-J, -7. -9, and -11 , induced. flight respomJes in males 

, · l -'· to ...,t ·fl.·1-• 1.0 J1f"_, level, also induced cj_c,-?--u.'.)~•-·.-ceny_ 2.CGt,8. -=·, = ,,. c:; • 

· · t !'-r>,,.ong_ the tetr;:i.decenyl acetates tested, weak copulatory aT,t.emp s. 11.J _, 
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tcr;ts ,-!i th unsaturated 

1 FE':, 
1 rt 

fl 

II 

' 
fl 

H 

II 

11 

h 

1 }lg' 
II 

ll 

" 
11 

II 

II 

II 

c1_s .. -'~)- II 

ci2~- 7- 11 

cis--~"3.- 11 

~i.s_-9- II 

11- II 

tr~U1~_-(- 11 

".:.rans-:1.0- 11 

II 

cis-4-tetradecenyl 

cis-9- II 

~~-9-
,, 

cis-10- " 
cis-11- !I 

1J- II 

ac. 

0.1 Jlg, ci~-9, trans-12-tetradecadienyl ac. 
(TDDA) 

II 
ii 

1 pg, II 

11. 
10 pg, 

0.1 pg, cis-• 4-h8x.adecenyl ac. 

II cj_s-~ 6- II 

II ci:::- 7- II 

II c~.s ... 0 II 
/-

II cis-11- 11 

Table 8.L~ continued on page 202 
.....--------

Percent 
behavioural response 

0 FA., OCA 

60 FA, OCA 

0 FA, OCA 

0 l<"',-\. OC.:A 

JO l<A, OCA 

0 FA, OCA 

10 FA, OCA 

10 FA, OCA 

30 FA, OCA 

0 FA, OCA 

80 FA, 10CA 

0 FA, oc.~. 
40 FA, OCA 

JO FA, OCA 

10 FA, OCA 

0 FA, OCA 
·, 

.50 FA, OC,\ 

20 FA, OCA 

_50 FA, 10C:A 

40 FA, 20CA 

50 GA, 4-0CA 

0 FA, OCA 
II II 

II II 

II ll 

20 FA, OCA 



Cc:a,J-:n1:"'d ----

II 

' 
tr;-_,::_;_?,_ •: 
--··-

II cis-4- II 

' 
II cis-6- 11 

' 
II 

' 
cis-7- II 

II cis-8- II • 
II cis-9- II • 
11 cis-10- II 

' 
II cis-11-
II cis-13- II 

10 pg, cis-6- II 

II cis-7- II 

II cis-8- " 
" cis-9- h 

II cis-10- II 

II cis-11- ,: 

II 9-.is-13- II 

10 pg, cis-11-B:UA pJ.us 

~ 10 )-1-f.'., ci~, :tr;:,~~-9, 12-TDDA 
II 
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0 ercent 
beha,riv1_:_j~2.l r ---=.:.:.:....:.::·:_;:...::::.e:.:'.1snons9 

0 FA, OC.".. 

0 FA, OCA 

0 FA, OCA 

0 FA, OCA 
II " 
Ii II 

" II 

fl " 
If " 

30 FA, 10CA 

0 1' ... A, OCA 

" II 

20 FA, OCA 

BO FA, OCA 
0 PA, OCA 

II II 

40 FA. OCA 

0 FA, OCA 

40 FA, 20CA 

-60 F'A, JOCA 

£~~-9-, -10; tra,.11.s--9, ond-13- induced flight activity while the 

doubly unsaturated compound, £is-9, trans-12~TDDA, i,.-.,duced. both 

flight re~;pcnse and weu.k to medimn copulato1·y attempts in males. 

This compound functions as a sex pheromone in the southern armyworm 

r:1oth 

(Jrad.y _0:~ ?:-.!:•, 1971b; h.u.-rahara .s.3t i~l·, 197lb)and the Mediterranean 

.flour moth (r~mmhar~. et al_., 197b.). 
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::,_cc,tates tes~ed c· 7 ° d 11 
L, • ~-=:_-~ ' -u,an - • 

ir1c3.uc~<l fli ·:·,-1;..., -,, ~:r,-~)(JSi.~3 i .... ; 11.:--;_les. ''h 
Le compcn.1.nd., ~is-11 1-IDA, ,·,hich 

prO(\.'..'G'::·l str::,,,_ .·,G res~Jonscs did not induce r::opu18.tory attempts 

in l'10,.)_,;:;;_: '.·Tl. t'.· l \ r-l i (JI"\ 
• ·-· ar-h ... •• ,Jvu nr-; on p[-'.:9er or 10 µg on a ~lass ro::l. 

Ho·-;._~v 0 :r, 1.-rh-~;1 i..·,~: co:·!:)'.);:~:d \DS tested in combi.na.tion with cis-9, 

rods, r:1ediu."!l to st.cong c0puJ atory 

activity to:),: ~- :_: c ~ with 1JC> Lh rods. The responses obtai r1ed. with 

th,:~s2 ec1:1}JOu.:,d:; 2.·;, the 10 }l'.:'.: level ,·m:re not as intense or prolonged 

as those obtai,wl 1ri th S'.),flo i:-:as chromatography fractions of the crude 

fE:raaJ.e extract. 

In all the initial behavioural tests with ci~--11 HDA, 100 ng 

was the lowest ~evel used and in view of the E1.~G result which 

indic2.ted. that the expected level of cis-11-HDA in each female moth 

(if pressnt) wcal.d b.::.. less than 100 ng, it wa.s decided to test ~is-

11-!-fOA in the 0. 01-10 ng ran~e. The results are shown in Table 8 . .5 

Table 8.5 Laoorator:v be'haviour aJ. resrxms9s to n_g .levels of 
cis-11_:-i'.JA on c:lass rods 

Weight cis-11 Percqnt behaviourn.l 

H'.JA (ng) response 

0.01 100Fi\., OCA 

0.1 J01'·A, OCA 
II 100:PA, OCA 

1.0 100FA, 10CA 

II 100FA, 10CA 

" 100F'A, 20CA 

10.0 60FA, 20CA 

II 100FA, 20CA 

11 100FA, 40CA 

l! 90FA, 50CA 

At th 8 0.01 and 0.1 ng levels, cis-11-:-DA only induced flight 

at the 1.0 and 10.0 ng levels mediwn.­res:!=onses in males while 

5 __, A.) 1 tory resp· ::mses were obta:"Lned. ( < o /1 C copu a 
~-/hen this result 
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~,g:,.in at the 10 ng level. 

cis.J+ .• a_nd -8-in,::u,•,c.o' '"'e"'k (<2o4 CA) 
-- , -·- --· .... ~ "' .,C)_. • ,.., 

tl1a.t, if ci~3-11.-~-:·._;\_ l,\r~q -'L,·_he " t 1 1 
--- , ,.8. • ura. p,·,s:;:•,:,;-;,_cine, it was present at 

a level L2t:.1een 1 2:nc.:. 10 ng )>:,.r· insect. 

;3ix 1nndrc~d fr:,::.2le ar.<lo;,;.i.na.l tips wore macerated with methylene 

~h.lo:::-ide (J x. 20 :;:l) 2nd centrifuged to separate the solvent from 

the residue. The e:;.:tract was then bioassayed at the 0.1 female 

equivalent level and induc.:ed 201~ copulatcn-y activity and JO¾ flight 

activity in males. The concentrated extract (0.9 g) was applied 

to a Florisil column (4C g, 19 x i.2 cm ID) and eluted with 200 ml 

of each of the following solvents: 50-6o0 c light petroleum; diethyl 

ether: lignt petroleum (1~6); diethyl ether: light petroleum (1:1); 

diethyl ether; and acstone. Sixteen fractions were collected and 

concentrated. on a. rot:>.r,t evaporator but none of the fractions was 

active ir. behavio11ral tests. This indicated that the activity was 

strongly adsorbed. on +.o the Florisil which is a very s+.rong adsorbent. 

A sL"'llilar result was obtained in the thin layer chromatography 

exoerimc::1ts where some of the activity was retained. at the point 

of aunlica tion and a.c-t.i ve fractions were difficult to remove from 
' , 

the ad.,;oroent. 

(h) Thin layer chro:nr>.togranhy 

'T' • ~ chrof":--_. tography was carried out with a number of JlJ.n ,_ayer - n ~ . 

C C UuF·aturated acetates and the crude female extract on plates 
12- :l.6 .., 

+ d · + h ·· • 1 ,8 1 n ,,,nd y-.;_eselgel G :Lr.i_ .. ~rcgnated with J07~ silver con vG' \·Tl v, _ .. _J.eSe f0 J "'-' w , 

'l'i1e 
• h l: U'f",,~a· for ,_.,,,s_,olvin,.a-_, o,·eo:netrical isomers 1~.ttoJ' technique .. as .)cen - - ,. -- t.: 

and unsaturated aliphatic acetate homologues (Roelofs et al. , :1. 971 b) • 
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v:,.lu2:3 _fo,_• " , 
,_ c;. rn_,_,_'l'J,X~r of close1y related 

acet:::i_r,r~s on a silv:!:::· • t 
m_ rate ir;1~)regnated plate is show·n in Table 

-, . 
a ~ :_ne a.long tbe bottom of a 

plate (20 ~ 2C c~) 

ethaa'.)l c3.,'1d exposed to 254 nm u\f light. 

-, , 
as ;/CJ...,_o:·r spcts on a violet background. 

Table Rf val;,.;.,,s for a m.L,1bGr of u_ri.sa.turated aceta.tes 

on a :3~!-~-~ilver ni,~ . .c2..t0 - silica gel plate 
elutc.:1 ·-~i-;:.h diet:rrl Cl''l•'-'r••·J'°''lZ-<--w,cc, (1·9) -. ~ - '-" • I ,,,.,_ '.__.. ... J • _,, • 

cis-7-::J;JA (c1;) 

cis-9-TDA (c14 ) 

trans-9-TDA (c14 ) 

cis-11-rnJA ( c16) 

Rf range 

0.47-0.53 

0.51-0.57 

0.59-0.65 

U.56-0.62 

0.40-0.45 

It is obvious from this table that the geometrical isomers 

of 9-TDA were easily resolved and as expected the doubly unsaturated 

cis-9, trans-12 TDDA was more strongly adsorbed than the singly 

unsatura.ted compou.·1ds. The length of the aliphatic chain also had 

a.11. influence on adsorotion; the lower hci"l.ologues had. lower Rf 

values tha.r1. the hi[:her homologues. 

At.tempts were also made to resolve a series· o.f lIDA I s with the 

unsaturated group at difi'erent positions along the aliphatic chain. 

Some o.f these compounds had ma~kedly differe1t Rf values (Table 8.7) 

while others, fo:c er.ample, cis-9 and cis-11-HDA were similar. 

Gecsr::!',:,r:i.c:-11 iso:7.r::rs uere readily resolved, however. 



'tRbJ..,:; 8. 7 -----~ 

Cmnr:ound ----

tra.:.<13_4_ II 

cis-7- " 

cis-:)-

cis-11- 11 
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0.80 0.86 

0.80 
o.s2 - o.e6 
0.57 - 0.6'3 
0.tL 0.69 

0.66 - 0.?2 

-----------------------
'P}: a··~ I 1 
J. 

1e u.-l s Here a so s:rotted separately on a sil::;_:::a r~sl plate 

anc! eluted wit:b iiethyl ether:benzene (1 ~9. '., but all tl·1e d CC:>lpoun [, 

h~ul Rf values in the range 0.31 - O.J2 and, therefcrc, co~_d not 

be resolved v.·ith sili<.:a gel alone. 

Thir. laye:::- chro,;-:·.i.tography was also carr::Le:i out on the crude 

female extract with JO/ silver nitrate j111pr-egnat0d siJ.ica gc:i.. In 

the initial experiment, 2.5 femr~:i.e equival~nLs were spotted at the 

bottom of one half 01 a plate and 100 ,_ig cis-11-}D)A ci1-1ottcd onto 

tne ether. Tho platf::: was eluted with benzene:ligh+ petl·oleum. (2:J) 

and the sid~ containing the st.·.,..1dard was sprayed with 0.2/~ dichloro­

:t'luores'.Jein in ethanol and the spot dete--:t.ed wit:~ 2.54 run UV light. 

'!'he ,,03oro0nt 00n~aininP, tho c.rude extract was div4-ded into six 

area~, and the fractions removed by steam distillation. The :;team 

di.r5tilJ.:::.:.:.es were ·,. .. shed into light petroleum and b:i.,Jassayed.. The 

area on the plate within the Rf range 0.17-0.2.5 in...i'.1ced 20j~ 

copulatory activity in males. This area corresponc~3d precisely 

with that of cis-11-HDA. 

A further experiment was carried out with diethyl ether: 

) 1 ~ • 1 -1. 'Il1e area around the point benzene (1 :9 as the e UvJ.ng so ven..:.. 

-:i. • fl" ht y-,., in males while the area of npplica-Lion induced .,10/, :i.g. resp01 ., •• 
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adsc:irbent, 

20? 

'\·,les ancJ l..;C),. f'liJ,M:. response 

The copulatory 

which fr1dicatsd that a 

a.ctiv~t~r ,,,,·::r: re1:'a1·,, r·1· o th ' b t ... _ • ~- , .ie,. n e aasor 'en . 

,-,~,:e:-e usGcl to re:nove -Lhe fraction from the 

distill;:, -Lied, and elution wi.th ct· t· ~ 1.e· hy.1. 

Strong 

copula tc,r--y atl:.err,pts could not iJe induced ,;-;ri th any of the fractions, 

however. '1'ne weakly active areas all had Rf I s which were similar 

to those of cis-11-HC:.[I. which indicated that the natural pheromone 

waA p:..~0bably closely related to this compound. 

(i) Gas chro:1atoe:ranhy 

In this study the GC retention times of the e~x pheromone 

were determined by injecting crude methylene chloride extracts 

on to polar and non polar columns, collecting the GC effluent at 

various intervals in glass U-tubes cooled to -?0°G with dry ice/ 

methanol,and. determining the fractions which stimulated b0havioural 

responses in males. 

The cr-,1de extract was obtained. by surface washing 500 female. 

abd.o:ninal tips with rnethylene chloride (3 x 20 ml), concentrating 

the extract to 1 ml, and injecting 10 pl onto each colw.nn i.e. 5 

female equivalents. In Table 8.8. the retention times of cis-11-HDA 

on a number of GC stc:?.tionary phases are sho,m, together with those 

o.f collected fractions wPich stir1ulated copulatory and/or flight 

activity in ma...le moths. 

All the colu.'lll1.s were 1.5 m glass U-tubes a_r1d were operated 

t:, LO 1/. , , ·L·1 ·" • +~o,----,1 c~~-,..1· er , .. ..," 1."lo·.-T rc"te of ;-;.oou·· } l1ll min. j_SOl:.,i"l.er:··1-J ... ,...~/ :.·~J~-C.Jl a lil v.1. ,',-::;.. c.:...1 • .J.. ;_::-o.u ,., n 

On all the coJ.u.rnns the cis-11-iiDA eluted over a. period of a few 



T:1ble ·3.8 r:ctention tines of the pheromone a.cti vi ty of the crude fer::.ale extr2.ct 2.nd ci.s . .j 1--:C.'~ on ,::,:::Lir 

a,,~ non ool a~ ,..+~.J_ion2r1.• uh;:ises ·,.•__,(, ~ .. .L .L - -.L \=- ,..,,:_l, ........... .; .: ,. c .... 

GC conditions Hetention times (mi.ns) Pcrce,-1:, b(" ·-"1,,,_-.,-_;_o,_1r-:0 l 

cis-11-1[1)!\ GC fraction 1--~ S ~ ~ 1 :-~ :< ~; t O •• "' .__,. ~ .. __ ~~ .7... 0 r: ti 

1. lO/ OV-1, 16o0 c 28(26-JO) 
2t:t1* 

.• ... ,- ' L :__':' °' 

:,LIJ~.l 1C(.1~,~-l 

2. 10/; OV-1, 170°c 17(15.5-18.5) 10-14: 
g1,_13 

(· o·--_:::_, 1 ,, 
_I_ ,_ .. ~': 

(.[:,._:.-., •L l:) :·_·, 

22-26 5 '..'.·l~·-.1 

' 1 0 17(15 . .5-18 . .5) lJ-15* 3. 10/ OV-1, 70 C 
15-17 
17-19 

20CA , .50?1\ 
502(, 100?A 
20:.\, 1 Ol~/1,, 

101~ Atlox G-1292, 200°C * 4. 21(20-22.5) 14-18 
18 .. 22 

JOCA, iOOFA 
100FA 

5. 10/ HI-I~ff 8BP, 15o0 c 16.8(15.5-20) 12-16 
16-20* 
20-21+ 

20CA, l+O?A 
20CA, 50FA 
40C/\., 100FA 

10'/ Hl-Eff 8BP, 1.50°c * 6. 16.8(15.5-20) 18-22* 
22-26 
26-30 

JOCA, 60FA 
JOCA, 50FA 

50FA 

7. J/ HI-Eff 8BP, 180°c .5~.5(4.5-6 . .5) 4-8* 
10-12 
12-14 

* indicates the fractions which stimulated the most intense sexual responses in males 

5()(1 ~ 100:F'A vvR. 1 

20CA, l/)f'A 
.5GFA 

N 
0 
(.,0 
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rnin11.t cs 2.n.d_ is ind.ie:i.tc.(l lY\t -{v-' .• -.,(~ 'r'i' • • .., ,_ .. gu.rcs in the brackets in 

Cn the 

fc:-r.ale cxtro.ct wh.ich • ,.:i ' t' • in, ... uc,::,ci. ne s,,rcmgest 

inc:uc'J:.J_ copuJ.r:.tory c:.tter1pts r:ind/or fJ,_ght 

in :,- __ Les. This j_ndicatd th;:i_t, a multiple component pheromone 

A similar si tuati:.m ex, sted for the polar HI-Eff columns. On the 

other lnnd, the active fraction i)Ollected from the polar 10/~ Atlox G 

1292 column was a few minutes shorter than that of cis-11-HDA. On all 

the colUJ'r.!'1s, with the exception of 10/, Atlox G 1292 at 200°c and J,~ 

HI-Eff 8.!:lP at 150°c, copulatory activity was induce:d with more 1.:nan 

one fraction. 'i'he most potent fractions were olitained fr'.Jm the ill-Eff 

83P (polyester) co:)..1.unns whic:i S'..l.ggested. a. higher d0gree of purification 

was achieved with th:'...s s~tionary phase. 

Gas cb.ro:r.a to grams of a crude female extr&..ct (~. 10~~~) on 10)~ 

HI-?~ff 8.JP on 100-120 mesh ;:}nbacel at 170°c C'Jitrogen flow = 40 m.l/mir1) 

a.rid 10l 3~-30 0:1 100-120 mesh silanized Bnbacel at 200°C (i'Jitrogen 

flow=40 ml/m.in) are shm-m in Plates 8.5 and 8.6 respectively. Similar 

chromatograrils were obtained on both columns. On t;.e pol;,i.r i-U:-Eff 

colurnn cis-11-r{;)A eluted between 1J.6-15.2 min with a peak maximum: 

at 11 ... ~.s min. This corresponds with peak A, in Plat.e 8.5, which had 

a retention time of 15.1 min. The corresponding peak on the 10";'., 

t t, • t • of. 12. 8 1n1· n T-rh. i· ch was 1 min less S,~JO column haci a re en· ion ime , • 

that n • 11 ,r,A On the ~ddition of 100 n~ cis-11-HDA to thar1 • OJ. cis- -;-u.,,;-,. - o 

.. 1)eal~ A a.nd cis-11-fD:\ could not be resolved. thE.: cn:de fc :!'.17.e extr~1c", 

10,. -,- ' ~o co1,,-m,..., cl,::s' .. " 1· te the fact that this colu.,.'71!1 had an on the /· ~J;~--..)\ =•u.• , ~ 



Plate 8.6 

100nT--,r----n-----.r----

• 
C 
0 
Q. 

• "0 

0 
u . 

ac 

Retention time (mins.) 

100r,-,----T7r---rr--------

: 
C ; 
! 
ii 

"D 

e .. 
a,: 

Peak A 

Retention time(minsJ 

Gas chrornatoP:ram of 10 female equivn.lents of a crude 
~- 0 

extract on 10/i SE-JO at 200 C (N2 =" 40 ml/min). 
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The size of peak A 

-1 he '<'\.G d 1 ,, ·· c,; an- )eha\ri.oural tests. 

tbi t peal-: A mainly • 1·eprL:.rnnted a co-

separate a series of hexadecenyl 

acet2.tes on l :) L\ 1 the 10 • 1 ··c· 1'.ff 8 , o '" ,- ·L -i.:, - ;.,f> column at 180 c and the 10f 

S~-j'O 1 o ~ co U.:T..!1 ~'-::, 200 c. 'l'he results are shmm in Table 8. 9. 

Table 8.9 1{-2 t ;:·:·1tion ti,r .. :~s of a m11--:1ber of ci· s unsatUJ.~ated hexadecenyl 
~.cct;:,_ "...es on ,~ ·1 • ' ,-;:;-~:::-:i-:::~-=:=-~=:-:;::;--_:_:::..:.:~=-:.::.::::::::::::::::::::::~~ 

Position of 

unsaturat:i..o"l 

4 

6 

7 
8 

9 
10 

11 

13 

.-,0 .. ;~Y' ano. DO;l.--DOlar stationaqr phases 

10f HI-&ff 85P on 100-120 

mesh :2lnbacel at 18o0 c 
' 

:J2 = 3.5 ml/min 

14 . .5 
18.0 

14.0 

19.4 
14.4 

15.0 

14.7 

19.8 

10i SE-30 on 100-120 

mesh Embacel at 200°c 

N2 = 40 m1/min 

1J.lt, 

12.7 
12.0 

12.6 

12.2 

12.3 

12.7 

14.1 

On the 10/ HI-~f 3:.._,p colurnn at 18o0 c it was 1i.1t possible to 

separate cis--4-, -7-, -9-, -10 and. -11- hexadecenyl acetates from 

ono ~mother. All these compounds h~~d retention times around 14-1.5 

min 2.ncl were well seuarated from cis-6-8-and -13- hexadecenyl . -- , , 

acetates which had retention times around 18-20 min. The efficiency 

of this column was approximately 2000 theoretical plates. 

Jith the e:.;,ception of cj_s-,4- and --1J-- hexadecenyl acetates, 

which ~1ad retentj_on times between 1J and 14 mins, all the other 

hex:adecenyl acetates injected onto th'.3 non polar 1.0f, S3-30 colu.IT1.n 
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:,::: co:1r;x:,,J;nts had r-etcm:Lion times similar 

,._,:'_.~, t"'lerefcre, to detect the presence of 

~is •• 11-.-::J:.. i:: ,:.::, cr--1.c·! •• ·1 J c:,1.-e extract using the technique of mass 

i'X'a.J,,l':;nto ;:c·;~:J::: co:,1oin•.::'.i ui!:.h rr.icroozonolysis on a fraction of the 

<::r'Gdc female E.rtr2.ct collected frorn a GC colwn.YJ. 8.t the expected 

retention tir:1e of ?is-11 .. -'.J_".\.. 

In the technique of mass fragrnento~raphy (discussed in Section 2.11) 

the rr.ass spectro,"1eter i::, used as a spccifi~ GC detector by focussing 

it on an ion which is ch2.racteristic of the compound concerned. 1;/hen 

the mass S!;3ctr:::>:::1eter is used in this manner, knmm compounds can be 

detected at t"le pico1;rarn 1.e·,el. 

The ma~s spP.ctri.;.--n of cis-11-:{DA. is shot-m in :F'i gure 8.2. The 

moleculc-.1· ion at m/ e 282 is not present and the pa;:ent ion at m/ e 222 

(282-60) results fro~ the loss of an acetate group. The relative 

intensi~y ~~ t~e ions at m/e 222 and 223 is characteristic of hex­

adecenyl ac-~tatcs. A further characteristic ion of the acetates is 

nrotonated acetic acid at m/ e 61. 

The mass sp~ctr:'.':;J. of ci.s, .. 11-HDA was very similar to that of any 

c16 olefin a.part from the pe;.k at m/e 61. Nass spectral analysis 

does not distinguish the double bond position in an aliphatic chain, 

however, due to the migration of the double bond upon ionization. 

The m3.ss spectrometer was focussed at m/ e 222 and cis-11-HDA 

injected onto a 1.0 m colt1.ri1n of 11, OV-101 operated isotherrn:-llly at 

10,.,0,""1 
(.)U v• 

ehrom.c-•.tog:c--aph was cou:olod to a Va.rian Hat CiI--5 mass 

spectrometer through a '.fatson-Biemann separator a.nd the retention 
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100 i_,:Lcogrn...'11s of ~j_s--11-llDA • 

~ ,: 1 U -:i.l : : :-:1..r.:;lene chJor:Lde and 1-2 p.l of th:i.s extract 

The lT'..ass 

c;:::·:~•'-'1 io:1 s ol' m/e 222 at retention times whi0h varied 

l)et·., ... -:;e:~ 2.5.-2.( r-iil::--.>. P1' 

1r1e:0 e retention. times 1·ierc consistent with 

'Ll~d. of' cis-1 l--~·, (ri~urr~ 8.J). 
_ ~ Single ion monitoring of the crude 

feuale extract injected into the GC was also carried Oilt at m/e 221 

and 22J. The relative intensities of these ions. (detected at a 

ret,Jnt:, .m time of 2.5 min) compared to that of m/e 222 were the same 

as in the mass spectrum of cis-11-rill!i... It was important to carry 

out the relative intensity measurements at m/e 221 and 223 because 

& hi[:;her alkanc with a retention time similar to that of cis-11-HDA 

could have given a group of ions at m/e 221, 222 and 223. In the 

case of the al~ane, however, there WO\lld be substantially more ion­

isation at 221 and 223 than at 222. A similar result was obtained 

wi t:i. the ::iass spe::ctrometer focussed at rr/e 61 (Figure 8.1!.). The rel­

ative intensities of the ions at m/e 60 and 62 were low as in the· 

mass spectru.""'l of cis-11-HDA. 

The 2 µ.l inject~ons of crude .female extract co,1tained O. 01 ~E 

and b:c:rnd on the response of the ion monitor to a series of cis-11-

HU.~ standards, there was about 10 n[; of an hexadecenyl acetate in 

each feViale moth. A crude extract (2 pl) of male moths (10 males/ml) 

• • t d +o the Gr,v column but no peaks at the retention time was J.DJCC e on" 

of cis-H-HDA wore observed for m/e 222 or 61. (Figures 8.J and. 8.4) 

t 118 next .step , .. .-as to do\-,e:cTr1inc 'tJ'iether the posit.ion of the 

unsc~t.urated croup in the al:i.phatic backbone 1-;ras at c11 as in cis-11-BDA. 
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oJ' _cj_s-11-ffDA arr.> pentanal , 1' -·- ~ - c ana. 1-acet .. 

Sj,,octnrn of the latter cc:upou .. '1d is shown in 

'J'h,2 rr,olecu.12.r ion at m/ e 228 i.: not 
p)~e sent . '}.:he 

parent im1 2.t L/P- 1<35 (22f3.Ji-:) is 
- the n•sult. of f>-clAaVa[!,e o:f the 

aldeL)"de ,.•r-:,u.r) (-·. P f''~ ''''·.)\ f th 
,, • ·'· • •• J.'2\J.J 1 ° e moJ.ecul~.r ion. Other ch3,rc1.ct-

eristic 

6L 

1-.i c:r·o::Jzu:1cl;-;sis 

Th~ oz.:m:ide i·,as ci.c,~rac.3d with tetracyanoethylene (:! mg). rather 

thc:.n t..riphe:1yl p~102:ohim1, •' s no interferenc9 peai-::s were obtained in 

th8 gG.s chrotr!a to I-crams wit·h ·th f ct . , e ormer cor,~;.::iuun , With 1. O i,)µ11 i::o:::.,,~ion 

of ci_~ -13 -HDA. in nethylene chle>rir~e, appr0ximate·;_y JOo/J yield of 

11 •• ac'Ctox;y,}ndec.::-n.tl -~-1s obtained. on microozonolysi~. 

the crude f0,.,.!ial(:, ex.tract ( 5 x 10 pl. c:'.: 10~:.S/ml) was injecte<i 

01:.to a lot ITT-'S.ff 83P col urrm 0 1,.:'lrated c..G ?25°c t ~.no the frac·,:,ion 

elutirif-; between L:--6 1nin wo.s tra}.':ped in a glass U-t11be at room temp­

era tu:-·~ ( the ti·a:o design was discussed in Section 5. 2h). This column 

was selected because large qu.':mti ties of co-extra.ct.eel h:;,uri ties 

were n.;tainc-d at the -.!Ollrnn in.J..et. The ,:dtcntion time of cis-11-BDA 

under th3 2.bove cond~Ltions was 4.5 min. it was ::.1::o found that 10 ng 

quantities of cis-11-HDA injec~ed onto the column ~,ould be recovered 

quai"1titatively with the trc1.pping technique used. 

n,e combined collectE:d fractions were then di 0 solved in .50 pl 

methylene chloricl0 .:-lnd ozonized. A .3 pl sample of the ozonize<l solution 

0 
• • t d t l!ll' OV-101 colu,.,m held at 160 C in a gas chromat­was J.nJec e on o 2. p 

ograph which was coup1t-xi to the mass spectrometer. The mass spectra-

.,__ ~ --i r ... ·n·le 18· c.; u'.J'.d not clet(,Ct a COr.1)'.X)Und at a. retention meL,Ol' .'!.CiCUSSe,.., <'.l, ''-I ✓ .., • 

" tl t ,. 11 ... o ,.,,,..,ct,,.c~naJ 1.··hus 11-2,cetoxy-time corresponding c,o • 1a ·, 01. -ace" x;-y ......... - o. -· 



fr:,::, t,,,3 collect.eel. GC fraction of the 

-,. .. :.., c•,, l -1-... ..__,,') .._, ___ ·-. 

(k) 

l''iclJ_ were c~,_rr.i 8d out Hi +,hin a maize c:,:op with a 

= - __ ,.:;-,: in es at.::.on o arn1yswrm mcths for the crop had been reason·~~,.1-.. - -, • f t • • f 

'-' wee,~s t:exore _e es s. sprayed ,·:it>, insecticide +,,,ro 1 • " th t t Both ci~-9, 

• .u.L corn ina ion. tran~-12-'~'u0\. and cis-11-~A were tested alon.e and .;..., b" t· 

Twc:, r:licroli tres of each che.'1lical was injected into polythene caps 

(noelofs and Co:neau, 1970) a:1d orto .,..ubber septa (Roelofs et al., 

1971b). 'i'hc caps er septa were placed in traps made from 1 pint 

pots linG<l on the insid.G with glue ( "Stikem 11 ). The traps were 

Sl~spended fro:n maize pla."1ts about 2 m abo·,re ground level and five 

replicates cf each treatment were used for 9 days in the field. 

The activity of the attractant fonnulations w::i.s compared with 

that of vir€;in ,:e,'Tl.ales which were held in groups of three L'-1 traps. 

These traps were constructed from 2 pieces of plastic pipe (6 x 10 cm 

ciia.) lir1eci. on the inside ·with 11 3tikem 11 and joined to an inner 

chamber (2 . .::, x 10 c;.n dia.). Female moths were held within this 

chcj_mber bcd:.~·reen e;auzc-, partitions and were fed w-i th 8-Y:, sucrose sol­

ution wliic-h was held in a jar containing a wick. An illustration of 

the trap is shcr.m in ~Jlate 8. 7. 

The results of the field tests are sho"lm in Table 8.10. 

, of 5 rr·1aJ.. e•s o. ~·r• JL--r·•,:.p 111as cau1-.rht. with ci_s_-11-nDA used 
1u1 cfv·e1·::t~;e - - --- -

t d this c01m,.)ared .:Zavourably with the 5 males 
alone on rubo2r· sep a, an 

:Jone of the othr~r 

1 t . f",,~ti· ve Ina'P.ed contr:u·y to expect-
attracte::.<1\:, fol'l,lU a 'J.O[lS 1,raS e •• I_,l, • • J • , 

-1- ~ 2 ,1·0 nu·r, a .. npRaY-e:l to inhibit response in the field 
c,r8I1S-J ·J- '-'· .~ :,-. - -
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I'Jate 8.7 A moth trap baited with three virgin female armyworm 
moths. 
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II 

cis, tran::,, -9, 12.-"i:J.0:1. 

II 

30 virgin females, replaced onee 

lxtspenser 

rubber septs 

polythene caps 

rubber septa 

polythene cai:,..:l 

rubber septa 

polythene caps 

Total males 
attracted 

26 

2 

0 

0 

1 

0 

152 

to cis-11-\filA.. Phenomena of this nature have been observed by other 

workers ( Garde et al. , 1.97:~; Be!'isf"rd and Brady, 1973) and have 

been discussed in Section 2.7. 

8.3 Discus3ion 

t;orm::::.lly in the identification of insect sex pheromones, insect 

nu;:'l'::ers in t~1e order Qf ten to a hu.'1dred thousand have been required. 

Rece::1t s L:adies h=1.ve sho,-,n. however, that reasonabll':l progress can be 

ma.de with fewer insect ntLiloers by carrying out simple tests on crude 

t,;.:tracts to reveal the presence or absence of functional groups 

(bierl et ~,J., 1972; heijer ~.:!:: al., 1972) and by compa.ring gas chrom­

atograph-elcctroantennogra1n data of the natura..l pheromone with that 

of synthet~c sta.'1dards (l{oelof::; et al., 1971b). 

These approaches were used in this study of the common armyworm 

sex phero1;K>ne a."ld usr.-: was also made of a combined gas chromatograph­

mass spectrometer. T}1e mass spectrometer was used as a. specific GC 

detector an,_;_ in this form it can detect lmo'.--m compcunds at the pico-

b8 en 3.n"J1icd. to insect sex phero:none studies, Obviously such methods 

are only a:p~licable in cases where the properties of the sex pheromone 
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a.re consiste~1t ,ii th a k,::oI-m co:-:'pcnli.'1rl. 

The usofuJ..ne1.,r; o.f the t0crl!'1ique was demonstra:lecl in this study 

where 8..:!)proY.i.m.at-~J.:.r :'..O ng o:o':' ~j~~-11-Jf.j,:_ was .:.uspectc-0. to be present 

in C.?.ch fe:r,ale not.h. Ti11s meant that only 0 .. 81 female equivalents 

of the cri.1d.2 c::;:trG..r_•,-1- TTas • • ' ... ,l t th 
L "• lDJ<:';CT,=-i. on o . e GC coh....,,m a.t. any one time. 

'l'he ability to dc.:ccct. extre:;io:L·u low levels o.f a ~ t ,J CC;~1lp:::'lll1Cl. llcl.S par -

icular .,_y ir-•:Jo·,..t;_c.,nt i:: -!~his s°t'.tdy be.--·.:n.we of the difficulty in rearing 

larg~ qu&ntities of femc1.-le rnot-hs. 

With the sinc:18 ion m~nito:~Lng t~:mmique,problrn-i.s did occur with 

interfercn0c pe.aks L:om C-"...! phases, solvents, etc., 8.nd (!ar::: h8.d to be 

t.s.!~en to sele.Jt and µurify suitable mater-ials to obviate this problem. 

Many sex pheromones •·:iiir!i'l the J ep:• r~optera have b.,en :.dentified as 

un8'.:!..turated a:Liptatic acetates and, in general, one or two sex 

pheromones :1.ave hee:n reported for each species. Recently, Geo·r-ga 

and ;,: :!Dor,..mgh ( :19?2) detec,J,:d seven sex. pheromones in GC frlwtions 

o.i:.' extr a~ts of l:')tb the female codJ.ing mot ht La.speyresia 1.)0monella 

&"1d the ~ ebra c2 terpilla.r I Cerami ca pi eta. All the pheromones induced 

copulatory activit-y :i.n males. A multiple pheromone syster,;, a:;.so 

appe~..:.red to be used "uy the female annyworm rr.c,+.h, ior a m:unber of GC 

fractions from the one column induced both copulatory and flight 

responses in male mc+i1s. 

The armywo:rrn moi.n belongs to thu sub.::..1111ily Hac.s.nina.e and Hoelofs 

and Comeau' (19?1) discoPcred that cis-11-~HDA attracted five species 

of moths in this subfamily. It was not altogether surprising, there­

fore, to find that the same compound induced copuh:.tory activity in 

male P.seoP'l'.'a.ta. moths in laboratory bioassays. F\;_rthe:;:more, S:,_is-11-__ __,._ __ _ 
HOA attracted. ma.le arrnyworm moths in the field but it was not. as 

effectiv?- a.s virgin females. 

Of the ten hexadecenyl acetates available for laboratory .screening 

1 • 11 ·m~ induced strong :Sti.G responses in m.9le purpor,es I on. y cJ_s-. -:,."' 



good ch~nce, therefore, 

that this cc,:·,,.:~-:; t•.:.1d ws..s ;:i:r·o ~x,1.bly one of the natural pheromones used 

by· t.ne f~-.:.:-n.Dl~: r;c)t .. ~1. ·TJ1c· ). "r\ • .! • -,l • t 
• 0 .u 1.. GJ.ct expc:::-J.m.en E- using the single ion 

moni torin;:~ techni0ue c,:---nfi:uncd -~he presence of ~-11 hexadecenyl acetate 

in a Cr'J.de ·:e·r.ale 9Xtr:a<.ct. Subsequcmtly ozono.L:rsis of a GC fraction 

of the crt1c 'e extra.c~ w:-.s carried out in an attempt to deter-

mj:1e the n_,~siti.oi:. ·,.1f the ·,"1s,1turate.' o·-o "l ·, ai· • , • __ t:,-l up ,,_ on6 ... ne 1.p11ac1.c 

b;::i.cJ,t:Jvi!e. The ozonolysi_s pre,ciucT, r_;f c:i.f,.,11-HDA i:::: 11-a.cetox;yundecanal 

and no evide::ic -3 w~s fotmd for the pi'c';8nce of this compound. The 

failure of -Lhis exper.imc,t may have been a.ssocia.ted with t!'l.e impur-

i-1:.ies in the ~ollect,:d GC fraction which could ha.\.a interf<:)red with 

the riri.c:-:-oo:;:.onolysis techn::.1, ... e. _\l.i the evidence prior to the ozonolysis 

ex,·~Jriment ::u~gestad that one of the sex pheromone comnonents wat· 

cis-11-lll)A. On ti1e ~1c.:: is o-1: the ::.zonolysis result, however, it appearr. 

that cis-1 i-BJ)/,. m;::.y Y1ct be a natural sex pheromone but a "pa1·apheromone 11 • 

Th•:i hi:.:-:adecer .. ;rJ acetates which were not a.vaila.ble fer screening 

iucluded: 3-, .5-, 12 .. , Vi--, and 15- hexa.decenyl ac3tatt"~s. Perhaps 

one of these wi l~• prove to be one of the natural sex pheromcnes. 

R.4 Conclu.,i.ons 

The fc:nale arrnywonn moth was sho,m to produce a sex pheromone 

~bout 5-6 days after final ecdysis. Likewise :0«1.lc moths did nc,t 

respond to the phero .. ione until they were at least .5-6 days old. 

Functional grot•:, tests on crude f ema.le extracts, together with 

the beha11iour of thf' sex pheromone in thin layer r ... c1d gas chromat-

t • f of the sex pheromone ography, indicated. tl--ia.t the :rroper J.es o one _ 

components •rnre corn:,:.stent ·with those-. of ci~-11-hexa.decenyl acetate. 

· t 1- ~ carr1· e':4 cut with a series of dodecenyl, EleGtro;:mten~·logram es·vs ,-rnr e ~• 

tetradec.8'."lyl, and hexadecenyl acetates and o:ily cis-11-hexadecenyl 

acetate induced strong antennal responses in male moths. Significant 



224 

ant8r..::1al r2spcu::.;·:cs were not 1.· 11ctuced 1• l1 female antennae w.i..th ::m--::,r 

of tho acet::i. tes , hm-rever. 

In ~rm lr,J:cir-'lt.or_y bstiavioural studies with the standards only 

cis-?-elodEe0n'r-l !)Ac.t"+"' ci~· 9 ~- '? t t ' ,. -=-- .-,-- ,J-'· '·-~~- c.,.,,'--, _;,.:.,'::.- , ... rans-1,- e rauecao.J..enyl acetate, 

cis.J.i--, ci5..--~3-- z'-:1d 9i~-:l.:l.--hexa.decenyl acetates induced copulatory 

a::tiv:Li.r i11 r:·_,s_"j_,-,.s. Tnt•w;c•-"' al t· ·t . cl ed • 'h '"" - - , •• , • .-,0 ,:,e)';:uc ac i vi y was in uc . w1.·~, nano gram 

quantities of t~ie .tattr:Jr compound. 

The tecrll1ique of rn.8.ss .fragmentography was used in an attempt 

to .:-onfinn thP preser1ce of cis-11-hexadecer.1yl acetate in female moths 

at a level of aoout :10 rig p3r insect. Females did not appe;ar to 

contain this compou.vi,1 , homwer. A number of' ... "ra.ctions collected froin 

dii.ferent GG colur:1.ns ind1;.0ed. both copu..hi tory activity and fl:i.ght 

res:oonses. It appears, t~1erefo.::-e, that t.11e female :lSes a multiple 

comp:mer-1-, pheromc111e 1:;ystem. 

1-:ales were attracted to cis.~11-hexadecenyl aceu•.te in the field. 

Large nu.nbers of motr.s were not caught in the traps, however. ~1hen 

cis-11-hexadecenyl ae;etate was combined with c½.-9, t:::·ani::-12-tetra.­

decad:'Lenyl a.cetate and 1;,sed in field traps, the latter- compound 

acted as an inh.i.bi to1·. 1'his combination of acet8.tc.-s had pre-:iou6ly 

been shm,m to stimulate copulatory attempts in males in laboratory 

behavioural tests. 



,;;car::,>;::,c:i.Jj e:) 1 is s hcr,r:1 to contain a chemical sex 

and the ..._-r'.L. cl'i... ··1,1-,e s • t ' a , A< 1J11eromone W[tS ex rac-c.ed. by sur.face rinsing 

female 2.t:do:'1j_nal tips ,-d.th d.ieU-~yl ether ard the various conce..YJ.tration 

steos were mo:1.itored with a simple laooratory bioassay based on ma.le 

copulatory at tcr,1pts w~ th treated !)araf'fin du.rrinies. The sex pheromone 

was isolated by high vacu: . .un distillation of the ethereal extract 

followed by gas liqui.6 chromatography. Identification of phenol as 

the a('tive component mrn deduced by the properties 1:;x.hibited in funct­

ional group tests, thin layer, paper,and gas chromatography. The 

structure was confirmed by high resolution mass s:oectro01etry. 

The phenol content of virgin female beetles vPried with age 

and reached a r.1axirnu::1 of 1.5 p.g per female at 8-10 days after final 

ecdysis. Phenol .9.pplied to durri_'Ilies at O .1, 1. 0, and 10. 0 p.g respect­

ively, stimulated copulatory activity in males. Ph~nol released at 

low rates in the field attracted male beetles in mating flights from 

distances of 10-30 m. 

The elcctroantennogra.."rl was used. to compare the activity of 

phenol uith cJ.osely related phenols. These compounds had no masking 

effect on the antennal response. A comparison in activity between 

phenol and a crude fe,•iale extract, indicated pheL1ol as the sole 

pheromone. 

th ',._1.c·ti· .. , 1• ty O.L.r• ·t-.h .. ~ , __ )heromonG under field conditions. ~r 0 d to cxtsld .e . • - • po...;. 

-.1..· ,,..,_ PV~ tt,he retained its D.ctivi ty for the duration 
Phenol enc~ !,3 nla tcd " ~ . i., ,_ 

225 
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of th2 0eetle fli~!ds of J-4 week~. -- Continuous phenol wick traps 

5-10 tic-r,c.: lr,3s effecti v,~ than Durez 12687 paste. 

'i':~e f::1.ct -t:--,a:i:, phenol is cheap P..nd readily a·-railable provided 

a uniciue 0·0 ~:),,+ ••• , ... ,_ + "rl t -'- · . Py ~ • "'- '"· , . .,, .o cv,, ____ u_;-,, e dri.s pheromone for grass grub 

con tral. :'ield trials b-,sed on mass trapping and male confusion 

m~thacl.s :-:i th r,eo L.le populations ra..riging from 50-150 beetles per 

square metre- ind.icated. th~.t phenol was of little u.se as a direct 

behavioural agGnt for grass grub control. In the former method over 

a qua::.~ter of a million mo.le beetles were trapped but, 2.s the attract­

ant did not successfully compete with fe.--nales in the natural population, 

thes8 n-..... 11bers were insufficient to reduce the resultant larval popul­

ation. In the later method, male flight b~haviour over the 0.25 ha 

areas was disoriented by releasing phenol a.t 28 g/h but effective 

mating was not prevented, presumably due to the high density of beetles 

present which enabled males to locate fenales either by sight at sb<"'irt 

range or simply cha.."lCE: • 

.3ex pherorr.one studies were also carried out with the 2.rmyworm 

ro1oth, Pseudaletia se-oarata ,a.---id intense sexual exciternent was induced. 

in males in laboratory bioassays with female extracts. Female moths 

did not produce the sex phero:-:1one until about 5-6 days after final 

, · an---1 r,1..,les needed to be about 5-6 days old b0fore they gave the eco.ysis ..... .,_ 

full sexual res}X)nse. 

Fnnctional group tests indicated the sex pheromone to be an 

_, 1 · 1 , • acetate and t'ne pr·operties of the sex pheromone unsa tura teJ. a i:011a .:..1.c - -

d Chror,, a~v-of!raph-~ ,.-e-r,-~ similar to those of cis-11-in thin layer 8.n gas ., , '"" iy "'-"".., 

Thirt-y One unsaturated acetates with an aliphatic 
hexacbcenyl acetate. 

c),::;.in J.c,:r':.h of 1?, 14 and 16 carbons were tested for laboratory sex 

, r: stroniz_ ~:A.G responses were only 
stLnulatory ac-ti ·vi ty and L,\.cJ res]_X)nses • ., 

j - t' , 1', ,_ -va-1•,.,cr::•nrl ~ce~·ate. In the laborator-y behavioural 
olY~~-ij_ne _ "'rTJ_ n _s:~~_2- ~--uej .. - ..i..•.=.., ,,;::.~.J 0 • v.-_ 



227 

ates. 

acetate -;,wr~; field. -~csted. b • .lc:~(➔ and -_n combination. The former compound 

~-rhen t~::·t-::d by it.'.--.:.:-,1f, ::-... ttr9.ci:.ix3 me1.le rno~"1s intc, traps but, contrary 

to exµect;:i.U.on:::;, I"c:, ':,h rcsponst£:, w2ts j_;_fru.,bited when Lhe latter compound 

Usin[~ the tcch'1:i.q1~e of mass fragmentot :~a.phy in which a mass 

spectro:.:eter acts '"s a <=::pe"ii'ic i::; c>tecto:r, it was possible to detect 

100 PG of cis-~11--:1exadecenyl acetate. 'rhis compound w2.~ not 0etecte-l 

in 13xtractr. of fe,r,cilc r,~:Jth:;:, however. The ferllF.le armyworm moth ~.ppea.rs 

to uu: a ;:-.,ul -t.ipl,:1 '..!Or.i ')<'")nent pheromone system. 
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APPI!:~'JDIX I 

Leuidopterous sex pr.erom.ones found by cl;i.ssical tech.'1iq_ues 

Compo11..>1d 

_£is-7-doclecenyl acetate 

trans-7-dodecenyl acetate 

cis-8-d.odecenyl e,ceta. te 

cis-9-dod.ecenyl e,ceta te 

cis-9-tetradecenyl acetate 

II 

cis-9, tr:ms-12-tetradecadienyl aceta+,e 
II 

11 

11 

cis-11-tetradecen.yl acetate 

Insect 

Trichoul·1sic1. ni 
cabhage loopermoth 

Argyrouloce leucotreta 
false codling moth 

Graoholitha molesta 
oriental fruit moth 

Paralobesia vi tea.'1a 
grape berry 1~oth 

Sno 1•)ptera. erj.dania 
southern arrnywonn moth 

Adoxouhyses orana 
summer irui t-tortrix moth 

s.eridana 

Plodia interounctella 
Ynd i.e n meal rnotli 
Ccidra ca.utella 
aL,1ond 1110th 

Enhestia kuehniella 
1-iedi terranean flo11:c moth 

Argyrotaenia velutinana 
redbanded. leafroller moth 

Reference 

~~-7a (ln~~) ~C~b~r ;v- • 

Rea.d et al., ( 1968). 

.. , l f' .L ~ ,:--coe~o ... s ~~ a.1., (1969). 

Roelofs et al., (1971b) 

Jacobson et al., (19?0a) 

Ve~J·er e+ al (19'"'2' .Ll _1,,. ~ ~ _._.' ( /A 

Jacobson et al., ( l970a) 

( .,..,, .... -r -~ -~·, (1Cl'7'' )' .o:r avJ e I., c;_.,_ • ' ; j J. Q 
(·,_, .,-- ,:;- r·~•71) LJC:tr:.r~ ~ §:-::,. , , i 1··: 

.Kuwa'nra ~t a~., ( 1971a) 

;:.;_..,,.dy ,-t .,, (10~,1::i) 
LJJ. C:\. ;::__ ~. ' • ,, ; ... ,:... • 

Roelvf s a..--1d Arn (l 968). 

N 

t 



A-0-08:r..dix I ----------- co!ltinued. 
Corn-:101J_ncl 

cis-11-tctradeccnyl acetate 

II 

n 

~ 1 " • '2 h d di 1 1 l,rans-,.v, CJ.2_-.L - .exa eca en- -o 

undecanal 

cis-5-d8cenyl-2-meth.yl butanoate 

cis-7,8 epoxy-2-metbyl octadecane -- - • 

2-met.tw lheptadecar1e 

2-cis ,6-tra.ns-7-methyl-)-propyl-
2, 6-decadien-1-ol 

Insect 

Choristoneura rosaceanna 
obliquebanded leafroller moth 

Ostrinia nubilalis 
E'urope.:1.n corn beirer moth 

A.orana 

Bombyx 111ori 
si:'Lhrnrm moth 

Galleria1mellonella 
gre~ter wax moth 

Nudaurelia cythera c;vthera 
pine emperor !lloth 

Porthetria 9-is~ (L. ) , 
gypsy moth 

Holornelin2. aara.ntiaca (Hbn.) 
complex, 
various tiger moths 

~,aspcy·r-esia gomonella (L. ) 
codling mo t:-i_ 

Reference 

Roelofs .:=i.:1d Tette (1970) 

la 1Jll and ...-'. rindl ey ( 197 O ) 

iV " ' 1 - (1072' r,eiJcr e,, cu .. , , ; 

T)u.:. - -.,-:,,y'>(.,-t. (":ii. '"11 (10~9\ 
D vl' 1 1·..:!..LJ..,.v .:::'. .. ~ ~•, .>../.,.,,t ) 

Roller et ~l., (1968) 

nenderson et 2.l., (197.3). 

nierl et ~1., (1970). 

Roelofs and Garde (1971). 

1foDonough et. al. , ( 1972). 
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