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GHA.PAER_l.. 

I NT R 0 D UC_T']: 0 N. 

!he subject ot this thesis is an ·indigenous· 

Lepidopteran_ species Euproctis termintlis, Walk, which has for . ' 

some years shown up as a serious pest of exotic pines in 

. ·South Africa;· ·zn 1929 it 1fas reported that an unknown 

insect ha,s completely defoliated approximately 60 acr.es or·. 

Pil'lus. J2atula. lchl. et Cham. and Pinus l,eicmh.yllg, Schl. 
' ' 

·et Cham •. 1n. planta.tions of the Department of Forestry at . -

Jessie-fale .1n the Eastern ·Transvaal. Upon 1mrest1gat1on, 

it was found that the insect responsible tor· the dalllage was 

the Lymantriad, E. -terminalis. ·There was no record which . 

would .suggest that this insect was ot.the.slightest economic 

.importance 1.n its natural habitat. Once it mid .adapted 

1tselt to feeding on'pines, it aipparently coUld become a 

very serious pest. To the family Ltmantriadae belong 

some ot the· most ser.ious .tor est pests in. the world. 

!he Species §uproc.t!s wrssprhoea L. (1ftgm1a. phatho·ea Don.) Lo 
and .Lymangia dispar. lot. are very serious. pests in pines 

in EUTope and America., while in the last mentioned country 

another species ot major economic importance., Lxmantria 

monachg. L. ,, occurs· 

Dtn'ing 1930, the .infestation ot E. ·. term1nal1s a:t 

Jess1evale .reomored, and on .a, much larger scale; 35'0 acres 

of pilte being. ~completely de.toliated. ··In the same year a 

.. severe outbreak ot the pest occUI'red .in pine plantations at 

Barrismith in the Eastern Orange Free State, where .100 acres 

ot trees were defoliated. A. gr:eat number ot trees 1n the 

last mentioned area were so weakened by the attack, that 

they tailed to stt'l'."Vive the summer drought ~ot 1930. 

Since then, outbreaks have pel".iodically been re• 

ported ':rrom vari·ous pine plantations situated in the 

·Eastern portions ot South Africa,. some of these 'being 

. extensive/ ••••••••••• 
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extensive, while others vere of limited scope .• Only in tne! 

Jess1evale plarits.ttons, whore th1s past was t!rst discovered 

· attacking pines, however, bas severe infestation remained as 

a permanent ende.mie feature. In all ot.hsr areas the :1n:1t1al 

outbreaks a.ppear to h~ve been controlled by natural factors, 

since there has been no recurrene·e or striking infestation. 

During .the yeg,rs 1932 to 193f.t., th.~ amount of' damage 

brought about by l• 1erm1oat1§ at Jessievale, decreased con­

siderably, but by 1935 the infestation commenced expand1.ng 

; ra.pidly. By 1931+ no less than 2, 000 acres carrie!! such 

lleavy larval populations, that a very real threat existed 

or complete deto11ation or all trees ot too susceptible ~pe• 

c1es in the area. 

At this stage it appeared that i:mmetliate and draa• 

tic steps would have to be taken to control. the pest if the 

plantations were to be saved, and chemical. control was. the 

only answer. Calcium arsenate, the cheapest and most pro­

mising insecticide available at the time, was applled. to the 

plantations by aircraft, a.s a dust, with the excellent·re• 

sults reported by Tooke (1938). Subsequently ea.leium: arse­

nate applications were persevered with, using land-based 

appara.tus to eff~u:~t treatment, but owing to the 41tt!eult 

terrain, and constantly mounting cost, the policy of attemp­

ting to control the insect by chemical means, had perforce 

to be abandoned. 

In general lt is most !nadvisabla to practice the 

general application or 1nsect1c1des, es.pecially the mo4ern 

contact po1so.ns which hit the para.s.1te populations e.s readily 

as thoy do tha host insect, without prior and eomprebensive 

understanding ot the whole biological background· of an insect 

problem. In manY' cases it has been round that a:fter contact 

poisons have been appliedt the parasite complex recovers 

.. much more slowly than the host insect and more severe out .. 

breaks occur¢ if the ins~cticidal applications cd:e not 

continued indefinitely/, •• 

~ 
f 

t 

J 

I 



continued. !tdeftnltel;v. ltt the case of plol'ltattos, where 

aaor 7_.s amat. _ ~pse be!ore tolltq i.e possible, the cost 

or repeated ·appl1cat1ona ot tu:actt.c14a aeon becomes ~ll· 

bittve~-

7 

to improve tb• ettloiency o' b1ol.og1ool eontrol at 

·leuleftle, the ~et:hintd. peasite GSBIRI~RI .. St9Diilmlb Me11•:• 
·which attackS lfmatttrintt specloe !n Bllrop• and. America., was 

- tnf:r,oducea-tftto South ~iea- duriftr l9lf2. !bat: thts pa?a• 

•tte :baS ad'Q!)te4 ttnlt to local comt1t1ons, ts ptt~e4 br 
. . . 

tbo tact that the W.l'ltor has recoverad 1t ()ft ~ occa• 

s!ons subsequent· to 19SO ·.t:rcm the I'$Ss1Gva1e atld other plan-

tations. HoVfWer, 1t 1s ol:ear that the srttrc4uct1on of tb!e 

Yech1nid taas m~ .batt_ the 4es1re4 ottoct .. u, Jlrm&rllt,y oon­

tuuas to reach epHemtc proportions at J'•estevrale. 

lt thla otaae 1~ vas decl«et to oan7 out a tb~ 

et~ ot the Monom.tcs ot ,J.- .laaia~J.u• tho rnUlts ct 

tbts studS' •• g1vea 1n thls thesis -anil tho following 

8SpEICt8 art dealt· wJ.tb t• 

A 4eta1le4 J!l01'pholog1cal cte .. lptlcll (Jt the adult 

lmtraRl&a ~~' .and ot all its :t.mma:tur'e stases t.rom 
egg to pupa. ·fhe ·kt!ovft d1str1button .ot th• etyoo!ee, and 

'bF meaDs of' an, analysis ot the climate of these loeal1tt.os, 
. e 
the del~tloa at the probabl' 4!stl'ibut1-0n .-ea irl SOutb 

Atrtoa. A 4etta11G4 studY ot. the lite. h18t07.7 and habit$ 

at the· 11lsect, as. well as ot ·itt host plants, bOtb lntlllenou 

plants on Westaticn 1n oonttauous plantettou. · l&&ess• 

ment ot thfJ 4ef,ree, ot larval Westatlon in the plantat1oa . . 

b7 a ~ua,/, ••••••• 



by a study of needle e.nd faecal pellet drop counts; ana study 

ot the factors influencing population dens1 ty of t.h.e insect, 

including food supplies, fungal and insect para.s1 tes, The 

descr1ption and life history of the most 1mporta.nt species 

of parasites atteeting the egg, larval and pupal stages• A 

· . study of the effect of elimo.te on these controlling fa.ctors ... 

F1na11;, 1n order to be prepared tor the cont.i,.gency at any 

time in the future to control j. termiMli§. 1n plantations 

by chemical means, a series. or tests were oar:rled ou.t by the 

writer to determine which or the· modern insecticides would 

be most effective. These experiments ·bring up to date the 

. wol""k done by Pettr (1.948>, who evaluated the insecticides 

available for testing at that time for the control ot this 

species, 

fL.LSJ.-B .... I IL.U :l I 0 N. 
There is. a natural tenCJ.ency for any insect spec1os 

to spread over as wide an area as pos.s1ble. .From the regions 

wbere opt1mum. conditions ror its existence are to be found,1t 

will normally extend into the marginal zones·, beyond which it . 

cannot survive owing to environmental resistance. 

or the various factors which togeth~r constitute 

environmental ~esistanee and prevent the wider spread of 

an insect species, undoubtedly the most important are precipi­

tation and temper.ature (Uvarov 1931 ). 

As E.• 'et._xg1na11s 1s an indigenous insect, it may 

safely be assumed tb.at the species is already a.s widely 

spread in t.he Union as the limiting tactors will permit. 

ro establish its distribution area, ·records or localities 

trom which th1s species has been collected were obtained 

from the British Museum, the s.A. museum, the transvaal 

museum/., ••• 
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museum, the Albany museum, the Natal museum and the eolleetion 

of the D1v1sio.n or Entomology, Pretoria. Tbese loea.litie.s 

are listed balow, the eolleator•s name, when available., being 

given 1.n pa.renthes1s in Etaeh ease. .It is of interest to note 

that the spee.ies is not ns yet represented 1n the insect coi•. 

lect1on$ of the Museums 1n southern Rhodesia and Mozambique. 

m£N1f~,ALa-

Barberton {Randall). 

Belfast (F.o.c. Tooke). 

Ceylon (J.H. Groblerh 

Chilovane (? TVl. MUs.) 

Berlin (J.R. Grobler). Coetzeastroom (J .• H •. Grobler). 

Bulttontein .(J.H. Grobler}. Driekop : P11gr1msreat 
, (J.H. Grobler). 

Blandshoek ('t Tvl. MUseum) Malto s Puntberg (van Son) •. 

Entabeni (F •. G .. C. Tooke). P1et Retier (E.E. Plat). 

Hs.e.ner§!;burg (Jansa). · · Spittkop : Sabie (F .. n.o. Tooke). 

Ifendriksdal (J.B.. Grobler) Tweetonte1n t Sab1e (J.H •. Groblel 

Jessieva.le (F. a.c. fooke) Witklip : White River (J .. H. 
· Grobler). 

Makubalaan (3. B. Grobler) · Wood bUsh (Jarise. ) 

OBA~F: lBEE_STAli:• 
' 

Harrismith (F.G.C~ Tooke) Mons t Memel (J.H. Groblur) 

JiATA:Lt• 

Durban (Leigh) Karkloof (Leigh. l.fa.rshall). 

Eshowe ( E,L. Clark) Krantzkop (? Ivatel Museum). 

Estcourt (? Natal ltts.) Natal National. Park 
(J". G. Ogj.vie). 

Giants Castle (? tvl. Mus.) Wartburg (? i'Vl. Mus.) 

Greytown (J,.If. Grobler). We:ta (J.E •. Grobler) 

CAP£! PRO!{IT-:C:El:-

Bashi River (Bowker) 

East London (Clark) 

George (B.\'1. Dumbleton) 

Grahat.1stown ( o. Hampson) 

Inziswa (F~G.c. Tooke) 

Kow1e River (Irwing) 

Knysna. (R. L:1.ghtfoot) 

t1bod1 (? nr. MuseUm). 

Hvenyana (J * R. Orobler). 

Ngqeleni ( H.H. swinny) 

Port Elizabeth (Clark) 

Port St. J.ohns (H.H. Swiney). 

Stutterheim (Clark) 

Transkef. (Barrat ). 

In fi§. 1/ •.... 
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ID tipre 1 ~ .. looa11tS..s •••. -.a Jl-tHt~·-· 
• . • . ~~.t ' 

a •P ot S«ttb · Abica. 
oLit. . . 

species ia 41at.r1buted through, tbe zas-..ra aD4 South latMI'Jl . . , , 

aOMa ot 'be l1Di4Ml, vber• pN01P1'•'1oa 11 hS.gbla-.· ',_);'~>/ 
' 

!emperatures PN•a111nc 1n tbe kaowa 411ttt1Mt~S.. 

area ot l• terld.ral!l are cenerall.J enaOUDwNd 111 ~-· Ul 

a4~o1n1Jl& region. in which this speci•s bas not b1tbtn• Men 

!be •1D tactor 111\1tlng the v1u apnacl of ,., . 

speciea in S.A .. w®ld thus appar•ntly no" be teJ~pentue· u 
aucb, but bumidity (rainfall). 

DISTRIBUTION OF 

Euproctis terminalis. 

Mop showinq locality 

of distribution. 

0 

('> 

tn 
}> 

z 

UNIE VAN SUID·AFHIKA 
UNION OF SOUTH AFHICA 

,.,. ____ , 
l l 

. ,, 
--------------

,., 

I N Ill t rJ 

rtnn 1. 

' \ I 
I 
I , 

I ,, 

Xnown distribution ot I• bEJilnel 11, Walk., and proM'ble 

weaten l.illit or distribution. 

!be S.A. W.atber Bueau has p7odueed a •P shov1n, 

t~ d1atr1but1on ot rainfall in the Union, and the 4eta11a 

reflected / ••••• 

r· 
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reflected 111 Figure 2 have been obtained trom this source. 

Untortunat·ely there is no of'f'icial chart reflecting the 

average relative humidity of' the air of' South Africa. The 

details 1n this reppect, reflected in f"igure 3, have been 

plotted by the writer using figures contained 1n the Annua.l 

Reports. or the ~out~ Atr~can Weather Btn'eau. 

Uhen the dis.tribution chart ot E. terminal;is is 

superimposed on tigure 3., tt· is clearly apparent that there is 

a close correlation with the precipitation. or the 46 

loca~it1es trom which the insect is recorded, practically 

a.ll tall 1n the zone with a precipitation ot 762 m.m. or 

more per annum. By superimposing tigure 1 on figures 2 

and 3, .it will be noted that the tew exceptions .tall in 

areas where the average .rela .. t1ve hum1<11ty of' the air equals 

or exceeds 72%. 
It therefore seems that E, terminalis can exist only 

in areas ·where tha aer.age relatiV·e humidity o.f the air (or 

the rainfall) reaches or exceeds the abovementioned critical 

levels. It is interesting, however, that the species has 

not been collected t-rom the South-Western Cape Province, 

where rainta.ll (humidity) ·exceeds the critical lev'el. It 

is hardly likely that this species would have been missed 

by collectors, .since the South-Western Cape Province, and 

it~ fauna~ has been closely stu.d1ed tor a very long period. 

It is thus clear tha.t other limiting factors .must prevent 

its survival in this area. 

In A:ttstralia, the distributiod o:r the nluce-rn Flea~ ., 

(Sm.ytl)urus y.irid,es Linn) is very closely correlated with 

precipi~ation, - ot lf-9 locality records tor the species, only 

2 tall in an area with an annual raintal.l o:r less than 15" p.a. 

(Holdaway 1929). 

In order to/ ••••••••• 
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In ordtll' to underttand the absence of 1. tnipalls 

in the Westel'n Province, cl-tOIJ'apha were prepared 

(a) of the Stellenbotch, .Tonkerthoek 8ll4 Blc1n areas, a re­

presentat1'fa ot the South-llettern Cape ,:rOYinca where 1. tc­

•1n•11s 11 not found, detpite appa:rentl.T auitable condition• 

ot h.tdi$7 (:ra1nf'all) and 

(b) ot Xn7sllll, Stutte:rhe!a, Weza, Cedara, Jeaa1nale and 

Plleriurest areas, 6 local1t1ea selected at rando• troa 

South to Jrortb 1n the know d1ttr1but1on area ot the species. 

(Pie. 4). 

STEU£NBOSCH 
KHYSNA CEDARA 

~· '. 
SlUTTERI4:1M 

.~'· 

licwa 4. 

Climatoa:raphl ot !'a1ntall •ad t.-pcratura 1n and out ot 

the lmova B. t1EJ11pal11 d1atr1bttt1onal area. 

1b laborator7 tests on I. ttta1n•l1s (Chapter V) 1t 

vas found that relatively low hu.id1t1 .. are not necessarilY 

lethal to the insect, pr0\'1ded the taperatures are 

low as vall, but U the ta.perature 1a increased 

and hua1d1ty r-1ns low, the 1naect peruhN 1n all caaes. 

Ir the 11a1t1nc/ •••••••• 
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It the l1m1t1.ng effect ot rela,t!vely low humidity eombined 

wit}l high. temperature is borne in mind when studying the eli• 
• 

ma.tograpbs 1n figure 1+7 .1t can readily be explained wby I• ter'• 
\ 

!!Jin~11§. cannct exist in the Sout.h•\"lestorn Cape Province. 

~he south-~!ester,n Cape Province b.as its rainfall 

during .the winter montns, . when temperatures drop to tbeir 

lowest levels; during the summer months 'when temperatures 

are bigbest, ttun.·~ 1s very l:i ttle precipi·ta:t!on and humidity 

is at its lowest leve'l• 

Sll!dl-11\, the reverse is t·he case • rain fall.s in swnnJ9r when 

temperatures reach their highest levels, while the meagre 

preeip1tatiot), of the winter months 1s accompanied by low 

te~i;>eratu:re s • 

In figuro lt a 11nCS~ has been drawn,. wb1Ch :represents 

tho probable limit to the west ot the distribution area of 

i•. ,term1.nal&s. Enclosed by it are areas where the .average 

,relative humidity ot the ,air 1s 72~ and higher, and those, 

where the armnal rainfall reaches or exceeds 762 m.m~ The 

areas or winter rainfall to the South, where maximum tam• 

peraturas occur when humidity is lowest, nave, ho~1ever, been 

excludect. The boundary cottld be expected to tluctuato some-

-what, sinc:G ·weather conditions vary .trom year to year. 

Up to the present there is no evidence to show 

tba.t lh H:t,;mi.QAl'ti occurs ·beyond the boundaries ot tile Union 

of' South Africa. However, should therG be other regions, 

e.g •. in Swaziland and Mo.eamb1qua, where t~ above mentioned 

climatic cond.itlons exist, collectors w1ll. without doubt, 

revoal its presence there in the future.'. 

CtiAPTER :tl:I.-/ •.,. • 



,CfiAJ!TER III • 

I .. H E . M 0 T H. 

1. RELATI014Sff.IP AND PUBLISHED DRSCRIPTION 

~tmro,ptis. ,term1nal1§, is a. Lep1dopteron belonging to the · fa• 

mily trmnntriadaG. 

The genus lsunr,qet.-~s was dese~ibed by IMbner (1819) 

using fiomM;x ~b£Ysorr:hoe.i as the genotype. 

1!he .following, although brie~, 1s t.he tull German 

description as .given by ntm. 
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·~· 

"Rie~.FJ,qgel .uh: JU{nrsam :tmzeipbm.t;. ,)?e1 

iltJ:i~upg de£ fl,tt',r· .... rltb!«"•' L /J. 

Tna specie5 ~,ermtgali.S was described thirty six 

years later 1n Latin by· Walker (18~5'). 

~he tollow!ng is his tUll. description:-

"~§it .. l!i:tlf.Qe ,aurnntiaeas. itilRi tea,.tg,co1; 
. ~:>"" 

!Jjtepnn.e, . r!!111.1S fuscJ,tl!J, pec.tU§~ .• ~21.t<fseum; . 
. . \-;;;.. 

, fha specimen was collected by Dr. Kraus at Port 

Natal (Durban). 

In 190.5 Hampson published keys to the genera and 

.speeies ot the tymantr1o.da.·e occur1ng 1n Sout.h. Africa, the 

one de.al.ing with ;§ysroc,t!§ containing only thirteen species • 

. In 1915' ,Jansa published a new key to the genera 

and species of south African tymant~1adae, and in this he 

noted sev.enteen EuQt,oe~_!a spGc1es .• 

The following is Janse•s description of the genus 

itmrop,tta, in which be used i• tf!seiat;& as the genotype. 

*'EuRroetia Httbn. 

· Male: Proboscis absent or very rudimentary; 

pal.pi porrect, just reaching frons; first joint eon1eal 

w:t.tll the point curved upwards, nearly 2 times longer than 

thick; second joint eylinc:lr1cal, as thick as f1rst Joint, 

but 3 times longer than thick; third. joint a. little 



16 

shorter than first joint, ·thin and bluntly pointed, hidden 

in hair; all joint witb a little hair above and much Ions 

hair on under side (in female the palpi are a little ascending; 

second joint longer and thinner, about 3 times first joint; 

third joint as long as ~ second joint and thinner; the 

whole polpus less hairy); eyes rather large, over width 

ot frons, rounded; trons rounded and with short hair; 

antennae nearly ~ or eostn (in female only t ot costa), 

curved, bipectinate; in male the pecten are 6 to 8 times 

shaft, ending in a long bristle; in temale only 3 times 

shntt; vertex and thorax covered with JJ:toderately long hair; 
/ . 

abdomen longer than hind wings covered dorsally with short 

hairs and ventrally longer hairs, ending in a long hairy tutt 

in male and becoming truncate in female; on dorsum a tutt 

of halr on t1rst and second segments1 legs very hairy on re­
mora, tibiae, and tars!; forelegs with a procesa as long 

or a little longer than tibiae, curved somewhat like a S ter­

minally, and po1ntedJ in female a little shorter and thicker; 

mid tibiae with 2 ·spurs1 hind tibiae with ~ spurs. ,..- -~-... 
-:::;:~~~~~~~(9) ~ • .cs> 

Rrc7l 

nun. 

I 

~..----·-· _.!''''' __ _ 
E1gm s~ 

Fore and hind wing ot l• termtnal1a. 
Porewing/ •••• 
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Forewing long, (figure $) sub-triangular; eost.a 

and outer margin somewhat rounded; inner margin well roun­

ded; apex and tornus roundedJ lb simple at base; 2 trom 

beyond -~ lower medlant 3 from well bef-ore anglei ,. and. 7 

f!"om lower med1a.nJ 6 _ from just beyond upper angle; stalk 

Of 'it 8, 9, 10 from upper angle; 7 from beyond i ot 8; 9 

from l ot 8; 10 from _i ot vein 8; 11 fttom ~ upper mecU.an; -

12 somewhat parallel to upper median~ Hind 'Wing tri!J.ngu• 

lar; costa, outer and inner margin somewhat rounded; la. 

long, straight; lb nearly straight; 2 from ~ lower median; 

3 and 4- on a. short sta.lk from lower angle; 5 trom above 

this a~gle;- 6 ana·?_ on a· stalk ott ot ·vein 6 and. from uppar· 

· angleJ 8 bent to beyond-~ upper median, where that vein is 
' . 

angled ·upwards, so as 4ust to touch it, but not anastomosing_ 

w1th 1t, then curved e.t end•1• · 

Unde·r the ehort deaeription ot ,l\m~oc£1:1 lfttminatls, 

.J'anse states as followsc• 

"In this species the pa.lp1 have the second joint 

only 2 times as long as the first Joint ancl tbo process 1s 

more slender and a little longer than 1n i• £age1ntfi• "·. 

2il REDESCRIPTION: 

fhe following ts a detailed· morphological descrip• 

tion ot i~!X:2S3~s J;.ermlnal!tn 

·(a) Zbe Mid• (Fig. 6). 

fhe head co.psule ls dense~y eoverad with scales 

and setae, except for the region near the two compound eyes 

which are large and spa:rsely covered by tiny setae. No 

oc:ell1 are present. 

r4outhparts. The labrum is very rudimentary and 

J '-·consists orJ.y ot a narrow band. Maxillary pa.l.p1 nre absent • 

. '.fh~ labial palpi ·are well de tined and are made np or three · 

segments/ ••••• 

~' ' 

\ ' 
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segments, which are densely covered by scales. The pro­

boscis is extremely rudimentary, and no mandibles are pre• 

sent. 

A 

.Ufh 6. 

Anterior (A) and lateral (B) view of the head. 

Lp • enlargement of the labial pulpus. 

At - Anterior tentorial pit. 

Ep - Epicranium 

La - labrum 

B - Compound eye. 

FrClp - Frontal clypeus 

Lp - labial palpus. 

Pr • Proboscis. 

Tbe mouthparts are vestigial and they are not, 

therefore, suited tor feod1ng. 

Antennae. The antennae of tbe moth aro b1peot1• 

nate, but those of the male differ ma~kedly from those ot the 

female by virtue ot the fact that they are plumose whereas 

those of the female are not. 

Male Antennae. (Fig. 7). The basal stalk or 

scape, f1g.7b., ot the antenna, which is about 1~ times as 

wide as 1t is lona, has a swollen appearance and 1s conside­

rably longer than the other segments. 

Tha median segment, the pedicel, which is sbort, 

and only about half the length of the scape is slightly wider 

than the first segment of the fiagellum which is made up ot 

31 segments~ These segments gradually become longer and 

thinner towards the distal end of the flagellum. 

The distal segment/ ••••• 



!he distal segment, however, is as much as twice 
'-•'0~~·~""'-<t:'<V••ilff, ...... 'f', .•' 

the length or the prece~ding segMnt. ,w;h;:r7 segment has 

two long pectinae which are densely covered with slender 

setae. On the tip or every pectina there are, in addition 

to tbe slender setae, two which are much large~ and more 

prominent tban the others. 

,-------~ 

~-

li!!ure z. 
A. Plumose antenna or male. 

B. Scape ot anteana. 
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c. Enlargement of the pectinae and two variations 

round in the terminal segment or the flagellum. 

The feathery appearance or the antennae is due to 

the long pect1nae, figure 7 c., the longest or which are six 

times the length or the segment on which tbey are situated. 

The last segment varies markedly in shape and as 

an illustration of this variation, tvo rorms in wh1ch it may 

occur are shown 1n figure 7. 

Female antennae (Fig. 8). 

In the female the scape differs markedly from that 

ot the male, being twice as long as it is broad, while the 

pedicel which/ ••••• 



pedicel which is slightly wider than the tirst segment or 
tbe fiagellum is onl,y f as long as the scape, figure 8 B. 

In aeneral the tlagza~ consists ot 27 segments, 

but in 3 ot the cases examined the number ot se,.ents was 

round to be only 26. , - - ~~ 

f~ 

mrn. 

D 

fig. a. 
D. Antenna or tbe female moth. 

E. SCape ot !'ntenna. 

F. Enlargement ot the pectinat, 
. 

o. - I, Variations tound in the terainal segment 
ot tbe antenna. 

!be •in difference in the nagella or the two 

sexes is the lencth ot tbe pectinae. In the case ot the 

female, they are much aborter than tho•• ot the .. le, the 

longest being only twice instead ot six times, the length 

or t~ segment on which tbey are situated. 

The pectinae are comparatively sparsely covered 

with setae, and have only on. prominent seta instead ot 

two near tbe distal end. 

As in the male/ ••••• 

20 
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As in the male, the last segment or tho nagellum 

may exhibit marked shape variations as ~s illustrated by the 

three examples given in figure 8, G,H.I, 

(b) %horn!• (Figure 9), 

. -f'N3 
. ---AxCJ 

~.~Iff-'.' :-- - - -3 ~ 

' ~.:.._-- -Ep~s 

Fig • ...2.. 

0 

2 

3 
m.m. 

Lateral and dorsal aspect or tho thOJinx. 

Protharp;. 

Ep~ - Epimarum Epsl - Episternum 
M1 - Microthorax N, - Notwn 
p - ArticUlating plate of coxa ct1· - Coxa 

AxC2 - Axillary cord 
EP1n2 - Epimerwn 
N2 - Notum 
3P2 - Post Parapterum 
S2 - Sternum 

fj'Jsothorax. 

ex -coxa 
Epi2 - Episternum 
P - Parapterum 
PR2 - Post notum 
sc12 - scutellum 
Sp - speracle 

B 

act2 - scutum 
Tg - TegUla · WP2 - Wing process ot pleuron 

Jj3tathornx• 

AxC3 - Axillary cord 
ex~ -coxa , .. 
epm3 - subdivision ot epimorum 
P - parapterum 
Pi] - Postneulum 
sc~ - scutum 

' 
WP3 - Wing process ot pleuron 

s3 - sternum 
Epm3 - Ep1morum 
N3 - Notum 
.3P3 - post paraptorum 
sc13 - scutellum 
Tn3 - Trochantin 

(Terminology based on that used by Snodgrass (1909),) 

M1crothorax/ ••••• 
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Microthorax. 

The m1crothorax which forms the neck segment, is 

not a true thoracic sogmsnt, and consists ot only two sclerites 

which are situated on each side of tbe neck. 

Thorax. 

'!'he thorax is composed of three well defined seg­

ments, tho pro-, meso• and metathorax. 1'he meso- and meta­

thorax which bear the wings are less clearly separated from 

each other than are the pro- and mesotborax. 

The prothorax is elongate and depressed and is only 

about a quarter the le~h ot the mesothornx which, 1n turn, 

is approximately three times as long as the metathorax. 

The aggregate length of the throe segments equals 

their height and is twice their width. 

The solerites of the thorax, whose relative posi­

tion is shown in figure 9, differs only slightly from those 

or tbe higher Lepidoptera~ 

Legs. (Fig. 10). 

The legs of I• terminalis moths, which are densely 

covered with setae and have a fluffY appearance, do not differ 

in the two sexes, as is commonly the case with ether Lepidop­

tera. 

0 1 2 3 4 

...... 

JZ1g. lQ. 

Front, Middle and hind leg of I• Serm1nal1s moth. 

No spurs are present on the tibia of the fore legs 

while those ot tbe mid-legs have a terminal pair, and those 

ot the hind legs, have, in addition to these, a pair of 

mid-tibial spurs/ •.••• 



mid-tibial spurs. 

The tore legs are much shorter than the mid or 

hind legs. The temur or the mid-legs is longer than that 

ot the hind legs while the tibia, on the other hand is shor­

ter. 

Tbe tarshsconsists or 5 segmen~ the first segment 

being much loncer than any or the other tour, !be terminal 

aegment bears two claws and the pulv1111, 

(c) Abdomen, (Fig. 11), 

The abdomen or I• ltrm1nalll is 11ade up of ten 

segments. In each segment, the terg1te dorsally and the 

sternite ventrally are strongly oh1t1niaed. 

ZJ:&. 11. 

The abdomen ot the temale JDOth. 

f - tympanium 1 - 10 - segments, 

!be sternites of the tirst and second segments 

are tused, and the eighth, ninth and tenth aeg•nts are mo­

dified into the genitalia. 

The ty,npaniWil 1s situated in the first segment. 

Segments one to seven carry a pair ot stigmata each, 

which are situated laterally one on each side, on the less 

chitinised section between the tergite and atern1te. 

The only/ ••••• 



!he only differen~e between the abdomens ot the 

female and male, apart from the genitalia, is their shape, 

that or the female being cylindrical whereas that ot the 

male is conical in shape. 

Internal reproductive organs ot the moth. 

24 

Janse (1932) considers that no description of a 

moth species is complote unless the gen4tal1a have been 

taken into consideration. As the genitalia ot I• ~ermina~1s 
have never been described, I include them in this study. 

Male. (Fig. 12). 

The pale yellow-green testes (t) are tuaed to 

torm a single median ball - shaped testi1 9 but in exceptio­

nal cases (Fig. 12 D.) it is still possible to discern the 

individual testes. 

~ 

m.m. 

MOle reproductive organs. 

a.g. - accessory glands. 

t - testes 

v.d. - vas deferens. 

d.e. - ductus ejacUlator~$. 

v.e. • vesicula seminalis 

The vasa deferentia (v.d.) which emerge separately 

from the testds and which are slightly constricted atter 
e11lar9e 

emergence, ~1~ea eai to form the vesiculae sem1nal1s (v.e.)• 

Thereafter/ ........ 
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Thereafter the vasa deferentia again gradually become narrower 

broaden 
only to wiaes eut once more to form a swollen portion, - into 

which the accessory glands open, - before they unite to torm 

the ductus ejaculntor1$ (d.e,) 

Female. (Fig, 13,) 

~------ ~ 

Fig, 13, 

Female reproductive orga.ns. 

a,g, - accessory gland, 

o.v. - ovariole. 

o,v,d. - oviductus lateralus. 

s.p. - 3pcrmatheoa, 

b,c, - bursa copula\rix, 

o.v.c. OViductu.~ communis. 

r.s. • receptaculum sem1nal1s, 

v.g, -vagina, 

v.l.-vulva, 

Tho inte,·ne.l genitalia of the female moth consist 

ot two oviducts (o.v,d.), each or which is made up ot tour 

ovarioles (o.v,) The two oviduc <.s ruse to rorm the ov1ductus 

co~nunis (o,v,c,) 1nto which open firstly, the sparmatheca 

( -;,p. ), and the nart-ow duct from the bursa copulatrix (b. c.) 

and secondly lower down near'the external aperture, the fused 

tube or the two accessory glands (a,g,) 

Each ot the two/ ••••• 
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Each ot the two accessory glands opens into a re­

ceptaculum semSnal1s (r.s.), which opens into the 

oviductus communis. 

fhe bursa copulatrix (b.c.) 1s connected to the 

exterior b7 a widened vulva (Y.l.). 

flmre is a llal'l'OV constriction at the point were 

the spermatheca and the bursa copulatrh: opens illto the ov1-

duotus communis and also lower down where the common duct ot 

the accessory glands opens into it. 

External genitalia ot the moth. 

Male. (Fig. 14). 

The tenth segment ot the abdomen or- the male is 

mod1t1ed into special clasping organs to assist it 1a hol­

ding the female during copulation. fhe tergite or uracus 

con.) is strongly solerotised with tvo well developed lateral 

projections. !he sternite or valva (Va.) consists ot two 

hammer shaped valvae, and 1n the figure the right valva has 

been removed to expose the organs l7ing between the two valvae. 

1X 

· Fig. l!f:1 

Th~ external male genitalia. 

IX - ninth alidom1nal segment. Ad. - aedeoagus. 
Jx - 3uxta. Sc. - saccus. 
Va.- _ valva. on. - uncus. 

· Vs. - vesica. 

The solerotised/ •••••• 



The sclerot1sed saccus (S.c.), which 1s bluntlJ 

pointed anteriorly, originates t.rom an 1nwar4 pro3ect1on or 
the ninth segment. !he ~uxta (J'x) has two lateral 3o1nted 

pro3eotions. 

· fhe aedeoaaus (A4.) whose lenath .is about tour times 

its width, and whioh contains a membrane, the vesiea <vs.), 
is strongly sclerot1sed and ~· slightly widens at the apex. 

In o~ta1n Lepidoptera the vesica may be covered 

with spines and hooks, the cOl'nutae, but 1n B. tsmiool.tg, 

these are absent. 

During copulation this aembrane 1n which the ductus 

e3aculatol'US 1a s1 tuated, extend 1ft to the buraa or the female, 

and the s8111nal· fiutd is thus passed into it. 

!he external female genitalia. 

·VIII- eighth abdominal segment. 
Aa. - anterior apophyses. 

. Db. - ductus Bursa. 
Os. - ostium. ' 
Pa. - posteriOr apoptiyses. 

Bo. - bursa copulatrix. 
Op. - ostium plate • 
Ov. - ovipositor lobes. 
Rs. - reduced 8th stern1te. 

The lobes of! •••••••• 



fbe lobes ot the ovipositor are r;ounded at their 

poster lor ,end.s, ancl the poster tor apopbyses (Pa.) which 

are att·aobed to tlle anterior ends or these lobes are slender, 

long end gently curved. '!'be ,anterior apopJ'Wses (.A.a.) which 
. . ... ·, . '. . ' ' .. . ·. : .. 

·are a:ttaehed. to the anteriol' section or the . eighth segment 
. ' ' . 

(VII!),, are straight and slightly sp~~ulated at their tips • 

. ·copulation takes place through ihe .open1rig · in the 

eighth sternite, the :os~·ium bursa. 'l'he ostium (Os.) is 

swongly sclerottsecl attd the ostium plate (:Op.) bas two 1a· 

te!"al roundecl projeotlon at its posterior end .• 

The ductus. bursae (Db.) and bursa oopulatrix lBo.} 

are weakly selerot1sed and-have no signa. 

3 • HABits. 

- Immed!e:tely atter the moth .emer.ges tram the eoooon 

!t makes 1ts ·way through the covering layer ot debris on the 
' ' 

tOl'est :floor to ~each the :sU:rtace vhete it .sits whl.le.1ts Tdngs 

···.are dryiq:, It a ~urak ·or branch 1s. 1n the :v1c1n1ty1 the 

· 1nsec·t w1~1 crawl Up ageib.st 1t and come to rest 1D e · 

· 'YJGrtical position. A pertoa or approximately an hour 
. . . 

elapse-s between the time of emergence sad the moment the insect 

commences .flying. As_ soon as 'the wings are sutt1oient1y 

4rl' tor tllght t the motb takes ott' 1 1ni~t1ally tly1ng .low 

over the surface but gradually c1re11ng higher ana higher 

untU J'lrlai~ !t disappears 1b the orovns ot th~ trees. 

The temalEi motb; being_ heavily lad.en ·with .eggs_,_ 

~ies ·more slow]Jr ana 1Z-tra1ghter than. the mal:e• !rhe :ilattGr 

·· .1s- a. strong and ~ast tl'ier, ~nd always. moves in .zig .. zag 

fashion, rather ert!.at1c, never to a:t11 set objective. · The,· 

tlying -. hab1ts :ot the two ·s•x.es diff'.er .so radically that they 

may be distingUished \d. th ease in the field on ·this basis • 

Matting may/ •.•••••.•• 
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Mating may take place at any time atter. the .. emergence 

of the tamale trom the cocoon, but frequently she ·will repel 

the mt1lo 1n.1t1al11t a.nd .mating usua111 takes place at:ou.t . . 

half an hour after emergence.. The males mate only· after 

tbey have ·commenced flying.. If a tnale with wings not yet 

fully untolded b~ placed next to temales, no attempt 1s made 

by .it to commence mating. 

Ib.Table 1 the maximum, minimum and. average times 

taken by 18 pairs bt moths to complete copulation are re• 

fleeted, 

On occasions it has 'been·observed that a female, 

immediately after copulating with one male tor about 20 

minutes, repeats the process tor an equally long pgriocl with 
~~~Q~ . . 

another m~e without:. tL tirie lapse between the two mat1ngs. 

Mtlting normaily takes place in the crowns ot the trees in 

which the moth~ co.ilgregato s>s soon as they are able to nv. 
'Moths emerging trom tho f'orest floor and unfolding 

their wings ·on the surtaoe are most frequen.tly seen during· 

the early hours of tha morning; After. sunrise, as the tem·­

perature rises, these newly emerged moths mill around in 

f'li.ght below the trees and. later ascend to the tree crowns. 

By midday relatively tew .moths w1ll be found below the er01r1ns 

· or the trees. By observing tron1 a tree taller than the 
. observed 

.average in .a compartment of E~.J. ·patgla. 1 t was ~ that the 
' \ 

ascending moths first of all fly around above the tree crowns 

and the.n descend to settle in the crowns,; It tha moths 

which have settlod in the t~aes are disturbed, they take ott., 

fly about for e. very short period,· .and then settle once .more. 

\ 1'1me taken to ¢Omple.te 

· ,opulation. 

!mum_ 

95 mins. 

l!l>le l• 

6 m1ns. 

_Dur~tion ot copulation of moths or E. term1nal1s,. 

If one/,. ..... . 

l 
l 

I 
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It one examines the crowns of trees in w.b1ch moths 

have settled some t1me after the peak ot the flight period, 

.many dead moths will be .round adhering to the pine needles. 

When they settle in the crowns ofE&Qll.A trees, the motbs 

told their legs around the needles in sueh a marmer that 

even atter· their death many' of them adbe:re tirmlr to tbe 

.tollage. 

A very small proportion ot moths deposit their eggs 

en tree trunks and branches but the vast majority oviposit 

1n the crowns of the trees where the young larvae w'ill be 

in d1reet contact with · tood supplies. 

An attempt wa.s made to determine the fr~quency 

d:lstributi.on ot egg packets at V&r1ous levels Of filmS RAtllla 

trees in an -infested compartment in the Jessievale plo.ntat . .lon. 

T~e trees were all trom 3;" to 4-o feat high in this section. 

fb.e first bre.nones bearing tollage were situated on an ave­

rage 17 teet above the forest floor; the orowns averaging 

18 to 23 feet in height and 9 teet in diameter. 'Three 

sample trees were selected• and the crowns were surveyed 

meticulously ror .agg packets. · Subsequently those parts 

ot the trees below the crowns, i.e. the, trunks and dead 

branches, were equally thoroughly examined. The results 

ot this surve)" are compiled in Table 2. From this it is 

clear that most ot the oviposition takas place in the upper 

10 teet or the crown, and. very little below the crowns. 

Ground trunk and Bottom.B-13 f~et Uppermost 10 .toet 
lower d.ead bran• ot crown. ot c:rownl!i 

he 

1. 1 ; 29 
2. ·0 'i 26 

}f. 

a 

J:abl& a.. 
Dis,tribut:ton ot egg packets or E. term1na.l1s 1n 

P1QtU1 aa.tUla. 
The (,i,ifterence/ •••• 



' 
i'he difference between the number ~of egg masses 

deposited· at ditre.rent heights in the tree 1s s1gn1f1eant. 

b::.2 - 5'.·991 D.F. 2)1 especially l<Jhen. 1t !s borne in mind 
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that th$ upper level of the crown or the tree offers the smal­

lest area on which ovi'posit1.on can take place. 

fhe number ot eggs laid by one ·female varies between 

~a and ~87, the :aver.aga :nutt1be.r being 185'. fhase figures 

were obtained by counting. the eggs deposited by .'57· mated te-

, males kept in captivity. Ooeas1onalli' temales have been 

Observed to start laying an egg packet, stop and abandon it; 

nnd then to commence ov1pos1t1ng elsewhere, 

Just before the te:male commence$ ovipos1ting, 

there is a ra.pid movement of the lobes of her ovipositer, 

and as a resul.t. a dense mat of setae present on the anal tip 

ot her abdomen becomes detached. The tirst eggs are depo.-. 
i 

sited aga.1nst tb.is small. ball or l.oose setae, and those 

laid subsequently a.re in turn covered witb more setae also 

derived from the anal tutt, When ovipositi-on ceases, the 

whole egg packet is covered with setae, all orientated .. along 

·the long axis of the packet, . 

·;-· .. '!! U~ua~'ly ov1posit1ng takes place .24 to 72 ·hours 

'atter emergencet but occas1o:nal exceptions in which oviposi• 

t11'JS. only started after 96 hou.rs, have been observed. A 

healthy' female completes oviposition in from 60 to 100 m1nu-

tes provided t~ eggs f.q:~e laid 1-n one packet. In those ex-

eeptional cases where tlle eggs are deposited in more than 

o~e egg packet, a longer time is taken to complete the pr:o• 

I cesa. 

'lemperature has very little effect ·on the longevity 

of' ~he. m~th., although it ,df.stinctlr influences activity, 

A series or ex.periments was carri.ad out to determine tbe 

' influence or various combinations or temperatura and. rela• 

t!ve bum1d.1ty on the longevity and ,ovipos:f.tion. or the temale 

moths~ The/ ••••• 



motbs. The results are eompiled 1n Ta.'ble 3· At each com~ 

· bination of temperature and l"elative humidity l.O moths were 

used as test.inseets. 

When fable 3 is studied, ·1t is clear tb.rat l.ow· re­

lative humidity do-es play a. part 1n decreasing the lite span 

ot the moth. HOwever• bearing :tn mind the tact that at a 

relative humidity. as low as 36.6~, the moth is still able . 

to live an average· of 6 dQys at ·temperatures ranging trom 

15'., .... -)2.5'0<:. it is clear that low relative hu:rn1d1.ties 

woUld not normally shorten the life span ot. the moth sutr1- · 

c1entl.y to have ,a 111ll1t1ng effect on subsequent larval popu­

lations. G.i'Ven a 11fe of 6 days, the female motb. would com ... 

plete normal ovit>os1t1on. 

Migration ot the·moths. 

If a study is made of the areas defoliated each 

year over a periOd ot years in the ,Jess1evale plantation,. · 

it is clearlf' appo.!'ent that severe infestations of l· i£­

m1nq.l1s ·Ocour at new s1tea. ea,eh year, . the same area never 

being beav11y'1ntested t9r two successive years. This 

phenomenon has.given rise to the R9§:t ,hoe theory that the 
- uncle-

moths migrate from n defoliated to ao.J•ol1ated compartment .• 

Superficially this theory is supported by tbe fact that of 

·the thousands .ot moths visible during tbe early morning in 

an infested section, vary few can be seen in the- afternoon• 

P\trther support t.o t.he migration theory was thought to be 

round in t.he faet that. tew egg pack~ts were noticed on the 

trees in 1.ntested sectio.ns while moths were ov1pos1.t1ng. 
_ _ rnisle.QdiYij _ _ . . . 

·Tb1s evidence, however, is ¥aluele:u since, as has bee,n 

stated ·above, the bulk of the eggs ara laid in the crowns 

vhere they would not be visible from tne ground• 

~he writer•s obse,at1ons do not support the migra~ 

tion theory.; Moths in defoliated sections wore seen to 

.move straight up lnto the tree erowns and deposit their eggs 

the.re. 

Add1 tS.onal/ ••••• 
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' . 

. ~ Loneev1t.X. ot Moths in daYs • 

Relative Humidity. r4ean Standard S1gn1flee.nt d1tte·rent 
_er.ror. . konu. · 

. 

- ·- ,, 15' •. 5'°C 

l 36.8 
. 6 ±0·3~3 2 to 6 

2 5'6 .• 8 8 ± o.~ ·· 9 1, 3 to 6 

~ 66.8 10 ± o .• 345 ~. 2 
82.9 10 t o.6t2' -s 92.1 10 t o.3 ~o ... 

6 96.1 1.0 ±0.7745' ..... 
' -

. 21 .•. o0c 
I 

. 
1 36.8 6 1 o.~46~ ·2 to.6 
2 . 5'6.8 8 to. 8~ l, 3 to 6 

~. 66.8. 10 1 0.03 9 . 1, 2 
82.9 10 I 0,lf216 ..... 

; 92.1 10 ± ·o.5'961 .... 
6 . 96.1 10 !1.619; • -

.~-... 

• 
___ 2iiliN4 

g )liM_.,.. .. ~.s0c 

1 ·]Q.S 6 ~ 0,0~2 2 to 6 
2 ;6.8 a i o.o g 1, 3 to 6 
~· 66.8 1·0· !. 0,1+21 1. 2 

62.9 10 ± o.1to216 • 
~ 92.1 10 ! o.S77S -96.1 10 ± 1.,0595' .... 

· ·12•~0c 
' 

l 
I 36.8. 6· ~ 0,6496 {to 6 I 2 5'6.8 8 . ! o.6667 t 3 to 6 

~ 66,8 10 !. 0.666? 1, 2 
82.9 10 1 o.~33 -g 92 .• 1 10 ± o. ?2 ·- . 
96.1 10 :!: 0.6992 -

,tgb,;te l• 
Combined effect or tempere.ture and relative humidity on 

, longevity or tho motb. The stnnde.rd error ot tbe d1f.te• 

renee between two means c 

. J( St-;~d;~d 'error ·of . ~a~) 2 .~ ' (Standard error ot 'Mean
2 
)~ 

· The minimum s1g~1t1ea.nt d1ttereneo was calculated hom:-

ro~ •. s.D. • Standard error ot the two means x t, wher~ t • a, value 
f'ound from t tables at the desired prohab111'ty leve11 . 
which 1n this case .is l9tl odds. · 
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Additional tests to prove or d1sptto'le the t~eory ot moth mig­

.-ation were carried out by marking moths. 

Varioti.s workers, (Fl.trtcner (1936)1 QUer1 (1936), 

\i:111ie.ms ~· Al, •. (1~2) and Skaite (19$3)) have described 

techniques to mark insects in order to .study their move­

ments. Although these methods are exeellent, t.he mBrking 

process ts too laborious and t1nw-eonsuming to be appl!~d 

1n eases where large numbers ;Of lnseets are to .be dealt with. 

fhe method described bY Collins a.nd Potts· (1932) appeared··. 

to be tbe most practical one in th1s case.. Antline dye 1s 

dissolved in 1f'Jft alcohol and pa1nted· on the wings of the 

moth, using tor this purpose a ea.me1,.,.ha1r bl'\1sh. !h1s method 

·bas decld·ed advants,ges in ·that tt can be .speedily applied, 

the solution dries almost 1rnmed1a.tely, and also in that 

Gticky substances wh1eh could glue ·the wings together, are 

not used. 

As described above, the newly emerged. moths of 

l• ~· s1t 1rmct1va ori. the torest floor du:rinti the· 

mornings while awa1t1ng the unfold.1ng ot their wings, and 

fly ott later \fhe.n the temperature rises •. · By selecting a. 

compartment heavily infested at Jess1evale at a period.when 

moths were emerg1ng., ample numbers of moths eoUl.d be marked . 

-with ease.w1thin a small area during the early morning. 

the best t1me for marking was found ·to be at su.nrise when 
and 

temperatures were still ·.~ Jow· real!ily te ;srP::!t the moths 
1..-ioc.t..ive 

with wings already \tnfolded. te: fly~ Using the technique 

· ot Collins and Potts,, it was poss.ible ·to mark 5; 000 moths 

in an area only 60 x .120 feet in extent during the time of 
. ' 

It hours o.ne early morning. Sy using a. very dark blue so-

lution, w.hieh showed up extrEunaly well .on the normally yel ... · . 
low wings, the ma.rked moths ¢ould be very clearly cU .. tteren­

tiated even when in flight. 

The area/ ••••• · 
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The-area in which the motbs 'Were ma.rked7 and undofo­

liated sections ot the planto.t1on adJoining 1t 1 were kept under 

continous ancl meticulous observation tor a period of ten 

days. During this exte.nd<!d period of observation. a total 

ot 310 marked moths wore recovered, every single one of which 

was found v1th1na radius of 600 teet ot the area in whlcb 

marking was carried out. Although the whole ot the surroun-

ding area of tbe plantation was kept under very close obser­

vation, not a. single marlted :moth was seen there-, 

fhe observation. sholi.s that although .a small _number 

ot motbs 1n a defoliated seotion may perb.a.ps tly over into 

adjoining. undef'oliated sections and tbtts spread, the 1ntes• 

tat1on·, ·the numbers in~olved if this does_ occur a:re so 11-

m! te'd that this movement ct&~i, in. no wny be described as a 

migration. It is qu..tte clear that tbe bulk of the moths 

emerging in a defoliated com.partment oviposit .in that area 

without migration. 

It .may thus safely be accepted that the peak 
. 

intestat1ons developing 1n new areas from year to year in 

the Jessievale plantation build up progressively trom small -

nuclei Mt1l epidemic proportions .are reached, and not as a 

result of mass migration ot moths trom heavily infested 

.into adjoining unintested compartments. 

the bulk of the moths emerging in a defoliated 

co.mpartment lay their eggs in that compartment vithou:t m1• 

gration. !rile-resulting larval ptapulation, as will be shewn 

later, is so la.rga that it becomes highly susceptible to other 

controlling factors which tben reduce it to a minimum level. 

Many years ela.pse bef~re this surviving nucleus has ones more 

built up su:ffici~ntly to give rise to another outbreak. 

CHAPTER IV/~· •. •. 



CHAPTER IV, 

T HE E G Q, 

1. r-!ORPHOLOOY a 

From the dorsal aspect tbe globular egg has an 

even circular outline, but viewed troM the side it is oval 

in shape, The ventral surtaee, on which the micropyle 1s 

situated, is flattened in tbe newly laid egg, but with in­

creasing age it becomes concavely indented, 

A 

O•.f CDa(ft 

·c 

.B 

lig, 16. 

A, Lateral aspect or a newly laid egg, B. Same of an 

older egr,. c., Ventral aspect or the egg, showing micro­

pyle. D, Micropyle area, 

Pig, 1.7,/ ••••• 
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l1g, lZ. 

Egg mass covered with setae 

on a needle facet. 

In Table lf. the average dimensions and. size varia­

tion or 30~ eggs are given. 

D1ameter1 dorsal aspect 
Height, 1ateral aspecta 

Newly laid 
10 days old 

0.66 

o.t.9 
o.46 

..t o.oooo3 

.! 0.01634 

.: 0,00002 

Eg~ dimensions in m111imetres. 

The uns~ulptured, glistening, vh1t1sb chorion 1s 

somewhat translucent and allovs the contents to show 

.through, hence the newly laid egg is tinged pale pastel 

green, while the more mature egg appears to be coloured 

a pastel shade/ ••••• 



a past~l shade of brown. The chorion is unmarked except 

in the .1mmed1ate vicinity ot the m1¢ropyle 1n the middle 

· ·of the ventral surtaee, where there is a r~t1cule.ted area 

extending to a radius ot o.oa m.m. from tne micropyle. 
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!he eggs a.re deposited in elongated, irregularly 

shaped ma.ss&s (Fig •. l7) which ara covered with pale brown 

ba.1rs derived .from the t1p ot the abdomen or the female moth. 

Each egg in a mass tauehea but never overlaps its nei.ghbour. 

(a) J}igl a a;. 

(1) Method ot controlling relative humidity. 

In view ot, the tact that the habitat or l• term1-

nal1s includes areas wbere there are wide fluctuations 1n 

. temperature and relative.· humidity, .a series of experiments 

was performed to determine the influence of v:a.r1e.t1ons !n 

these factors on the egg, larval and moth stages ot tb1$ in• 

sect. 

Various research workers have employed different 

techniques by means or which test insects could be kept 

constantly at ·a.ny ·particular. humidity desired. Since 

the experiments to be carried out by the writer were to be 

conducted under vary!ng conditions or temperatura, 1t was 

decided to use su~ph.uric acid to control humid.ity. The 

humidity of an .a:trnosphere above .any given concentration or 
this acid varies extrerooly little with changes in temperature. 

ThS.s tact is very clearly illustrated in the graph prepared 

by Wilson. (1921)., (Fig •. 18). especially whon i.t is considered 

that the temperature range or the writer's experiments exten­

ded only rrom 10°0 to 32. $0c. 

When alkalis are used instead ot sulphuric acid to 

control humidities, these ehemtonls ha:ve the decided a.d• 

vantage onli in that they absot-b excess carbon d1ox1de 

which may be formed,. 1'o eliminate the d1tf1culty of excess 

C02 when using the acid method, it was decided to adopt a 

system of maintaining a slow, moving air stream bS' bubbling 

air through/ ••••• 
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air through tlle acid in each container. Solo112on (1931) 

also considered that ~ .. S«1,. was the best bum1d:1ty control­

. ling agent to use in exper1me.~ts or this ·na;t~re since "the 

physical data tor su:l.phurie acid solutiQnJI 'r.e pr~bably more · .. 

accurately determined than the 

" E 
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~ 
l 

I~ 
ui 

"' 

'"'/· 
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70% 

~ 4-0l 
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AQUEOUS VAPOUR PRESSURE 
OF 

SULFURIC ACID SOlUTIONS. 

. •'' 

other compounds". 

l.ig; 18. 

Graph adopted from 

ft.:&. Wilson (1921) 

1nd1¢a·~:1ng the 

actueous vapour pres-

~ure or sulphuric 
'· 

acid solutions1 ~hewing · 

801. 

the extre~ly little 

change with nuctua-
. ~· '·,. 

PERCENT/ICE SULFURIC · ACID. 
tiona. in tempera.ture .• 

The technique employed by the 1.1riter is l?ased on 

the same princ~ple as that proposed: by Wilson (1921) and 

Buxton (1931) 1 namely, to pump a stream or air taroueh 

sulphuric acid ·or varying stren&tha in different bottles, 

the air in each case then be1nc led over the test insects. 
(Fig. 19). 

INsrcrs· 

( 

··L. -~· ·'· ._ ________________________________________ ___ 
- ... ~~ 

Bottles 
li&'~ 12~ 

eontaininc sulph~r.~c acid and' broken gias• through 
whi~n· ~Jr is Pliltped. 

" · · . · ,. The ,Point/ ••••• . . ;\-
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The point. ot the glass tube through which the ai:r is 

led into the acid solution in eac.h container, is ·narrow to 

decrease the size or the air bubbles. In addition, the 

bottles conta.1n1n.g the e.c1d, hold broken glass to break up 

the air into still smaller bubbles, and to slow down their 

passage through the acid solution~ ~o ensure. that the a1r 

40 

passing through the acid solutton ettains the desired humidity, 

!lt is pumped through the srstem at a speed range or only ao .. 
100 e.c~ per minute. 

were . 
The eggs, larvae or adults &re eentrxtnea in glass cy-

linders, of a diameter ot 15 rn.m. in the case of' the eggs, 

and 30 m.m. :tn the case ot the larvaa and moths; Tbe ey-

. ' .linder was corked at each end, and through tbe eorks air ""(as 

introduced ·via a glass tube at one end and led out by another. 

at the other end. fhe full details concerning the connee• 

tion ot the glass Clflinder 1n tbe air circuit producing the 

· desired relative humidity, are shown in the 1llu·strat1.on 

given herewith. 

Buxton (1931.) considered tbat this typa ot apparatus 

-was not ideally suitable for experiments in wb.1ch· larva.e, 

to be fed on fresh moist foliage, serve as test insects. 

IUs grounds for. this statement; are the tact that the larvae 

are in contact with the transpiring leaV'es, w.hich automatical­

ly ereate·a higher humidity 1n the air 1inrned1ately surroun• 

ding themt and secondly, the moist air .a:r1s1ng trom tb.e leaf 

actually flows over to the test insect, The theoretical 

· . relative humidities to which the test insects are exposed, 

thus do not corr$spolld 'With the actual humid1ty of the nix­

surrounding. them; and the results obtained will. thus not 

giv-e a true ref'.leotion. 

In the case ot the larvae of' i.• tgrm!a,;t1s, only :a 

few needles of f#Jlua ut\!J.a wer-e provided as food 1n Gach 

cylinder. Tbe surtao~ ot the leaves, trom which transp:l-
. . 

ration can take place, is relatively small, and tlle effect 

ot such transpiration/ •• 

-

···,:.;. 



ot such transpiration o.n the humidity in the cylinder., 

through which a slow air stream is passing, would be neg-

11gdble. . !y _l1m1ttn!t tbe. ·n.umber or 'needles; and renewing 

the food supply at more frequent intervals as replacement .. . 

became~ ne~·s!Jary., the .need .tor using plenty or leaves in 
,, 

the C"l!ndar, which would in turn e.tteet the humidit"t did ·1 

.n.ot e.:1se~\ . . "" " 
\ ·· .. 

. Ill anY: ·Case, s~ing that the .insects used in such 
\ "\.·-: 

tests are in riaturo eont~d to transpiring leaves, t)Je re-
\ ' lative effect of varying atmos_pher.ie humi!lities on the in-

.. . . \ . . . the so111~ . . .. · . 
sects would be more or less eeH.'ittt ... nt--in__ the laboratory a-s 

............ . -. . 
out ot doo.z'.s,.- · ~ "' . ·,. 

- - .......... - ~-

b. ~he egmbined '1ntluence .. or t_emp§.rature &Qd hym1ditz 
'-. 

pn the .hatc)ting of i?tefJ111nal1Jr eggs• 

To determine the combined influence or temperature 

and relative ·hum!ditl'. on the incubation ot i• .;k!rm1nal:i& 

eggs, the eggs were.ma1nta1ned at various constant hu.m.id1-

t1es as previously described and at constant temper.atures ot 

16.6oc, 2l,.,0°c and· 26.ooc. At every combination or tempe­

rature and humiditY; 100 eggs were used. · The results ot 

the exper.iment are compiled .in Table 51 and the data are re­

flected as smoothed curves in Fig. 22. 

The results indice.te tbe.t at 26°C ralativ.a humidity 

does not affect the incubation of the eggs to the same extent 

Secondly, it is 

quite clear that at relative bnmidities ot approximately 

8;% and higher, te~perature is the main 'tactor wh1ch deter­

mines the length ot incubation, whi,le the various relative 

humidities tested have no innuence o.n 1t. 

Relative humidities from 46.8% and lower seem to be 

fatal at the three temperatures the eggs were exposed to. 

F1g~ .20/ • ,, • • • 
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In experiments car:r1etl out at the Jess1evale 

plnntat1on to dt!term1ne how long fourteen .1• l.§tmi~l 
egg masse$ 1 containing en average of 180 eggs per mass,, 

took to hatch, it was fotlnd tha.t at an average temperatut"e 

.ot 15" .• SOO; the .first larvae appeared 18 de,ys, and the last 

1ervae 21 days after the eggs were. ·OV1pos1ted. 

!'he egg mas zes were not removed from the needles 

on the branches where they were <iaposited,. but were only 

covered with the c&lluloid , .. organd1 cage.s (Chapter V .2). 

to prevent parasitee from .attacking them. 

-· ( 



CIAP:lER v. 
.. 

~ g: E · · ~- A !!.,V li, 
.. ·~· 

· 1. MmPHOtOGY. 
. ' 

' . · In. the desc?iptton .gt.v.en below, colour class1-
. ' . . . . . . ' 

ticatton is baaed on ·tlle system proposed by Ridgeway (1912.) 
' a • • 

(a)·: flru«al slesctip$1op,~ . 

· · ~here .are· eight -la'!"V'al stages -o.t E1 twm''Mlis, 
' . . 

!he newly hatched lal'VQ 1~ On ·an averag~ 1.68 m.·m. 'lO.Qge 

By the time 1t has r-eached the last stage• ana :is tully 
' . ~ . . 

: grownt . the. length ev;ereges 30 m.m. 
;, 

As ··the dttterences between the •ar-1ous 1ttstars are 

so aUght• onlY. the first _and :Last instar has 'been ·described 
' . 

In. the ker· ·to the larval instU's, the 41tfwence 

· between· ·aU the. d1tterent .stage's are men:t1oited. · 

.. r- ' 

and. ~onstant. number ot·verrucae (Fracker 191!$.) on tll61r 

·bodies, on vbich setae of var1able·.len.gth aftd. tJpe are 

· · a'buncJ·an~~l" present. . fhe resul~ is· that the larvae have 

!his etteet is added to 

. by ·the tact that shorts setae, ·piaeea bet.we~n the dorsa:l 

verrucae are f'ourtd 1n the later ·.inStars, 8nd especially ht 

the case o.t:t:be Nllgrcwnl~va. Even the head appears 

. hatry :1.\te to its being covereci With fine p<t!mary and secon­

dary setae • 

. In ·the tull grown .larva the head is tlame-sc:arlet 

pairs ot ·thoracic legs, ·ancl , tour pairs ot p~olegs situate~ 

on the ·third to sixth ·and the last abdominal segments, .are 

all well de.eloped and, ot an oranae-chrome ooloilr. ·0r1 

·i 

eaob. of tho sixth and swenth ,wominal segments a, gland 

opGld.ltg .is to be_ touna, placed medially ·between the dorsal 

Yerrucae .... ill. the l.ater ins tars these opeidllgs are· pract1ca11y 

completely ·obscured by the ,secondarY' setae tcund -~ this !rea. 

ti' 

''11•· 23/~ •••••••• 
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. ·. r~· ~ .. : .. ·~.· .. · .. ··" ·.· .... 
\- '{: .'·,:: > 

........ ;. ~··' . 
• \ 1 

Lateral aspect ot the· .:tirs·t thoracic se,gment showine rela• 

tive length 6t setae on the Yerruea.e., 

;:1s1: ·12~~-. 
. . "!ll" " 

Dorsal aspect or· the first:: 'thoracic se.gmeht-~· 

45 

. Black and ye~10lf .... ora:ngeY,~!'~~ 
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Black and yellow-or.ange form the ground colours 

of the integument. The. proportion or the skin area occupied 

by each or these colours is not constant, and varies accor-

ding to cl1mat1e conditions. fh!s aspect is dealt with 1n 

detail elsewhere in thi1~ paper and need not bo considered 

here. 

i'he surtace ot the larval skin is covered by a dense 

mass of small projections. By sectioning and m1eroscop1c 

oxazn1nat1on, tbsse projecti.ons will be tound to be non-cellular, 

purely cuticular structures, spread evenly over the whole bOdY. 

surface, each or which has 1ts origin in a polygonal area ot 

the skin. (Fig. :t;), · 

c. 

Noncellular projections on the surface ot the larval skin, 

s n. Do~al aspect. 

b, Enla.rged projection. 

c. Section of the akin, showing the 

position of the projections. 

b. Ch.aetotaxy of the/ ••••• 
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b~ ggajtO$SZ .ot ~l.l§. J1FP~ gpd l§§t, l§£Yal ingtQ~!• 

1. Tecbf!)n1quet ·various research workers" amongst otbors 

Dayer (1894) Fraeker (191$) Ga.rman (1.921)., and Gerasimov (1935') 

have studied the ehaetotalty of the tep.tdopteran larvae, but 

unfortunately no uniform nomenclature was adopted and a 

state of u.ttor ·oonfuslon in. this field resulted. 

Hinton (19it6) proposed a completely new nomencla· 

ture. He adopted this procedure after realising that the 

generally accepted views on the homology ot many setae were 

wrong., and af'ter. he had dlseovered ·that certain workers bad 

not taken into consideration all the small m1cro.scop1c setae, 

with the result ·that their work vas even yet more inaccurate. 

Workers such as Williams (1951 1 1953) and Singh 

(1953) have applied the nomenclature ot Hinton with success. 

In. this study tb& writer bas also followed Hinton, although 

the application ot b1s nomenclat~re is rendered. extremely 

d.if'fleult by tho large numbers ·of .seeonda·ry setae present 
, 

on the la.rvae of B• terminalis. 

In this study the positions or the lOng setae only 

are charted in view of the .tact that the deta.il of a setal 

map would be entirely ob.scured it all the secondary setae, 

present 1n.th1s type ot larva, are included. (Figs~ 21 and 

22). 

The sEJtal maps ot the thre.e thora.e!c. segments, al­

so of' the first, second• and s1:x:th to ninth abdominal seg .... 

ments, ~re given 1n full. The third to the fifth abdomi­

nal segriient.s correspond with the sixth segment in setal 

pattern, hence setal ma.ps for these segma11ts are not given. 

In the case ·Ot the te.nth abdominal segment. no_ map is given, 

since 1 ts setae are .not oo.nsidered to be of any taxonomic 

importance!; 

1'!1e setae missed by earlier workers and brought 

to light l)y Hinton; are in many cases extremely small .• 

those present/ ••••• , 
. ' ' 
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Those present on· the presternum of B.• ,t,ez:m1na11s are only 

o. oo8. m •. m. long.~~ 'l'bese are elass1f1ed by Hinton as micro-

setae or proprioceptors. He gives no details concerning 

the technique employed by h1m when studying these setae, 

except for me:ntioning that in many casas he made use ot 

blown larvae. 

·The f·Ollowing technique adopted by the writer 

greatly taeilita.ted studies 1n this field onJ. te!'!minali.§ 

and ensttred that ve.ry small setae would not pass unnoticed. 

Very small larvae•• 

(a) Boil tbe larva tor 30 minutes in a $1£ solution 

ot KOH. thereafter wash well .in df.stilled water to 

eliminate most of the KOR· 

(b) Sever the bead trom tbo body under water by care• 

tulJ.y cutting it away, using a small sharp scalpel tor 

the purpose~, 

(c) The body of the larva is once again boiled in 

KOH, as ,a result ot which the skin becomes very clear. 

Washing with distilled ll'ater to remove all the KOH is tb.en 

a,ppl.ied. 

(d.) The next step involves cuttlng the skin along .the 

ventro-median line and pinning it open, whereafter the skin' 

is mounted on a slide,, In view of the d1tf1cul ty- of such 

dissection ·tn tbe ease or the very small. larvat the writer· 

adopted the .following procedures• A glass rod of a dia­

meter slightly exceeding that ot the larva, is heated in a 

flame and drawn out to taper orr into a shar:p point. The 

pointed. end is now inserted 1.nto the body ot the larva from 

the and where the head was removed, By man1pule.t1on with 

a f'ine.pair or .forceps the body or the larva is drawn up• 

war.da along the tapering end of! the rod, tlle point being 

passed thr.ough the a.nal open1ng1 until ev.entually the skin 

at the an.terior end is t:l.ghtly drawn around the rod, 

The skin can now ·readily be eu.t a.long the ventro-median 

line ·at the anterior end \>Jbere it is tightly drawn over 



the rod. After eacb. eut the body of the larva is moved up 

the rod,, thus tightening the next see t1on or the skin, 

"Which may in tu:rn be neatly cu.t. In this way tho opening 

or the sk:tn along the ventro-median line from the head end 

to tbe anus is neatly and efficiently accomplished. 

(e) When skinning is complete, the skin 1s nattened 

out between two slides, and in th.1s position is.pe.ssed 

through increasing streng!il;s of alcohol to dehydrate it, 

and finally through Xylol f,or clearing. Unless the skin 

is kept between two slides during this process, it tends to 

curl up and assume its normal position, and .it cannot then 

be tlattened, out tor mounting~ When the de.hydra.t1on and 

clearing processes have been completed, tbe skin is mounted 

in Canada Balsam on a slide under a cover slip. Owing to 

1 ta shape, ·the te.ntb abdominal segment does not readily 

flatten out .tor moqntlng. This dif'ticulty may- be overcome 

b1 making a short incision into this segment along the dorsa­

median line~ 

Larger larvae:- to mount tbe skins o.f the later 

larval instars., the sama technique ,as described above may be 

used except tor the fact that it is no longer necessary to 

use a glass rod. The cut along the ventro-median. line ea.n 

be made directly· us.1ng a small pair of sharp scissors. 

However, modifloat.ions of tech.n,,que are necessary if tbe 

colour pattern. of the skin 1s to be permanentlY maintained 
.. I I 

:tor st\ldy in add1t1.on to the ·eha.etotaxy. 

The following technique vas tound 'to be most sa­

tisfactory when ·both ehaetotaxy and colour pattern ot tb.e · 

larger lar\t'a were.to.be studied:• 

($) !he larva is placed in .a Petri dish on the bot• 

tom of which a layer of Paraffin wax i inch deep is prov1• 

. ded. It is moun·ted therein. on its back by · r:t.xing the two 

ana;l prolegs to the wax layer, us1.ng m!mttchen pins tor the 

pu.rposeJ a third pin is now passed through. the head, the 

body is/.• • ,. • 



so· 
body ta drawn forward until fully extended, and the·p1n is 

stuck into the wax layer. Water is now added to tho Petri 

dish until the bOdy. of tha .larva 1$ C;Ompletely submerged. 

(b) Us1ng a small pai.r or sharp scissors• the body ot 

the .larva is sew· opened along the ventro-median line. The 
' ' . . . . 

skin is then pinned tlat on the bottom or the Petri dish, 

the m1trtrtchen pins used being passed through the leg.s into 

the underlying wax layer. 

(e) With a sha.rp scalpel the head of' the larva ·1s ~ 

removed trom the body, and the in·ternal organs of' the body 

al"e carefully el1m1·nated. To remove adhering muscles fr.om 
~lth 

the skin., .the internal surtaee is gently scra.ped b.r rzl .... ~n:s et 

a needle with a bent tip, the water in the dish at this stage 

being replaced by 3S% alcohol (stronger alcohol should not be 

1.1sed since this would· harden the skin and thus create d1tt1• 

culty in evening out folds and wrinkles when the specimen has 

subsequently . to btr mounted.).. , wben the skin has been cleared 

in tbia way .o£ all. adltex-ing tissue, it is mounted between two 

slides, dehydrated in alcohol and cleared in Xylol; and .moun­

ted permanently on a slide in tbe way described above for 

small larvae. 

The great a.dvantage or this . skinning technique lies 

in the tact that 1t -enables tb$ .research worker to study the 

Chaetotuy and colour pattern of' the skin by means or trans­

mitted light, thus permitting the use or a much higher mag­

nitication than would be tbe case if' reflected light 1s used. 

The setae present on the thoracic and abdominal 

· segments or a Lep1dopterous larva are divided ·into 3 classes. 
Worke<i O<.~t ·. . 

The division was 1nstl·tuted by Fracker (1917) and adopted 

by Hinton (l9lt6). -!he classes delimited are as rollowst• 

(a) fr1matx aetAI*- Setae round on generalised 

larvae .in all 1nstars., 

· (b) Subp:rimary setae:/ ... , 



(b) .fiubQrtm:u·x setatl• Setae having a definite 

position 1n cQrtain larvae, but not pre.sent 

on the first instar or generalised groups. 

:51 

(c) aecong&rJ!: stetaea• Numerous. setae having a 

general distribution and not limited. to verrucae 

and other torms or tubercle. In addition, 

a group ot pr.imary setae which are extremely 

small, nave been na.med ,microseonic ,aetAe or 

.!l*.~Rrioc;.!P!w by Hinton ·(194-6 ). Excepting 

· one 011 the prothorax ( MKDl), all the last­

mentioned setae .are round on tb.e anterior sec­

tion of. a segment. 

In the setal maps ot the first and last larval 1n~­

stars of E• .titminalU (Figs. 24, 25, 26 and 27), the details 

are plotted of only one side of each segmen.t studied• 

11~ l.ficroscopic or Proprioceptor setae. · 

(a) ·.The thorax. 

Pro thorax: Three proprioceptor setae are round 

on the prothorax. these are placed as tollowsa• 

(1) MXD1. This seta is the o.nly one of the pro-

prioceptor setae. to be found on the anterior section of a 

segment, ao.d is placed on the cauda-dorsal margin or the 

sclerotized thora.oie shield near the dorso-.median line or the 

segment., In the case ot the last larval ins tar this seta 

is identified with difficulty owing to t_he fact that numerous 

secondary setae obscure it. 

(ii} MV2 and Mv-3• 1'hase two proprioceptor setae 

are placed on the prosternum o.f the segment, MV2 being situa­

ted more dorsally truin·m3~ 

ltlsothoraxs Six proprioceptor setae are round 

on this segment, and· these are s:ltua.ted as follows:-
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S1 tua ted on the d.orso-anteriot• area 

ot the segment immediately anterior to D~. 
c;. 

(11) !!S_Dl and MSD2• These two setae are ventral to 

MD]. and immediately anterior to SPt lfSDa being the most caudal 

of the two. 

(111) .. ~w1 , MV2 and M\13• These three prop;r1ocep-

tor setae are round on the presternum of the segment. Ac­

cording to Hinton (1946) the most anterior and dorsally si­

tuated or these ·is !fVlt but in tbis case the ante~ior most 

of the three setae is set in line with the caudal seta .• 

Tbe writer has accordingly numbered the anterior most·seta 

MV1, ·the most ve:rtral one .MVJt and the most caudal seta MV2• 

· Metathorax; The proprioceptor setae on the meta• 

thorax correspond w1tb.th.ose on the mesothorax excepting for 

the f'aet that t.here 1s an addit.lo.nal MD seta, MD2, which 1a 

situated just .caudo-ventral to ~· 

(b) Body segments 1 ... 9. 

Only two proprioceptor setae, MOt and MV3, occur 

on ea.ch or the abdominal segments. 

(1) MD].. · Situated more ventrally in relation to . 

D than is the case ~1th the meso...:ana metathorax, where I>fi>t 
is situated immediately anterior to D2• 

(11} MV'3., On segments 1,.2, 7, 8 and 9, MV3 is 

placed antero-dorsally in relation to tne SV group.. On 

.segments 3 - 6, which bear prolegs, 1fi 3 1$ plaeed anterior 

t·o the coxa~ 

111. !he long or tactile setae.., 

XD Group. Tbis group, confined Etx:clusiVely to 

the pro thorax., consists of two setae only • In. tho tirst 

la.rval ins tar ot I• .:tetrminaJ:&t! only· Xb2 is clearly appare.nt 

since XDi occurs on a verruca. t·ogether with. seconda:ry setae 

wh1eh. ,obscure 1t~ · It:l the la,st instar there are so many 

secondary setae1 ••••• 



secondary setae, that neither or the XD setae can be clearly 

differentiated. 

Both XD setae are situated on t.ne anterior margin 

ot tb.a thoracic shield• XD.2 being tbe one placed .in the ven• 
" 

tro•anterJ.or corner thereof. On the thoracic shield there 

are two punctures, XDa and XDb, .situated caudally to the ver• 

ruea on which ~ 1s- round. These punctures, which .may 

readily be d1fterent1ated only .in the f'1rst 1nstar larvne, 

where they are not Obscured by secondary setae, are placed 

vertically between the XD1 seta and the o1 seta. XDb is 

placed on the line drawn between th~ verruca of xo1 and the 

DJ. seta, while XDa is situated somewhat more dorsally. 

Dorsal group. 

This group consists ·Of two primary setae only, name­

ly D]. and »2• In the first. instar larva it can clearly be 

seen that these two setae are pl,aeed on the th.ora.cic shield 

of tbe protnorax. In the last instar it is difficult to 

determine which or the setae are Dt and D2 since there are so 

many secondary setae to obscure the issue. 

On the meso- and tnetathorax or the first as well as 

the second instar larvae, these setae a.re bor.ne on two ver­

ruca.e, 'but they cannot be differentiated owing to the large 

number ot secondary setae also present on the verrucae. The 

;:;s:une conditions exist on the abdominal segments, except that 

the D setae, together with a large number or secondary setae, 

are rouna on a single verr~ca~ In this case the verruca 

together with its setae 1s denoted by the letter D. 

· su.bdorsal Group.; 

,Only ·two primary setae, SD1 and SD21 compose this 

group. fhey can be clearly differentiated onl.y on the protho• 

rax or the first instar larva, be.ing round. elose together 

ad3aeent to the postero•ventral corlft~r of the· thoracic shield. 

On the meso- and metathorax ot the first; and all three tho• 

racie segments o.t tb.e last inster, these setae; together 

with large numbers of.secondary setae, are placed on one 

verruca. 
( 

On the/ •.•• •·•-.. 
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verruca.. .On. the first to the elghth abdominal segments, 

howe<Ver, thes~ primo.ry setae are separated and d1s.tinct. 

SDl., together with secondary setae, i.s placed on one verru­

ca, and just ventr&l to thj.s 1 SP2 can be clearly seen as 

a small, isolated seta. On the ninth abdominal segment, 

as in the ease of the meso• and metathorax or the first in.• 

star larva, there is only ono verruca, d.anoted. by the letters 

s», on Which the presence of the primary setae is complete• 

ly obscured. by numerous secondary setao. 

l'..ateral Group. 

fhe lateral group is composed.ot ).setae numbered 

tl, L2 and Lj. Hinton (1946) states tha.t Ll and L2 are 

primary setae on the prothoraxt mile on the meso• and 

metathorax onl.y Ll !s.pritnary, L2 and L3 being ~nbpr1mary 

setae; on the abdomen he holds that Ll and L2 are primary 

on segments l ... 8, L3 being subprima.ry, l1h11e on the ninth 

segment all tbr~e are primary. 

In the caso ot &• . ~srmina.J.l§ thi.s group of setae 

is represented on tho thoracic segments, and the abdominal 

segments 3 to 6 as well ao 8 and 9; by one verruca bearing 

mnny secondary setae, which is. denoted by the letter IJ. In 

the abdominal segments 2t 3 and 7, however, the group· .is re• 

presented by two verrucae wh:i.ch are shovnl as Ll and t2 re­

spectively. 

Subventral Group. 

A.ccord.ing to H1I1ton (1946), two setae, numbered 

SVl and SV2, are untvarsally present on the prothora.x.. fhe · 

larva or E,. SprmaJwlia has only one verru.Ca. on tho protho• 

rax representing this group. denoted as SV. Owing to the 

nume:rous secondary setae borne by thi.s 'ti'erruca, it is not 

possible to distinguish the two primary setae. In this 

respect the meso• and metathorax · eorrespond •. 

In the first instar larva, this group is repro• 

senteel as follows 1n the abdominal segments:.. SV on 

segment one 1,s a v~rruon baa.ring either two or occasionally 

three setae;/ •• •·• • 
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three setae; . on segment two, the verruca sv may bear either 

three or occasionally tour setae; on segments 3 to 6, the 

SV verruca benrs a large number ot second.ary setae which 

contuse the issue; on segments 7, 8 and. 9 the group is re.:.. 

presented by only two setae which are d)\o.tad ·as SVl and SV2. 

In the ease or the last larval instar, the SV group is repre• 

$ented on e~ch segrr~nt by one verruca ·which bears a large 

number of second~try SE:ltae • 

· Ventral group. 

In the f.irst larval instal";, this group is repre• 

santee! on the thoracic segments by a single seta, Vl, which 

is situated ventro•posteriorly in relation to the coxa. 

I11 the first, second, seventh, eighth and ni.nth abdominal 

segllle.nts, 1t also consists ot a singJe seta, Vl:; which is 

situated ventrally to the SV group. In the third. to the 

sixth a.bci'om1nal segments, which bear prolegs, the setae be""' 

longing t·o tho V group are completely obscured by the se• 

eondar.)' settlG present on the coxae of the prolegs. 

In the last instar, Vl appears in the thoracic 

segments on ,a verruca bear; .. ng two secondary setae. In 

thG first and second abdotni·nal segments the verruca bearing 

the Vl seta .. has also 3 seconciery setae, v.ilile in segments 

seyen a.nd eight, '·t has 2 soc,ondary setae with Vl. ~h@ 

ninth abdominal segment possesses a verruca bes.ri.ng Vl plus 

one :Secondary seta,. 

Additional seeon.dary setae, Which are not situated 

on verrucae; occur in both first and last instar larvae, 

·ana are also charted in tlie setal maps .. In the first 

place these occur :ln both instars on the anterior section 

or abdom:tna:l segments 3 to 7, anterior to the MV) seta. 

Secondly they are to be found. in the area between the dorsal 

verru,cae on the second and third. thoracic· segments and. all 

the abdominal segments or the last instar larva. 

c~ Setal types/ ••••• 

\. 



c. §.etal tnes and colour&tion. 

(a) First 1nster larvae. 

Onlr two types or setae occur on the first 1nstar 

larva, both of which are of variable length. 

Fig. 28. 

Setae tro:;, the 

first 1nstar 

larva. 

The first type, which includes all tho proprio­

ceptor setae, is trpicallr spiculirorm (Fig. 28), and occurs 

both on and orr the verrucae. i'he second type is spinere­

rous spiculirorn in structure (Fig.z~) and is found onlr on 

the verrucae themselves, mixed ~ith the spiculiforrn type. 

The setae of the first instar larvae are or a 

general drab bror.n-grer colour. 

(b) Last instar larvae. 

Six differing types of unicelluler setae may be 

differentiated in the case or the last 1~tar larva or 

i• term1na1is. These are as follows:­

{1) Poisonous sete.e ·(Fig. 33). 

These occur on tho dorsal and subdorsal verrucae 

of abdominal segments 2 to 8 ot the eighth instar larva. 

On tho dorsal verruca they are placed evenly and closely 

together but on the subdorsal verruca are found onlr on a 

sickle-shaped patch, constituting approximately rrom a 

third to a halt or the total area or the verruca, situated 

along its dorsal edge. 
In instars/ ••••• 
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Various types of setae found on the last 

instar Eupr~ctis terminalis. 
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. . . . _In instars 2 • 7 poisonous setae are found only on the dor• 

sal verrucae of the :first abdominal ·segment. None are pro-

sent on the first inst.ar, except for loose: ones carried away 

from the egg masses. 

In colour the poi.sonous setae are dark olive buff 

whe.n viewed inditriduallJf. when closely packod toge.ther on 

the verruca, they give it a da%1<, blaoki~h, velvety appea.• 

ranee.. i'h& 1ntegu.tnen.t between the dor.sal verrucae along 

the dorso...:median line·, is coloured yell-ow-orange, but that 

section lying betvreen the dorsal verruca ot one segment and 

that ot the next, i.s coloured black, · In view of the tact 

that the poisonous setae blacken the dorsal verrucae them• 

selves, the larva in consequence appears to have a dor.so­

med:ian stripe o.f orange, bord.ered on. either side by a 

black stripe, along the full len.gtb of the body, 

The properties of the poisonous setae are dealt 
\ 
\'tater. 

with in detail~elsevrho:ro in. th1a publication. 

(11) Normal spiouii.torm setae. 

Spicul.iform setae of 'variable length, such as 

described over th~ whole body.of the last instar. 

(iiO Spiniterous sp1culiform seta.e. 

In the eighth 1nstar tour types of spi.ni.ferous 

.spieuliform setae may be d1ffer.ent1ated, the main diffe• 

reno~ts between the$e being colour and the dens~ty or spines 

o.n the setae. 

Type (1) is formed by- white setae carrying the 

least nn.mbe:r of spines. This type occurs on all the ve:r ... 

rueae of tb.e second nnd third thorac1e segments,· and on 
' 

the dorsal, subdorsal_and lateral verrucae of abdomi.nal 

segments 1 to 9· In. a low pereent.age or larvae this type 

or seta may be :pale brown in colour i11stead of white. 

(Fig,. 29),!. 

Type (2) . setae are coloured mouse grey~ carry more 
; 

spin~s on them than do-Type (1), and ooeur on. all the ver• 

rucae of' the first thoracic segment, between the dorsal 

v-errucae of the eighth abdomina~ segment, and on the dor• 

\. sal and subdorsal/ •••• • 
' 
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~ ab4 sUbdorsal verrucae of the ninth abdominal segment. 

(Fig, 30), 

The setae belonging to Types (1) and (2) together 

constitute the long setae or the larva, while the two types 

to be described below are much shorter. 

Type (3) setae are orange in colour and bear more 

numerous spines than do Types (1) and (2). They occur 

only on the dorsal side or the dorsal verrucae ot the second 

abdominal segment (Fig, 31). 

Type (4) setae are all short, all have a squat 

appearance owing to the dense mass ot spines they bear, 

and in colour may be either orange or white. They are 

found on the lateral edges ot the dorsal verrucae (Dl and 

D2) ot the third thoracic segment, and also on and between 

those dorsal verrucae ot the abdominal segments on which 

poisonous setae are present. (Fig, 32). 

d. The po\son htd.r ot EllUt~~ia ~etqd.nalis. --
B.Y virtue of the toxit nature or its hair, the 

larva of I• tetmigalia is probably the most obnoxious larval 

pest in South Atrica, since it occurs in cultivated plan­

tations where it constitutes a continous hazard to those 

working 1n these 1ntested areas. 

The first symptom of contact with E,. termiMli~/ 

is a severe itCh on the neck or other exposed parts, wb~e 
v// 

. ~/ 

clothes rub against the skin. This itch is toll~d by ,-·-· 

swelling or the infected areas. 

Fig. 33· 

The urtication is caused by minute, sharply pointed, 

barbed hairs, (Fig. 33) which vary 1n length from 
• 

0.07 m.m.l ••••••••• 
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0.07 m.m. to 0.2 m.m. with an average length of 0.16 m.m. 
' 

i'he hair • which tapers from the distal to the proximal 

endt is .covered with barbs, two or three at the distal end 

being slightly longer than the others • fbe hairs which 

are light brown in colour and somewhat transparent,_ are 

capable of penetrat.tng ·clothing and cau~tng dermatitis. 

1'h.er mar be carried by the ·wina tor a distance of as much . . . 

as three m.i.les. This mGthod ot distribution was clearly 

demonstrated· in 1936 during the aerial application. ot 

insecticide$ to ths Jess:tevale plantation. On this occa• 

s1on the personnel . in charge ot ·the ·:landing sti'i.Pt which 

-was situated three miles t;oom the nearost I· tetm1na.3.u 
wa~ atfee+ed 

1nf'esta.tion, ste.Pted lta!ng eveti befo're operations beg&!'lt-

although they .bad. not been near the plantation. The only 

war to account tor this was that there was a strong wind 

blowing ·at the ttme from. the direction of the infested area• 

which carried the heirs to -the landing strip. 

In tho 2nd to ?th instar the hai-rs grow fltom the 

two subdorsal verrucae, situated on the fourth segment. 

In the last instart however, they occur ·on. tbe 4th to 11th -

.. segment on the two subdorsal verruca.e and. also on the two 
. ' 

lateral verrucae located on .each side, adjacent and just 

lateral to the subdorsal onest (Figs. 29•32). 

· fhese hairs are very loosely attached and cover 

the verrucae so thickly that they ~g1ve them a velvety 

appearance.. On the adult larva as marJ3' as 709;300 po1ao• 

nous hairs haVQ ·been found clustered together on the 

verrucae ... 

-'· ) 



fig. 34. 
Enlarged subdorsal 

verruca. 

... •osm.m· 

Eig. 35· 
Portion of verruca show­

ing the minute papillae, 

Each verruca.· consists of minute cupshapod 
' 

papillae, (Figs, 36 & 37B) Which are formed b~ the exoou-. 
ticula, and are slightly darker than the surrounding cuticula, 

thus giving the verrucae a speckled appearance. (Fig. 34). 

In each papilla thor~ are an average of 7.6 openings 

(maximum 14, minimum 2) in which the hairs are situated, 

and just under each cuplike papilla there is a much widened 

pore canal which connects it with the poison gland. (Fig, 

378). In this connection it is of interest to record that 

detailed studies on larval glands and their attachment to 

poison hairs were carried out by Kephart (1914) and Gilmer 

(192;). 

Gilmer (1923 and 192;) made an intensive study ot 

the various t~pes of poison hairs found on Lepidoptera, He 

states that the reason why this typo of hair remains 
• 
poisonous tor long periods, oven after ecdysis, 1s due, 

largol,., to -the tact that the venom is not a true secretion, 

but that the cytoplasm ot the ~land functions directly as 

the toxic agent, and that the dried remnant w1 thin the 

hair/,,,,,,,,,,, 
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hair lumen may retain its efficacy tor a long period. 

In the case ot ~. terminal1e the writer has round 

that the hair remains poisonous tor up to three years and 

possibly longer. 

•OOSmm 

Fig. 36, 

Dorsal aspect ot the cuplike 
papilla. 

Hase (1939) round that the hairs trom 

4hawpetonoet were still able to cause irritation after 12 L a,. 

years. AI a result or his experiments be came to the 

conclusion that there was no poison in the hair, but that 

.the 1rri tat ion caused was purely mechanical. However, 

judging trom the work done by Gilmer (1923), Base's 

technique would not have destroyed the poison in the hair, 

and it is thus doubttul whether Base's conclusion. about 

the poison being destro,red were correct. 

Tyzzer (1907) was the tirst worker to point out 

that the poison trom the hairs ot Lepidopteroua larvae has 

a def1n1 te effect on blood. It the hairs are brought into 

contact with blood, they have a strange effect on the red 

corpuscles. The rouleaux are broken up, (Fig. 38) and 

the red corpuscles become coarsely crenated. Subsequently 

the corpuscles decrease in size and the coarse crenations 

are transformed/ ••••• 
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are transformed into slender spines, which thereafter rapid• 

17 disappear, leaving the corpuscles in the form of spheres . 

8 

• Section through the sub-dorsal 
tubercles and the lateral tubercle~ . 

he writer studied the eftects of introducing 

- • XR* m;.•iB++R hairs into blood Of VariOUS persons t and 

found/ ,, •••••• 
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f"ound that in some cases the rouleaux broke up instantaneously, 

where 

effect 

in others, up to 60 seconds elapse 

• ttl the writer co. 

tare the s 

these 

tud.ies S year o it took 60 seconds for his blood to 

react, but at present it takes only about 10 seconds. This 

s with the findings of Car.tre.y (1918) and Gilmer (1923) 

in their study ot the "range" caterpillar, rnatu.l.+""'"CI 'lc+J+Sh 

They round that the susceptibility to the poison increas 

trom year to year 1n those who are constantly exposed to 

1t. 

1th E. terminalia the reaction alwaYs begins at 

the sharp basal point of the hollow hair (Fig. j8). In one 
Q\ 

instance, when an air bubble was accidently formed round 

he sharp basal point of a hair in a blood slide, the 

1 ter observed no reaction on tho bliod corpuscles. After 

iM the a1r bubble, however, the reaction commenced as 

usual. 

l1g. 39. 
Distinct swelling on the skin cause 

by the poison hairs. 

ltl ••••••••• 
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It 10• ot the poi1ono1111 hair1 are rubbed on the 

11dn1 an 1 tehing and burning seMation is experienced 

within six minutes and this 11 10011 followed by a distinct 

1wellinc. (F-ig. 39). Thi1 nellina remaina paintul tor 

about seven hours, after whioh it llaT subside 1 the itching, 

however, 11187 continue tor 24 hour1 or longer. Ot the 

numerous oa1es th~ rwfi ter has 1tudied the reactiona -varied 

in each case, a'?me indiViduals 1howinc practicall.J' no 

8)'11Ptoma at all. 

Janr remedial have been tried to soothe the 

ltchinc caused bJ' the hairs, but the ._...,w:,i~e, •• lead 

.._.a strong aolution ot &~~Enium bTdrox14e applied 

externally appe&rl "o be the oaly one to han aJW erteot. 

!hia aar••• wtth the tindlncs ot Gi~r (192,.) 1 Damel.J' 

that a 1tronc alkali dis1olYe1 the dried protoplasmic hair 

contents, attar which the hair I were toUDd to be non­

irritant. 

Althoqh the poison hail's are found arowinc only 

on 2nd to last iru~tar lanae 1 the pupae and 110ths are 

covered 1r1 th detached hairs deri nd ~om the larval at aces. 

In apiDniDI it '• ooooon the lana rub1 the hair 

" ott ita bod7 and these are interwnten into the looael.J" spUI'l 

cocoon, thua llakinc this atage the moat dancerou. one to 

handle, trom the point ot view ot skin irritation. 

When e•rcinc trom the cocoon} the 110th becomes 

ooyere4 w1 th detached poison hair, larce nUIIbera ot thea . 

adheriq to the lone hairs ot the anal tun, thua alao 

ren4eJtinl the •11 stage obDOXious to handle. 

When the larYae hatch? they crawl throQih the hairs 

cover1nc the egg maas, aDd thus thq in their turn beco• 

contaminated. 

It ia only when they moult tor the first tiae 

that they ahe4 these old hairs with the.ir akin, but at 

this stase they develop their own poison hatra. 

Proa the/•••••••• 
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Fro. tb t e. 
oing t 11 b nt th t ·p t no 

t ot dev 1 p ant is ~ . t rr e o olson h irs . 

In Vi or this , th stud of this in .ct is re ely 

d1ff eult on , ince the ut 0 t 0 b taken and du 

p ec ut ob rved hnb dl1n of th t ge r o 

t dult . 

e . 

A co p ollect d 

r . d ttfr nt 1 nt tions . A ho d that larv e fr L e.. 
dift r nt c l i ti xh1b1 d d1 tinct ol ur variations, 

and it t t1r t tho ht that or· th on sp cies 

might b re ponsib tor the d ge . icro co 1c exa ina• 

tion of th ski f the 1 vae, ount on slides, 

1ndic t· • ho v r • th t hi w s not th e a th t 

t d1f r nc 1n th col ur tt rn in no corre · 

lat d it nr orpbolog c difference • 

It 1 1 kno th t v ri tion in h colour 

p tt r cour 1n o i e e1 s, th ries 

v no d t account tor he , or 

ur (1 3 , 

Ol' t th 1 C 

tha with locu t s nd my 

d d n 1ty of popul tion r unit ea 

ea.u typic 1 o lour eh u t 1ncr s d ctivity 

ot he clo ely oro 1d ind1 vid 

In th e se or , .v.x.~IIUoUi~iolilo• h w ver, n c lour 

cha e ttr1but bl t o opulation d n~ity could be ob­

serv d . Glo r' rul (G or 1953) dem n tr t t t in 

th arm and h id rt o£ the r n e or a peei , indivi-

d l cont in relativ ly or 1 nin. R ddi h 1 n1ns 

pr vail in 
orid 

ons and th bl kis 1 1n1 hed; 1' r 

in v ry cold r th on s lso r uc d . Thu 

from t h tropics t t ret c, mber or gi n ci a 

ould b exp ct d t aTy fro r edo in ntly y 11 • h or 

ddi h , hrou h b ek to t • 

ob n ky (1933)/ • • • 
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Dqblbansky (l933) found that in the lady beetle, 

Adonia var1egata1 there is a definite coloUl' variation 

between the b tles trom the different geographical areas. 

I t was found that the colour pattern on the elytra varied 

according to the temperature and humidity vari ati.on.s. 

Aa. the temperature and hum1d.1ey decreased, so more and 

m.ore black spotted individuals with more and more black 

spots were found. 

In the ease or the Lepidopteron Arak,Jini& ).eyana, ~ 
+Qund 

and the wup Hibrpbraegn 1t was eeeft that only temperature 

had an 1nf'lu.e.nce on the colour pattern; whereas in the 

Lepidopteron; Hestipa assilJ13;11p, humidity was the main 

factor in determining the colour pattern. (Wigglesworth 

1939). 

A study ot the climatic differences between the 

various geographical areas in hioh i• termiQAli§ occ\lr 1 

1nd1oate clearly t hat temperature is the main factor 1n 

dete:rmininc the colour var1at1o.n ln this i nsect. 

An examination of the specimens c llected trom 

.ons, Belfast, J'essievale and S 1tzkop plantations (tigs. 

4 0-4)) reveals the fact that black melanin is more preva­

lent in the caterp1ll.ars f!'om the 1~ons plantation where 

the coldest conditions prevail. As the temper ature rises 

in the Beltast and Jessievale areaa,there is an increase 

in the orange-yel l ow eolouration until in specimens trom 

Sp1tzkop, where the temper ature 1s highest, the orange• 

yellow melanin predominates. 

_ ' Gorr~lating the colour variation or i,. term1na­

l11. with temperature differences, .it may l ead t o conf'usion 

it only the temperatures or the pl antations' in which th1s 

insect is at present tound 9 are eona1dered. It is 

necessary to go deeper into the matter than this and take 

into consideration the t emperature. in the nearest indi­

genous shrubs and forests trom which i· tepa Mlia 

originally/ ••••••• 
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or.iginally 1grat d i nto the cUltivated plantations . 

It we leek at t he cross•section map of tbe various 
i:, studied 

areas (Fig. 44)"the pi cture bee mes much clearer. 

( 1) Ions Plant at !on, 

Here the cul t i vo.ted plantation and indigenous 

host !ants are both found at the same altitude and on the 

s.a o slope ot t he mountain range. There is 1 therefore, 

no temper·ature di f f erence between the areas occupied b7 

the host lants and that occupied b7 the plantation, where 

black melanin is found ·t o be the pre"'a111ng colour .• 

(2) ~4t§st P1antot1on. 

This pl antation 1• situated on the open high.• 

veld at about the same altitude a• the ona plant.at1on, 

although the aver ge temperature in this plantation. 18 

slightly lower than that of the Ilona plantation. In sp1te 

of this ho ver, the larvae exhibit a lesser amount of 

black melanin. This can be ex.pla1ned b1 the 1'aot that 

t he nearest indigenous host plants from which l• tgrmtnalia 

could have 1grated to the plant t1on are situated about 

1 , 00 teet lower in the sheltered valleys where the anrage 

tem ernture is higher tban that prev .111ng in the plan• 

t at ion. 

(3) Jgssieyalg PJ.antatiQD. 

This plantation is situated at a lo er alti­

tude than the .Belfast Plant ation, and ith a higher average 

te. er ture • The area tro which j., termi,nalia must have 

!grat ed tro the natural host plants to the plantation is 

also approximately 1, 00 teet lower than the plantation 

itself , and torms a portion or the escarpment bet een the 

armer low veld and the colder high veld . Here t he l arvae 

exhibit less black melanin than those in the Belfas t plan-

tation . 

(4) S itzkop Plant tion/ •••• 



(4) Sp1tZkop P],aptat~sm.. · 

This plantation. is situate~ at nearly as 

'high an altitude as the Jessievale plantation and the. ave-

rage temper· tura is Eilightly higher. It borders the true 

escarpment between the highveld and the hot lowveld. The 

indigenous host plan1;s are found all along the escarpment 

and extend down into the hot lowveld. In the larvae 

from this plantati n.
1 
the· orange-7ellow melanin predominate• 

over the black. 

A stud7 ot table 6 indicates whJ it would be mil­

leading to t ake only the tem erature conditio s prevailing 

in the plantati ns 1uto consideration without refer ence t o 

those areas trom which t he insect ldgrated, to the cult!• 

vated plantations. It will be seen that the average 

temperature at ons :ts higher than that at Belfast, the 

larvae fr m the last named area , however, contain less 

black melanin than those rrom Mona. 

p 

·.ean average 
Temperature °C 13.33 12.44 

faximum ave-
rage Temge­
rature c ••••• 

MlniliWil ave­
rage Temg~-

Tf1ble 6. 

13.88 

20. 06 

Tem eratures prevailing in the various 
plantations. 

2 . • 72 

0 

The colour is probably an inher±ted tactor which has been 

acquired through generations and is influenced mainly by 

tempe·rature. In the case of l• term!nplis 1t is not 

considered/ ••••••• 



cou1dered that hum1cl1tr 1a the leacliq role 1a 4eter-

a1nin& the colour pattern. Itt til1a oonneotioa, hovwer, 

it 18 worth)' ot unt1onlnl that Allee et. al. (1~9), 

stated that a · their opWoa, hl111141tf 18, 1ft .,,t caaea, 

the taetar IOYerniDC oolou:r Yar1at1ona. 

t. lg to tb• 1ane1 'nder•· 

7q 
,) 

!his k.,- baa been worked out to enable d1tterent1at1oa 

between the ~ar1ou lanal iutars ot 1. '•11•1ia. 
' .. 

A. (1) Lanae ~-7 -11 (i 2 •·) 
and ot a Ul'l1tora oolou ••• •• Pirat 1natar 

<1'11. ·a.s> 

B. (1) A\/•••••••• 



D r al as et of first in t 

0 1 
I 

mm 

larva . 

2. 
I 

L t r 1 speot or seeon 1 st r larva . 

/ 

0 1 

m . rn . 

Fig . 47, 

Dor 1 asn et or econd nstar larv • 
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( ) 

'the atta11ea em this tns 

auly c , the lan ... contilled 1 c s em 

tol1at branches ot 1ft pit or 11 

preea.ut1orua aken, 1 t illpoe 1 l .e o k · e · t lanae 

Oll th toll • Irwar1 bly tbeJ ol1abecl down .en4 

CJ'awl a IY hoa the,1r n11 tooct 811J. ~ o dte o.t 

stan tlon. · tt • e to c l'lt1n the lanae 

on toU 1 bJ band1"1 :ne es vi th taacl toot t 

but tbe7 17 crawled 1ft o 8 dUd ther • 

the us ot eleeu1c1t7 8 · oba la ot to pret t , 

such at1on pr.~ecJ o equallr abortl't'e• 

lt a tb JJ 11 tbat tbe lanaa lL ~ 
voulcJ hlr\fe to c0flf1 on to11ac o 1k1 tJ' a, 

t • c .... to 0~ auah me that the 1 acta ·ooul4 

eoll't1n 117 be kept unde o aenat10tl.. Attu Yarious 

t ea of o es. had en tea er ent 111, th 

followinl two, to ·be deect-1 lov, e to to be 

the ••t • t1 hotor7. 

fxpt I-. eac fteloped in lllh!cb 1 ge n be's ot 

ltnae could be r..- ill. !sol tion h thek ar 1tea 

t~ v. r1oua· studies 1ft t1aur 1n naur lt-9. It consists 

ot reotaqul.r ftaMWrk, the top and thl- a14 · or 
tdlich e v09ere4 o. trlth oraand1e. !b.e on sid is 

cowered v1 tb a sheet ot Per ap %' to e as a viado 

throuah vbiob oblena.tlona oa · be ta en. !he s is la­

cOYer v1th "Per d , and 1a the lllddle . ~ ope1'liq 1a 

cut _, tbrouch which the 11 tJtee us y be 1n881"ted 

into the o 1 • A al.Ht'e ot orcaadte, pro3 ct1 . Clown-

wards f"ro the openinl 1.11 tbe base, sun-ounds the tre 

truak to ~leb it is tigbtlr t1 at the 41atal and to 

naure tbat there 1a no aceess to and trowa th cace. 
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"'" <J The cage i1 4l'awn over the tip ot a branch t the lower oraand1e 

sleeve ts tightl7 tied to ~he atea ot the 'branch to aeal ott 
I 

the bottom, the requiaite nwat.r ot 1~ae are placed on the 

foliage ill the cage• whereatte,. the top eleen 11 tied ti&ht• 

17 to aeal ott the upper end. the cage is kept upriaht in 

a rigid position bJ bindtnc it to a stake iraserted in the soil. 

A third tne ot eq·e (P11• 102) 1 uecl •1n17' tor 

studiea on the MtS•oru lal'ftl parasite ot I• $tWpeli•, 

11 deacr1be4 1n chapter Vlll. It consiata ot a oellttloicl 

cylinder tittinc exaotl7 at either end into the upper or 

lower halve• of Petri d1shea. OnlJ in the oaae ot e~lJ' 

inatar larvae -.. this type of eage used. As eoon al the 

larvae were larcer, they were plaoecl tn the Type 2 eage 

described abon. 

As aoon as the larYal ·develop•nt in 1d\e eac haa 

been completed, the caterpillar amerces ~oUCh aQ trrecular 

shaped openinc which it eata ~ouah the 1hall. !he newl.J' 

hatched larYae do ut leaTe the ecg· ma1s from which thq 

emerce until. their tirst aoult. fheT re•1n on it, tee41q 

on . the egg shells • J>urlnc this per led ther are eontinuoual,J 

1n contact w1 th the hairs oonrtnc the e11 maas, w1 th the ~ 

sult that their bo41ea lte~ome c<m~recl thernith and han, in 

consequence, a ere,., woollr appearanee. (Pic. Sl,) 

It newly hatohe4 larfte are 1-.dlatalr reaoved 

from the ''' -.ss and are placed on creen leave a, th•7 do no' . 

teed. at all. Onl.7 attu their fir••· aoultt when the seoond 

inatar has been reached, do the laryae co~nee teecl1nc oa 

areen toltace. (Fta, ,.2). · 

Lammerat (Wigglesworth 1939) 1tate1 that the TOlin& 

lanae ot Eggqt11 qhrr••Qlhot• are .Mrkedl.r poa1t1•el.r 
t~e:::j 

phototactic betore"commence teecl1DI,. 

Fig. fll•••••••• 



kins r the 
i. st r 

1 y e n st lar a re di on 
th r 11ae of P. pat'1 • 

11 ht has no ttrac i n 
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pos,·t; ve phakt1"o pis 1'1"1 

this trait !n eT:t:dence. I mmediately after their tirst 

moult the larvae move in the direction or the most intense 

light, with the r esult that ther normally converg$ on the 

tips of tranehes in mongst the youngest leaves. (Fig. 5'3) . 

Here they feed and grow until the second moUlt takes place. 

In cases where the female oth depos1 ts 1 ts eg s 

on the trunk f the tree , the survival of the 1 e will 

depend on the distance between the egg mass trom which they 

hatch, and the nearest foliage. After hatching, the larvae 

remain on the egg mass until their first moult, hereafter 

they crawl up the trunk. Should the trunk ot a Piny tree 

be cbvered with very r ugh bark, the larvae are unable to 

move very tar; on the old finU§ P&tu1a trees, however, the 

bark is c par tively smooth, and in such cases 1t has been 

established by banding the trunk with "tanglefoot" that the 

larvae ean climb 20 t eet b$tore they succumb trom stal"Yation. 

In the section on the habits or the moth it was shown that 

most ot the eggs are de os1ted 1n the oro~ ot the treea, 

and the majority of the larv·ae have not to move f ar 1n their 

second instar to reach foliage. 

Imoediately after the second instar larvaehave 

moulted, they lose their gregarious habits, and e ch one 

aves, !eed and developes as an individual. 

The young larvae are frequently obser ved to hang 

suspended trom ~ranches by means ot silken ' breads. By 
c.. on 

doing so, they a•• enabled te contact branches at lower 

levels, or t he wind could p s .si bly awing them across to 

adjoining branches where r od is avail ble. This way ot 

moving trom branch to branch is difrerent tr m that in 

which young larvae on a long si lken thread are dispersed 

by wind, as tor i nstance in Aganthopsxshe 3unod1. 

denberg 1918.), 

(Har-

The older larvae of • ter;1n'*1' also frequently 

make use of silken threads to ove to new feeding sites, 

hen the branch on hich they are situated is com letely 

defoliated./ •••• 
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defoliated. In casas here t hey are descending tr m the 

lo~st branch s, they lower themselves tor c nsi derable di•• 

tanees and then remain suspended, thus making it possible 

tor the wind to sw ng them in pendulum fashion across to 

adjoining trees. 

Attar the larvae has been suspended on its thread 

tor so e time without finding new tood supplies, it will 

nee more climb up the thread to the branch from which 1 t is 

suspended. This it accomplishes by working the thread into 

a ball between its thoracic legs. ~en the ball becomes 

too unwieldy, it is shifted towards the rear, and a. new one 

is accumulated. In this manner the larva has been observed 

to climb up the thread at a rate or one foot in twenty minutes . 

N8nJ larvae have been observed to lo0se their toot­

hold in the t~ees, most frequently when they sever a pine 

needle at a oint proximal to their position on it. In 

some such ca~es, the caterpillar will remain suspended 1n 

the air on a. thread and regain the branch in the manner 

described above, I~ it talls to the torest floor, it will 

crawl until .1 t encounters a tree trunk, and then try to 

reach the foliage. 

{c) MolJ].ttnc . 

As so n s s a larva is ready to moult, it spina 

a silken platform on hich it takes up its position with 

the crochets of the prolegs hooked in the silk. The skin 

then splits open atter a time along the dorsomed1an line 

or the thorax, and the next instar emerges. I t a larva 

wh.ich is due to moult, is removed trom its silken platform, 

it ex erienees great dif:f'1culey in shedding the old skin. 

This is an error readily made .in the · laboratory, especially 

when. dealing with early instar larYae, which are then unable 

to get rid or the posterior section ot the cast skin, and 

eventual!,- die. 

(d) Hgst plan~• and teedipg habits gt ,E, tarminolia. 

Although l• term1nal11 is indigenous to South 

Africa/ ••• 
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Af'riea 1 pr ior to 195' t here wer e no data available concer ning 

the natural i ndi g nous hos t pl ants n which the larvae sub· 

sisted. The main r eason t or this was t he f act t hat t he 

insect only r ecently has be n r eco nised as a pest. 

By coveri g vas t ar as i n the distributi n ar a 

of • ~erminaJ.1s and examini ng meticulously the flora f ound 

therein f or t he presence of • t erminalis the writer suc­

ceeded i n discovering eleve i ndigenous speci s of pl ants 

on hich the larvae f eed 1n uncultivated areas. (Fig. 5'4) 

These are:-

A. 

B. 

c. 
D. 

E. 

F. 

a. 
H. 

r . 
J. 

K. 

Gxmnospor1a albata C .E. Br.) Sr m. 

Acacia cattra (Thumb.) ild. 

Zili phus mveronata • ild • 

pombexa pglsh:•· N.E.Br. 

Solanwp giganteWp. J'acq 

Tricalxsia .lanaeolata (Sond.) Burt Davy 

Bmll. teh~p~nniana. Engl. 

li• moidea. Burch 

li• .slm:a• Schonl. 

Qymnospgria Pnd•ta. (Thb.) Szyz. 

BncWlAena $ronayaalans ia. Phill. and Schwe 1k. 

Alth ~gh these plants are widely distributed over 

vast areas ot S uth Afr i ca, even in some areas trom which 

l• tgtm1nal1s has not hitherto been recorded~ they make up 

a ve.ry small portion of the flora found in the distribution 

area of l • ~erminalia. (A~ocks l9S3), 

In ost cases the larvae attack their natural host 

plants from the under surtaces of the l8 aves, where they are 

sheltered from direct exposure to the sun. During the 

survey it was not ossible to spot the insects from above 

only; to spot infestation, it was frequently noeessary t o 

bend the branches so as to expose the l ower surtaees or the 

leaves. 

Fig. S4./•••••••• 



. Indi enous host plant or • terminalio, 1nd1c tin 
the damage done to them by the larva . 

A • 
• 

c" t!!!IA~illollo1ill- ... ~...-..... "!'! 

D • ~~""-"~ ~III.J:olj~ 
E . ~~~ ~ap.-oa::u 
F • ..::.a.-.ar.~~...,.llit ·~~~~ 

• r. 
J . ~~UII.!~.-.a ~~llit 
K. 

Szyz. 

• 55./ ••••• 

c 
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Typical r ere E. ter - 1 · s 
found on its indi nous host lants . 

c n b n ted in !1 ure 54 F o, th young 

larva f d only on the pi er 1 of the leaves, h re 

the older larv chew thro h the whole le ves of variou 

85 

t the le r is never uch that it drop • 

L . consumes th leaves or the host pl nt 6? 
se, result that th y dro off . (W llen-

stein .§! 1 1942) . 

It is not clear hat f ctor c us d • 
to itch ver f'ro it natur 1 ho t lant ... to lantati 

or xotic tre s . ocent ithout doubt ttr cts the moth 

to plant ti as th roll 1 ob ervat1 ns 

ho : 

the oths flying around the trees p y no att ntion to him. 

I t ho ever , the person has climbed in nd out a t tr e , 

and in doing so has ooll cted resin on his kin and clothing, 

th moth ill circle ar und d actually fly against him. 

Thi ph no non has been observed nd frequently tested 

usin d1ff ent p r ons ctin as uine pigs . This 

ttr~eti nor moths by -hn~ n cau extre disco rt to 

th l ttar, as the moths r cov red 1th lo s toxic hair , 

hich rr1t t th kin . 

Fi • 56./ ••• • • 
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The xotic tr p r nt in outh Af io on ch 
been • 

~ . ~~~~.a-larva hav • cord d to t d e the olJ ing • 

in large 

numb hich ar n ccasion co~plet ly de oli t d , 

Sohl. and Cha , 

chl . and Ch • 
D. Don. 

• S eo1es/ • •• • • • 
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B. Spaoiaa ·on which I· aarmiuly QCC\Itl but not 

in larse number a. 

1. PiDJII Rinf•t•r. Sol .• 

2. Z· lppc1(gl,ll• Roxb, 

3 • 1.• tan• • LJ.DD.. 

•· .f. FD't•w• Lob. 

s. z.. p••!Jdp•t£pbJ11 L1Dd. 

6. Cppr1••u )anthee1 Endl. 

7• Agy1a Fl11•tM WUld. 

s! Nrsu ,W. 
9• -·lnQI NJ4eW P.v.Jf. 

10. Mast• •1•nmlon · WU14. 

fhe -.nner 1n which the 181'fte attaek the broad• 

leate4 .epeciea in the lilt aS.ven aboft, oo:r:reapol'lda 'tdth 

that obaernd in the oaa• ot the 111dlaenoua hoat plaDta1 · 

'but the IIOde ot attaok on the needle shaped leavet ot the 

fiRV spp • 41ft era eoulderably. 

Ow1nC to the taot tha' the plM nee4lea .re ao 

th1a, the leat 11 aeYe.-ed at the firat bitea of the older / 
i 

larvae • and the te1'111Dal aeotion dropa 'to the tore at t1~.~ 
I 

!he result te, that in an 1Dteate4 eoapart•nt the ~ aroun~l 

below the trees 1a carpeted with pteen pine needlea. ~~. 
. . . . \ I 

tona an eaq ibdlea,ion to deteQine whether lanae .,.. 
I 

aet1Ye~ tee41nc ln a vee. A aeoond 1utar J.ana ' ii too 
. ! 

amall to aenr a pine Detdle eGD~pletelJ' aDd ole~, 1nat 
taba deep 'bltea out ot it. (Pic, '2) • ~ needl~a ao 

treated will sooner or later drop aa wll, 
there.tore . 

!he laJTae are itl ee•e..-.e edremel.J' •at~ 

t .. dlrl 1n pine pl&Jltat10DI t aJl4 U ,. ease Of SOM npa 
app •. aeYere 1nteatat1on .. sulta 1n coaplete detoJation. 

!he avera&• lencth fll the tel'lllnal aeettoDa ot 2t707 
1

PiM 

Me4lea which dropped to the tore at 1ber aa a reaul t ot 

larYal teed1ng tn a tree o.er a period o.t 24 bou.ra, waa toUDd 

to be 71 •~t !o 'hia waatage ..,. be added the ltaaal aee• 

tiona ot: the needles re•1nil'll on the tree ·whioh are conau.d 

"''···· 



88 

larv • 

th 

l! e 

pp 

t o11 

ated . 

22 

20 

20 

t 

1 to c (1 S'1 ), t vor 

le ot • 1 • (?. ; tnfti''UIJH!!) . 

t 1 r1 

t 1 

tt ck d, 

tor calc 

' 
d1 

le 37 .3~ drop to h 

--fAE:CAL PELLE T S 

t 

---- --N EED L E D ROP !10 

10·00 11·00 12·0 0 '.3·00 
lHlO 15·00 16 ·00 17·00 18·00 19·00 20·00 21 ·00 2HXl 23·00 2~·00 01 -00 02 ·00 03·00 0400 OSOO 

1-t 0 U R S 

counts 11 t d 

J s 1eY 1 1t 1 t r 

d e t o the pl nt tion tr e 1 occur t e dot 

toll ot ber, dur r1 nr 

tluahe • ur n th p ce 

1 t to 1rly U1 d 

1 per1o4t t .. att eoted 1e ve 

In el . 
tt tou.nd t t 1. e ·t 1 

/ ....... . 



• 
CT 
{f. 

c:: 
0 

6. 0 22. 88 
l . ; 28. 0 

2 · ' 25'. 39 
22~; 3·?S 
24. 0 48.6 

23.5 72.9 

3·' $ .16 
2, 0 sa. 

21 . 52. '16 
9.75 $2. 3 

1 . 25" 2,. 4 

17. 0 31.31 
16 . 25'. 19 

• 0 

15.0 . 4.5'5 
7.5 16.31 
6, ; 15' . 

15., 21 . 7 
4 , 8 11. 90 

l , 0 9. 95 
14. 0 ; . 87 
12. 5' 5.79 

U) • 
.., .f.1i 
(1) ~ 

....... 
~~ · 

00" 

'ts 
,..... C'IJ 

...::> 
O~o.~; 
· o ,.. 

~'0 

6 ' 
333 

141 

1773 
15'74 

27 3 

313 
328 

3 10 

600 

3271 
3232 

1339 

1 

156 

234 

902 

l Oll 

980 

1331 
7J 
617 
36 
359 

• 
0' 

3.7 

3.3 
6. 71 

.4 

11.66 

9. 95 

13.23 

15'. 3 

·'2 
.35 

6. 
2.5 
2. 95' 

2.79 

1. 9 
.)6 

1. 23 
1. 9 
1 . 1) 

0. 5'7 
o.; 
0, 34 

O.J 

160 

3) 

416 

273 

723 

7 
82 

982 

2 

;'18. 

37 

60 

183 

73 

eo 
B4 

76 

?4 

70 
35 
36 

21 

ourl counts o 1 and t c 1 
11 o o 62 q . r • er 

p riod or 24 hour • 

. o 
9. 0 

1 .o 
l , 0 

1). 00 

l .oo 
15'. 00 

16 . 00 

17. 
l • 0 

1 • 

o. 0 

21 . 0 

.22 •. 0 

23 . 00 

24. 0 

1 . 0 

2. ()0 

3. 0 

.oo 
; .oo 

89 



90 

the laboratory at a constant temperature ot 22°C, ted at a 

more or lea• conatant rate by dq . and nisht. !his would 

indica'• that . light aDII c!arkae11 do ·not dtect teec!iftl• 

Within .the normal plantation ranee or huaddit,r, laborataP,r 

obserYationa alao indicate that .ar.r1nc hamiditiei do DOt 

affect the rate of teedilll aotiYity. 

· In !able ?Ahourly counta ot needle and taeoal 

pellet drop to the toreat floor below inteated tree• "•r 

an area ot 62 aq. teet are compiled. !heae count• are 

ahown craphicaU,. 1.n tic. 5'8, and the l'ise aDd tall ot 

temperature 11 alao rerleote4. It ~be deci\IOed troa 

the graph that the •1n taetor 1Dtluenoinc the rate ot 

lenal tee4inc 1a temperat.ure. It will be aeen that, d 

the temperature riaea, teediftl inareasee, and Yloe nrea. 

(e) ,Zl\f iptlpPAt At tht gpm)iM4 eg,ipp qt 'IIMIUSI 

· !o determine in detail the combined influence ot 

temperature aDd relatin hua!dltf on the larYae ot I• ••m· 
Mlilt t hird aDI eennth lnatar lanae WU'e •intained under 

Yarlwa oombinatlou ot tbeae two taotora. In the oaae 

ot tbt third 1natar lanae, the7 nre expoaed tt~r ten dqa 

while the aennth 1natar lanae were ezpoaed tor 15' daya 

to the Yarioue oonatant ooabinat1ona ot te•perature and. 

hamidity. !he teehniqae to .. tnaain the 4ea1re4 relati.e 

humddit,r 11 .tullr 4esor1bed ·tn chapter lV. At eaeh oom­

b1nation of temperature and relati~e huai41t.r tested>20 
~ 

teat 1naeota were uaed and thia eer1ea or experiMnta wa-s 

twioe replicated. 

!he reault1 ot the teat expr••••4 a1 aYeraa•• are 

eoap1led · ln tablel 7Balld 8, and reflected in the lliOOthed 

arapha ot tic. ,., and 6o.. . 
Proa the data · recreasion linea wre then oalculateci 

by uatnc ' the Y asia to retleet the percental• or larrae sur­

Y1Yinc atter the pnctetermi~Md period ot expoaure aD4 ·the , · 

x asia to retleot the locari thll ot the relat1 n h\Didl t7" 

the/ ••••• 
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The results ot t he se.fealeul ations are hewn i n Table $9 and 
(;,1 I::>Z 

in Figs, 1 and ;4.. 
From tigures 61 and. 62 it is now possible to 

determ i ne what ercent e ot larvae can be expected to 

survive in any ar a where temneraturea and relati ve humidity 

d ta are available,. It is clear t hat the larval sta e ot 

,1. 3;e£m'n,111 especial ly the younger inetar are extremely 

sensitive to low relat i ve humidity especially when the tem­

perature. is com arat i vely high •. 

The eolomn t n table 9 in which percentage r el at i ve 

humidity is indicated represents the zone in which the per­

c.entage relati ve humidity may be r egarded as optimum for 

the i nstar i nvolved at the given temperatures. 

As indicated 1n table 10 the period t aken by the 

larval stage to reach maturity is .greatly i nfluenced by 

te perature• The duration or the larval stage i n the 

plantation at Jess ievale is significantly l onger than that 

in the laborato.ry where the larTae e·re mai ntained at con­

stant temper ature and humidity. 

I$ Rel. Humidity 
Percentage l arvae al i ve af'ter 15 days. 

9.8 
17.2 
26,8 
36.8 
46.8 
5'9.8 
66.8 
7'5.6 
82,9 
88,8 
92.9 
96 .1 

1 00 

0 

11.0 
15. 
so.o 
74 .• 9 
96.0 

1 00 . 

1 o.o 
98.5' 
9 .1 
76,0 
5'6.0 

0 

0 

0 
0 

'·' 60. 0 
92. 0 

1 o.o 
94.2 
84.0 
60.8 
45.9 
25'. 0 

3 .ooc 

0 

0 

0 
0 

2.5 
48. 0 

70.5 
91.9 
88.5 
7'5.0 
6o .• o 
42. 0 
18.0 

Influence of t emper ature and rel t i ve humidity 
on t ird i nstar larvae, 

Table 8/ •••• 
!hese/ •••••• 



Percentage 1a .. rvae alive after 
1-' Pel. HtL-nidi ty . 

... 
1")°C 16.5°C 25'.5'°C 

q.B 3.' . ' 4 () 

17.2 6' 25 ') 

26.8 85 65 1·) 

36.8 100 8·J 4:) 

46.8 lOU 85' 61 

59.8 rna 95 8·) 

66.8 1'"' \J .J 10:1 90 

75.6 rn l·lO 1~10 

82.9 100 lJO 96 
88.8 l'Xl 100 90 

92.9 1-JO 90 86 

96.1 98 87 80 

lJO.;) 97 80 70 

Table 8. 

Influence of temperature and relative 
humidity on seventh instar larvae. 

(f) freparation tor pupation, 

92 

lrJ days. 

3:1.JOC 

;j ., 

0 

0 

() 

10 

58 

75 
100 

90 

85' 

80 

45 

35 

As socn as the eighth instar larva is fully grown, 

it drops frnm the tree to the forest floor where it imme­

diately commences crawling about in search or a suitable 

srot in which to pupate. The related species ~. cb:yssor­

.b2ia of Europe and A·::1erica pupates in the host trees~ 

(Doane~ A1 1936), but i• terminalig never pupates in the 

trees, not even in the forks where accumulations or old 

leaves frequently collect. The pupation site is invariably 

a spot providing suitable shelter on the forest floor. 

(Fig. 63). 

In a plante.tion of g. IlalilM§t the forest floor is 

covered by a dense mat or fallon pine needles, and in certain 

rows there will be heaps of dead branches removed froru the 

trees during pruning. (Fig. 63). 

These/ •••••• 
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I D N ITY . 

Various metho s have been used to assess the 

density ot an naeet po ulation in a given area, the most 

generally applied one being to count all insects in 

randomised sa ple plots ot knom area, and from the data 

obtained to calculate the population density ot the area 

as a whole. 

It is not always possible to reach the ina eta 

for count1ng1 and in JDal'G' caaes sampling ot the type men• 

tioned above is virtually 1Jiposs1ble. . Espec1.all7 ta 

this the oase with the larval stage of ·. · te~pal1•• 

which i nhabits the crowns of p1netrees. A further 

difficulty lies in the fact that poisonous setae cover the 

bodies ot all the larval 1nstars, mich renders 1 rse-s.cale 

handli ne ot is insect a physical 1mJ)oss 1b1li ty. To 

determine po ulation densities ot the larval stage of this 

1ntect, methods other than direct handling had ·in c nse• 

quence to be developed. 

In v1e'W ot the tact that the larvae sever the 

naedles during the process or feeding in .f. patula plan­

tations, there ia .a eo.ntinuous ra1n ot freshly severed 

needles to the forest floor below intested trees. There 

1a also a. continuous drop of faecal pellets be.low such 

trees. · An attempt was thus made by the writer to corre• 

late needle ith f aecal pellet drop, and both ot these 

with l&rval populatic>ns i .n the trees above. 

V r1oue factors would ot course affect the r ate 

ot faecal pellet and. needle drop, the most important of 

t hese being the size of the larvae and air te ,r tures. 

The amount of tood consumed by a larva would 

obviously be influenced by its size a.nd. instar. The 

larger t he larva, the higher would be its rate or r ood 

consumption and the rate of f aecal pellet drop. I n 

addition, the faecal pellets them.selves progressively 

increaee 1n size as the larvae becomes more mature . In 

the/, • •• 



r the case or· a population consisting or larvae ot mixed 

1nstars; the correlation batv;ean needl~drop, faecal drop 
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and population would var:v so widely that the figures ob• 

ta1nsd would be ot neglig-ible Value, I.t was 4eteJ:~m1nad by 

. observations in the ttold that tortu."ltittely a very high 

percentage ot all larvae in the Jessievalo plantations 
. . ' 

hatch -~thin a concentrated period ot two weeks.. At 

the beginning. ot October, .i.e. 9 utonths later, practical!¥ · 

all ot thes~ have ~eached the 7th instsr and are of equal 

sis~. It was at this stage that experiments were earr1e4 

out to corr~.late density wl~Jl nee4le and faecal pellet 

drops. 

!he "influence of temperature on feeding activity, 
' . 

-arid conseqnently on both needle and. faecal pel.let drop, 

is considerable) as shown in figures 66 and 67,. · 

It was thought at first tc be possible to doter ... 

mine 1n the laboratory the correlations between. lal"tal 

aensity, needl(J and faecal pellet drop. However, When 
( 

the lar'lae ·are axcess1vely handled and cont!ngd 1n cages, 
' 

·the ma.nr art1t1e1al factors f.ntf'oduced might have ·an 

appreciable effect on the _reirults obtabtad ·• For this · 
. . 

reason it was deelded to obtain the des1re4 1ntor~tat1on 

by means of lei'ge-:-scale fteld tests under normal.plan• 

ta-t:ton conditions. 

~· : ' ' 
The experimental sits at ,Jes.stevale consisted 

of a uniform 200 aore stan<l of ,f. pntula ot one age group, 
' . 

the crowns o.f the )trees forming a~ even canopy overhead. 
; \j • 

· The trees were at the time (October) .infested mainly br 
\ ' . . . 

,, . 7th instar larvae, occasional sixth and .eighth 1natar 
' . 

apecimens-also being present. 

In this stand of trees sb· point.s were selected 

as test sites~ At each point a tarpaulin was spraad on 

the forest fl.oor· below the 1nte.ste4 canopy to catah up the 

noadlas and taeeal pell.ets aropped by the lat"Vae 1mmed1atoly 

above them. Attar an exposure .of 24 hours, a.ll needles 
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aD4 taeoal pellets oa -h ot the 'tal'paulhs were eolleo-

ted aild bottl«< tar :aus~llMt oouldiac. I•ediatel7 
. . 

alter tu 2lt bour period heel elapaed,, the tree oaaop:r 

aboYe eaoh tarpaul!ll ·vas t~urh17 clWitecl w1 th a Jaaoek-

. 4ova 1ueo~1o14e. fh1a. reaulted ill 'the larYae respouibl« 

t~ the 1'a8Ql aJl4 needle Crop on the tarpaulill alSo to 

drop clcnfll. theae ooul.d then h ooated. 
on e.ac.h of 

A coat fft the aeedle aJlCl taeoal 4rop" the 6 

••leote4 test aites vas o·arr1ed out 011 4.1ttereat 4a;ra. 

!h1a prooedure •• a4opted ·t• ·no r ... ons. .. Ptrat­

.]Jr, ill orclu that detailed o'bM:rntlou .eoul4 'be -.cle 

dlB'ial eaoh ape1aellt - u all au apetaeau vo14cl be 

oarriecl ou't. aDul.taaeouaJ.T.; aUih 11¥U..Wual attatt011 

could not be c1Yen. Ill tbe aeooad plaoe, b7 oarJ')Wll 

out eaoh exptrriaent on a d1tterat cl'aJ'1 a. w14er raqe ot 

taperature \'ar1ation vas introclueM iato the 11w .. tilatiort. 

Contirtuowa reo01'41fta• of t.-peratu:re and relati\'e hu.idity 

duriat the 21t- bolD' duratioa o~ eaeh a~P•iaent were pro­

Y1decl b1 thermo-b74roiJ'apha situated ill the crovu ot the 

u .. s ort the a1te. 

Attar the tupalilill had beea spread on the 

~orest tloor at a t .. t site, ita aides were raised aoae-· 

what to euure tbat aeedles an4 rMOal pellets dropp!Jia 

on it raainecl there. !hereafter the total oatohlleat 

area ot the tarpaul!n ill square teet 111118 acouratel1 

deterlli.ned. In the aidh alld 1aat aperiaeAt, the 

expert.ntal area vas awth lar1ar ~ in the t1~• 

pr·eoeding onea., · aiAee mre tarpaul!a was thea aYaila'ble. 

!he abe ot the tarpalllia ued w~cl .QOt at.rect the 

results, prOY14e4 ita •• 1A aqllaJ'e teet hacl been 

aeeUI'atel7 deterailled. 

the 1Ueot1o14e uaed to brine the lanae cloWJl 

trom the oanop7 oa to the brpalllib below at the conc1WI1on 

ot eaah experiaant was ~ ·Malathion 4uat. !'o .Ue ab­

aolutel7 aare that all the lanae U.~~ecl wre taU., the 

duat vas applied at an extr .. l7 bip doJqe. 

after/ ••• •••. 
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after applic tion of the ins ctioide practically all th 

larvae had dropped from tha tr es , Those hioh fell 

during the first halt h ur or led about on th tarpaulin 

for hort whil bet re p rishing, but tho dropping 

later , sho ed no sign of ability , To ensure that all 

the larva ere reoov red , h ver , the tarpaulin r 

left on the site for 24 hours after dustin , and checks 

were made by climbing the trees and look for larvae 

160 
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Lengths of 5everect needles 

0L_ ___ 1_o ____ 2o _____ 30----~4~o--~s~o~~6~0~~7~o~~s~o--~9~0--~1oo 
N u mber of need le s 

Lengths or s vered n edles . 

:rh d ta bt ined fro this seri s of e eri nt 

ar co piled in Ta le 11. The larvae and ne dl s recovered 

from e ch experime t r counted individually. t cal 

pellets ere all or ap roximately the s e s1ze , and it was 

determined that on an aTer age one cubic centimetre holds 

202 llets . The number of t cal pell t r cover d 1n 

each x er1 ent could thus be deter ined n a v lumetric 

basi ith a high de ree of ccuracy . 

Faecal/ •••••••• 
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\ 

JXp. 1. ..,. 2. Dp. J• bp .... 
bp. '· 

Dp ••• 

.Lana• lo,Jt? 6,108 e,l4J ,,08) 6,e8J 1J,JC)4 

Jeetllea 4oJ,69J 18,0J6 2?,1J8 )0,440 21,J40 48,3?2 
, .... pal»••· 29),1)3 116,6JJ 200,~ 21),142 188,924 ,..,,925 

fl'eap •• , 1?.J0 o 1J.4°c 15·'" 19.e•o 1e.1°o 13.s•o 

ilatto. 

Lanaet 
..... 1 ... .-.ao 2.,, ,.,. "'·JO ... oo ,.12 

uanae: 
h"• pelleta 28 .• lt lt.lo .... ,. )0.10 27.44o 22.18 

•••ct1•• 
,. .... pelleta •. ,1 .... ,.,. 6.99 6.86 ?.11 

Laft'•• , ... .,. n. Jl-·10 J2•84 .,.,. ,a.oe 37.02 19.14 
'i•. 

.... 1 .. , •• if 

91·01 146.tf aq. n •. 1,1.?1 l6J.66 148.0? ,,.?2 
'ti 

raee. pol. 
10?J • ., u.,.,, pel' ••· ft. 101?.82 62?.18 101,.?2 424.59 

., 

, ••• aq. n. ' 

to• eapftlMat 2U 116 186 ~ 186 186 810 •... , , ....... ,J 

j 
, 

experiaoatal 
' ...... J a 2 2 2 e 

..~ 

tM.Y 11 • 

....... ,t ... ,... whle~ crap .. 1a tta•· 
66 .... , ···~ ••1•~··· 

.. 
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Faecal pellets as a gauge of larval popUlation 

density can 'effectively be used only during periods of fair 

weather. \lhen rain falls• they disintegrate, and accurate 

counts cannot be made. It is for this reason that popula• 

tion assessment by counts of needle drop was investigated 

as a possible and more stable method. 

As will be seen 1n Fig. 6;, ,th.e lengths or the 

needles dropped by the larvae vary considerably, and tor ~ 

this reason it was telt initially that they would not prove 

to be a reliable indicator. Hoflever, from Table 111 it 
/ . 

will be seen that the correlation between a single needle 
•/ 

or portion th~reot and the number ot faecal pellets is 

tar higher in all 6 experimants than could have been ex­

pected. It is for this reason that needle counts hn.ve 

been included 1n the ·graph- as well, .where they serve .as a 

reliable chock on population density assessm.ents based on 

faecal pellet counts. 

By collecting the faecal pellets and d.ropped 

pine needles on a measured area over a period ot 24 hours, 

during Which the average air temperature has been determined, 

a fairly accurate estimate ot the d.ensity of larval popu­

lations in the trees above may be arrived at by referring 

to the graphs in Figs. 66 and 67. 

0 

"' .. .. 
0 ... 
0 

"' "' -' 
0 

"' "' z ,.. 

" 

Needle drop as influenced by temperature •. 

--------------- ·---------------
Fig, 6?/ •••• 
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TEMPERATURE 'C 
X 

. . 

0 

Faecal pellet drop; .as influenced by temperature~. 

The standard deviation or the regrgss1on.l1nes 

were calcUlated. from the formula: . 

· . , Sy .x = /~ttm '(de'ViaM.O~) 2 

· · N-2 

Where deviations = the differ)nce betw~en observed and 

c·alculated number of needles, and 
""'" . 

was found to be - O.l905'.1n·f1gure 66 and! 2.1?7 1n 

tigure 67. 

The coetf1e1ent of variation was calcUlated trom 
'.• 

the formula 

§y.x x 120 
Mean 

The value fo\lrld tor the graph in figure 66 was. 5'.2163~ and 

for that in f'i.g;UJ{e 6? 8,6178~. 

It/ •••••.•• • 

. ,. ' .. ·) -···· ~ \ 

0 

.......... 

~. ' ,t 
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It 1s realised that the straight lines given in 

. . . . . the figures mentioned above are only part ot a curvilinear 

regression "line, and that a l1nero:- regression, such as that 

. 1ndieated 1n the figures wlll only· hold good tor temperaturl!s 

r.anging from about 1)°C to 20oc. It oan be logically ex• 

· pecte.d that at lower temperatures tee41ng and excretion 

will increase as temperatures increase' .at til"st slowly. 

and then gradually more rapidly. ·Conversely at higher tem­

peratures than those 1nd1oat1ng on the graphs t tee41ng and 

ex(lration will start deer-easing, at first gradually and then 

more raplc!l.y . as the temperat\lre incr-eases above a eerta1n 

lCiJVfll• ·. 



1. 7mRPHOLOGY. 

CHAP.rER yr. 
tHE PUPAL. D+t,OJ;c • 

Euprgq~is torm1n&l'a has a. typically obtect 

pupa, the wings and other head and thoracic appendages, 

pressed tightly against the body being clearly visible 

(Fig. 68). The abdominal segments do not move very 

freely. When the pupa is disturbed,only slight move­

ments of the abdomen can be discerned. 

Eis. 68. 

A. Pupa or~. tetm1na11s. 

B. Enlar&ment of the cremaster. 

c. Setae on the cremaster. 
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As the pupa ages, its colour becomes progressive­

ly darkor until finally, its colour varies from EngliSh reci 

to thllor:all3' red. In the older pups. the eyes ere darker 

than, and contrast in colour v?i th that of the rest or the 

body. 

The dimensions in Tnble 12 ore based on 50 measured 

pupae. 

2./ •••• 



2. HABITAT. 

In view of tha tact that the pupae are found 

in the forest floor of plantatioru~, beneath a mat ot 

needles and other type ot refuse, Which may vary 1n depth 

from 3 - 10 inches, it is clear that they are not exposed 

to anr marked variation in temperature and humidity. 

I Average. Standard deviation. 

Length 10,88 m.m. + 0.04947 -

~idth 4,44 m.m. + 0.02199 -

Tabl!!! 12, 

P1menalgna gt E. term1JJA11s pttpae. 

The soil and pine needles in the immediate vi­

cinity ot the pupa is alwars moist, even at times during 

the winter months at the Jess1evale plantation, When t~ 

rainfall 1.s at its lowest level. As a result the pupa 
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is always exposed to humidities nearly equivalent to that 

ot moisture saturated air. Temperature variations to 

Which the pupa is exposed woUld also be negligible compared 
to those prevailing between the tree canopy and the forest 

floor. 

---!-- 4'•1nches bela w needle mat - ,_ 

6 Inches above forest floor 

26 15 5 25 3 23 15 
OCT NOV DEC JAN FEB 

Fig, 69• 
Temperature in degrees Fahrenheit 4 inches below 
and 6 inches above the forest floor in the Jessie• 

vale plantation. 

The/.,,,, 
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The temperatures 6 inches above the forest 

floor and 4.tnehes below the needle mat prevailing at 

Jessievaleduring the period 6.10.;'1 to 2.3.;2 are ex­

pressed :tn figUre 69. During this period, 1rhen pupa• 

tlon occurs at Jess1evale 1 the temperature under the 

needle mat is· much more constant than that of the air·· 

above 1t, the ·range between tbe maximum and minimum ·being 

app:rorlmatelr halt that ot the air temperature (Table l-3) • 

. 

Uaximum :W.n1mum Veriattox 
... . 

Temperature 1n the 
forest tloor 5'9.80F 5'J.00F 6.BCT 

~emperature above the 
62.rf'F forest tloor 49.<1>F 12.60F 

.. 

T®le 13. 

* 3• DURATION OF THE PUPAL STAGE. 

In order to aetermine how long 1t takes for the 

J>Upe.l stage to be completed under natural conditions, ;o 
pupae were kept below·the needlernat on the forest tloor 

in the Jessievale plantation during the period 31.10.19$1 
' onwards, and r~cords were kept ot moth emergences. The 

last .moth emerged on 7.1.,2, the average duration ot the 

pUpal ~;~_;_::e~~ge ~omperat~e or $6.SOF b-eing 5~ 
days ( . 7 ) • · - · - - • ·· 
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UA§.IhAt§ Al!D .ftNUR2~AL R§§ViTANCE. 

1. . ANALYSIS OF OtmmEAKS IN PLANTAT·IOR3 • 

In. spite ot the fact that ,i •. urm,aa:ll§ was 

. discovered in south Arr1ca as ear~ as 185'.5' it was only 

1n 1929t after PJDJ& spp. had been planted on an exte.n• 

s1ve scale~ that the attention or the economic entomo·· 

logist was toeusse.d on this insect owing. to outbreaks . . . . '· ' 

Which then occurred ·ln certain ple,ntat.ions. 

' !his insect h~s switched over gradually trom . 
' 

indigenous vegetation to exotic trees, especially Eipa .. 

109 

pa)VlQ.., and to a lesser degree l~ JAiophyl:J,a and ,l. ta4~a,Sa 

and permane.ntly established 1 tselt in plantat.ions of· this 

species. In most eases the factors responsible for con­
trolling the rate ot mult1.Pl1eat1ori of the insect aecom• 

- ' ~ ~ 

panted it to the new habitat, but in certain plantations 

these factors took longe~ ~o become tully Eu1tabl1shed there, 

with""the resUlt that a. number of outbreaks occ~ed in the 

ple.ntationa betore ·a state. of equilibrium, sucb.~s·preva1ls 

1n. the natural habitat, was establ1ehe4. ·In one plantation 

1tOV1QVer; ·namely the Jessievale state Plantation., this adaP­

tation to the state of equ111briwn has not taken place. 

In an att·em,pt to exPlain why the state ot equili­

brium prevailing 1n the natural hab1 tat ~f I. :Sie:m&valta, 
where no outbreaks ,r:4 this ·insect have hitherto been re­

corded, has not developed in the Jessievale Plantations, 

a study hae'0

,eoa made of all the known factors which con• 

st1tute the environmental resistance ot this insect. 

It is nec¢e.ssary first ot all to examine the 

early history .of the insect during the period when it was 

f-irst observed in the plantations. It is not clear what 

caused the insect to adopt the exotic .PinU spp. as addi• 

t1onal host planta, but during the period before the insect 

was/••••• 



was noticed 1n the plantations there must have been a 

gradual and progressive increase of tbe populations 

\'dltch <?1'1g1nallY migrated there .from 1nd&genous host 

plants •. · · 

In spite ot the fact that, accordt.ag to Lot­

Ira (192S') the reprcaucttve potential ot an insect bas 

no 1ntluenca on the average population density, it will 

eerta1n17 exart an 1ntluence on the rate of increase ot 
an insect whieh moves from one hab1 tat to another and 

where all the environmental resistance factors do not 

immediately operate at the .:full. strength prevailing in 

the previous habitat. 
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According to tbe formula or Thompson as e.da.ptad 

·by Chapmnn (Graham 195'2)1 P(zy)n_, where P represents the 

original ·number ct the population, .z the .produc·ts ot th.e 

number ot eggs laid by one female and. the sex ratio• 7 

the numbar ot descendants per egg, and n the number of 

~enerations 1n a given time, the reproduct1ve potential 

for !• :tsrmJ.DAJJ.I (1f the formula ia expressed in tigures>., . 
·appears as tollows for on year:& 1(18;' x 1)1 • 1SJ. 

This reproductive potential or 185 per year is 

relatively low for an insect• and it woUld thus have taken 

e·onsiderable time from the moment the insect occurred tn 

r&rms plantations, until the populat.f.on had reached a heavy 

density which caused noticeable deto11at1on • 
. . 

The tlrst plantations where I• · ttr;inolia became 

of econotd,e importance, ·were ·those at Jess1evale 'Where the 

insect d.efoli-e.ted an area of 110 e.cres ot l• ,»a,tula and .f• 

;J.giQPhzlJ,a, 1n l929· During the nezt year, 1931, according 

to I'ook'a (1938), the 'insect "spr.ead considerably through 

the plantation, and· was then heavily tnf'est1ng between 300 

to 400 acres ot almost exclusively £• Wi,Dli and l.• le&gpbll]A, 

and/ ..... 



and tbi:a desid. te the .fact that a la.t-ge number of cater.•· 

:pillars 'had ·dttring the previous summer su.ooumbea. to a 

. . . . caterpillar wilt dieeaSt'h" A strild.ng charaoteri.tttic 

of this :lnteatation was tb.e fact that all the compart-. 

merits· heavily defoliated the previous eea.son were now 

. ~Jingul;U'l.J' free from larvae, while fresh compartments 

were .·betng bea.nlr defoliated. :tn i9ll it was also re­

. por1l'e4 from the .Belfast and Harrisinith plantations that 

tbe insaot.was·def'oliating large areas there. 

·P.r;tom then onward$·reports ware received showing 

·that ·the insect oco\U'1'.ad. in nwnerou.s other plantations U. 

the FAstem ~ransva.al and liatal• a1 though no :tnrther ee­

riou.s 4amage ·was repor~e·d .until 1934., ·when a. large a.rsa. 
, . .-· 

' ' 

ta the Driekop plantation 1n the Pilgrtmsrest dtstriot 

was damaged by the tneect, ·and $ga,!n. dt1ring 1938 in the. 

Spitekop plantation in the Sabie dl.~trict. 
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Xn ·1935 1 .t.e• ·six yaal's after the first. ou.tbreak 

tn thce, J eastevale platite.1,iio:a, 1 t ~s reported that 800 

acres of l~ W!A!: were being defoliated tllere and in the 
next rear .1,870 aore.s \'l&X'$ detol.ie.ted 1n the sa.me pluta-~ 
t1~n. f.he latter def'.ol.ia.ti.on was pa.rt1allg .arrested by 

tnsecticidal a.pplica.tion, 

In. 1935, 1937 and 1.940.reports were reoeive4 that 

large areas of ~he Harrismith plantati.Olis lled been defoliated. 

and 4amagQ reou.rred ;a,t Belfast dUring 1938.. No fUrther 

damage 1n any plantation other tl'lan those at .. J essievel.e ~ 

been· re~orted in the U:nlon since· 1940. 

fbe htstor, ·of· the ou.tbrea.les in the various lo~ 

call ties xrtent1 oned e.bove ts s~isea tn. ~able ~ lcom 

this we »1 dedu.oe that (a) the tnsec't was noticed only in· 

· oe:rttdn pl.antatt~ons (b) tn others one to £ou.r oll.tbreaks 

ccourt'ed Vli'th no Sllbsequent recurrence, and (c) th~re .is . 

one plantation onl;v where there have been periodic and re­

gu.lar ou.tbrea.ks ever s.bioe the insect was first recorded 

·- :t•·. ~~ .... 
From/ ........ . 
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. . 

t929 t9JO 1931 '1932 rm 1934 ms 19J6 1917 19}8 1939 840 I!W r9U oo t944 19'5 t9IO 19,7 '''B 191.1 1950 t!!St ?951 t9SJ 19~ 
Y E A R S 

C~plete defoliation tn acres at 
Jeeo1evalo since 1929. 

From a study of table 15 it wottld al)pear that the 

o~tbreaks occur in oyoles ot 5 - 8 years, e.g. at Belfast 

1n 1930 and then a.u""ain 1n 1938; at Harrismi th 1n ·1930, 1935, 

1937 and 1940, which probably represents two cycles in dif­

ferent areas lastinG fram 1930 - 1937 and again from 1935 -

1940. 

Recorded oqtbre§ka og E., ter.mipftlis in j1nqs P&antat!ons• 

l?J.antation Pirst Otltbreak Second !rhird :Fourth Fiftl: 

Jesaievale 1929 1930 1935 1936 1937 

~el.fe.st 1930 1938 - - -
~ .. -;:.smith 1930 1935 1937 1940 -
Driekop 1934 - - - -
Spitzkop 1938 - - - -

Table 15. 

Acoordtng/ •••••• 



Aooordlq to Fig~ 70 it wollld appear that ·the 

m~um $rom. of oom.plete defoliation in the Jeesievale. 
- . 

plan.ta:tlQna was reached dlU'ing 1936. th$ :seventh .yoar 
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a.fter. the f~t- ot~"Cbreak was recorded·. S.inc& then there 

have been· not1oearble but progressively .les~ extensive 

peaks of defoUa:tton -du.rtng t·he years l.9!f.O, 194-4, 1941 

and 1954., . · · SiAo·e fig. 70 reflects complete defo1:tat:ton 

only, t t does not: · gtve a true reflect-ion vt th~ actu.al 

insect popttlati.on. denstt]t 4l1x1.Jlg the pGr1od under rw.t..ew. 

·lrom. tlle p$rlo.d of peak poptJl.attons at Jessteval;.e a~ . 
the U~ 1936, dEU!Bge to a greater OJ' lesser extent has 

been brought abou.t each ~u;ocestid:vo year· up to the present. 

2,. ··. AREAS· OF ABUNDA.NOE. 

(a)· ge~e:r::tl SM!!&if&~~a,~to~. 

!fh$ insect occurs colDl.only in three types ot 
areas, e,) in its natural. hablta.t;. b) 1n the pine, planta. .. 

·tions Where 1 t is Bl~s ·present in noticeable numbers 

bat where no ou.:tbreaks occtll"; o ) 1n the ptna pla.nta.ttons 

where periodic ou:tbreaks are r~gttlarly recorded. 

In th~ ti:rat area the popu.le:tion . densi.ty is ver, 

low.· so low .in .fa.ct that tb.e wri·ter .had to search. ove~ long 

pel'tods in order ~ be able to establish the: host plants· on . 

vthtoh ~e oocur in their na. tu.ra.l habitat, .ana after eleven 

St.\Oh plant spsot·es had been found, 'the 'total. .number of larvae 

coJ.leoted on them 41.4 not. oven exoeed e hUndred. 

. . In tl1e seeond ~ea.· of .. abQ.n<}AAoe. the. ~~eat ~oes n:ot 

· occur. in large nu.mber,s,. Sl:thptlg)l ~)le. pop~tio~ ~s. ~ea:v~~:tt 

then t'ha:t encountered u the natural. bab!Lta'tJ 1.n the third 
.. ' ' ' ' 

area: ·of ·Bllttndance the tnseot maY. al~S ·be fOund Wi thoU:t· ... · 

tl'ottble., even though tb.er~ may be no outbreak tn tl:le· season 

during vibi.Oh the nearoh. is conducted. 

. , , . .. . .Aceo~tin(?; to oook (1929) . ~a. Uvarov (1931) .the den-
. . ·-

·. sity of the$ vopu.Ultlon .. of ~yeey i.Wlieot species v&r.i:ea, and . 

t'tis/~ .• • •••• · 



its distribution may be subdiv.ided into special areas 

or deg~ees or abundance .• · Uvarov (1931) states that 
~ ' I > •' ' f, 

"the area of spec1f'1c distribution" is the area where 
\ 

tbe insect always appears, but 1$ constantly kept in 
. . . ' 

check by its. controlling factors,, with the result that 

it never becomes a pest. 

In the case· or IQ, • .tfn:mtna:t.i~;h · Uvarovs "area 

.. : ot. s'pecific distribution" would include the natural ha- . 
. . 
bitat .ot the species.; whel"e ,it 1s .always present .but. 

kept do~ at .a low l~vel by controll~ng factors) as well 

as those.plantations of exotic pines where the controlling 

factors regularly. oper~te to such an extent that the in­

sect, though,mo-re abundantly present than in its natural . . 

habitat.,. never beco·mes a past,. 

. The third area c£ abundance mentioned above 

corresponds with that prese~ted ·by Cook (1929) as an ''area 

ot occasional abundance". In such areas, e.g. the Jes-

e.ievale plantations, the insect may always be found, but. 

it emerges as a pest only during those periods when the 

.limiting factors tempora1:~ly cease to exert their influ-

enee. 

In these three .areas the density of the popula­

tion naturally varies ·from year to year, but the variation 

will. be smallest in the area where the population is nor~ 

. mally, at its. lowest level and, conversely., it will be· high• 

est 1n the. area where the population,reaehes· its highest 
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., level. However; as Solomon (1949.> puts . it:: "In a precise 

sense, populations often vary greatly .in numbers, in a very. 

b,ro~~ s~nse they may be reg(a.l'ded as ft4irly. ·constant. n 
., I • 

··,·,·t1
' '·,.!ale •difference in density of the populations in 

-' i': .,_,; . ' . 
-'1 ,\, , ' 

i: \'.~ 

the:if-~rious areas is also due.to the varying composition or 
the ~~':·vironmenta1 resistance factors• ."While the Oscillation 

I,' \ . 
; is/ ••••••• 

F} ~~i\ 'I j! 

; . ' 
. ·. 

l 



is caused year after year by the variation 1n the etfi• 

c.leney ot the sum of the d!tferent factors, as a result 

or the inf'luenoe exerted on them by external factors. 

Smith (1935') states that the oscillation of a .populat.ion 
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.1s merely duo to the fact th.at the effective rate or increase 

fluctuates wtth time 1 1·n other wards, that the traction ot 

the progeny per parent which survives is not constant. 

Ill order to Unc:terstand better the causes of va• 

l'7in8 areas ot abundance it ts advisable to ·discuss each 

. area separatelY, as the operation or the various factors 

d1tters according to the area. 

(b) .llatvrfll Babi$&t• 

~e natural habitat of I• .terminalia is the area 

whe.re the insect occurs, and where no artificial 1ntluen• 

ceo have yet lntluenced the controlling factors. In this 

area there is .still a perfect eqUilibrium. According to 

Clausen (1936) "the tundaJI!ental basis. ot biological con• 

. troll. ·lies ·tn the natural equ1libri\1Dl which exists between 

all elements ot the plant. and animal world. Originally 

bef'ore movements of the plants and animals trom ~country 
.. 

to country took place thtougb human agenc)', there existed 

a..oo.nd1t1on of relative stability. among all these elements." 

This condition still prevails 1n the natural habitat of 1• 

In examining controlling factors which constitute 

the envittonmental resistance in the natural habitat the pa­

rasites will tit-stly be discussed. 

(1) Int"luenoe ot parasites on popUlations. 

In tho pine plantations no iess than eleven 

~nd1genous~np-tiras:ttes- that thrive on .L tetm&wl~l.i 
have been discovered up to the present and this 

number may be taken as the possible minimum that 

attacks the pest. Ripley .ail Jll• (1934) pointed 

out/.· ••••• 



out that 1n the ease of the wattle bag:worm, 

· AqantilAPshicht 3ypod1 Heyl., certain indi­

genous parasites did .not follow the insect 

trom its normal habitat to the planted wa'ttle 

plantations. Since these paras1 tes prefer 

sunshine, the cornU. tions prevailing in the 

plantations were apparentlY. untavourable to 

tham. There is thus the posaib111ty that· 

this might also apply 1n the case of i• lAI:,: 

m1gaJ,~a and that more parasites ma7 be pre• 

sent in the natural hab1ta.t than are found 

in-the plantations~ 

In this connection it may be mentioned 
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that when .i·• tetm1nal1g occurs in exotic wattle 

trees, Wlknown parasites are alwal".S observed 

associated togethel' , w1 th the known ones in the 

vicinity ot the larvae 1n the 'trees. Although 

J. 'l;erm&rmtii ~Y very eas.ily be reared on the 

leaves ot wattle trees no outbreaks or this in• 

sect ever. occur in wattles, even when these 

trees adjoin sections of.£ •. Patula where heavy 

d.eto11at1on oecnrs. This has been noted on 

many occasions in the Jess1evale plantation. 

The question therefore arises whether there 

are certain parasites which follow the insect 

into the wattle trees, A.Qasia .mQllissim& • which 

is closely related to &;p.c!ta s&ttl:a • one of the 

indigenous hosts ot j. t&Em&naJ,1s -, and not 

into the Pinws plantations. It may be noted 

that the unknown parasites observed in the in­

tested wattle trees are not in searCh otother 

host insects, since i· .t.ft&:m£1\illia is the only 

insect occurring on.these trees in the area 

concerned. 

In/•••••• 
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.. In view of the tact that it bas been 

proved. by the writer ·that certain of the para• 

sites ot I• te.:m1nalia are not specit1e, (see 

chapter VIII) it may be assumed ·that the para­

sites in the-natural habitat do not depend sole• 

ly on .i• ja;;1nAlis .tor maintaining their num• 

. bera, and would ·n.ence form a stable and control­

ling factor 1n that habitat. 

I 

In the natural habitat with its mixed tlora, 

there.mayalso be other predators such as birdSt 

small boasts ot prey and insects which do not 

occu.r in the sterile· .Pimm plantations, and their 

possible. controlling intlttenee shoUld thus be 

regarded as additional. 

. C£I) Influence ot host plants on population. 

• 

The influence which the host pl.ants may have 

on. the decreased~ or the population in ~ ~ 
the natural habitat is an indirect influence ot 

the climate. It was shown ·experimentally that 

there is only one generation per year, and as 
• : J 

the larvae of .I• tgx:miga,lis take 8 .t- 10 months 

to complete their cycle, they require food du• 

r1~ this period t()r sustenance. Three ot the 

eleven host plants 1n. the natural habitat are 

deciduous, v:tz. AQ&Cil cattru, Zizi»llJD .• ronata, 
lill.U. p!J'oides, ard a further three v:tz. Dgmbm:za 

.Ru1chr.a, W!Jts. rebma,nn1ana, Btms .im:a.t defoliate 

in areas where. frost oc1lF~. I ~s a resit of this, 
• . ' . ,.•,J.;. 

there is a period of 2- 4.months during which 

food is very scarce. During this period larvae · 

which are not ready yet to pupate will show a 

high mortality, and this will' mean a considerable 

decrease 1n the density ·ot the population in 

winter./.-. .• 



(c) 

winter. 

Due to the fact that the .insect ooeurs in 

such sma.ll numbers in the natural .habitat, it 

was not possible to investigate the 1ntluence 

ot the different controlling factors more ae• 

oura~ely, 
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Wlf.th the exc~ption·of the Jessievale plantation, 
J 

and a r.ew other minor ones in the immediate Vicinity ot 
. . 

itt outbreaks of 1· j;e£m&nal&i. do not occur tod.:aY' in at11' 

of the Union •s plantations of ~xot1c p1n\is. 

The population density .of .,m. tatW.Dalig in. the 

plantations under cons1derat1on.1s higher than in the 

natural habitat, as the insect's pr.esen.ce can easily be 

detected ani on any hot day throughout the year moths 

flying around may be encountered under the trees.· 
.. 

The host plants plq no direct part in the con-

trol or the insect as is the ease in the natural habitat, 

being available in abundance throughout the year. 

In view of the tact that no other Lepidopteroua 

insect oecurs in the plantatfons; the parasites are depen• 

· da.nt on one host 1nseet only tta'DlGly I• s;irm1na.l's. Their 

density 1s theretore unstable and as a controlling factor 

they cannot be as ·ert1cient ln the plantations as ·they are 

in the natural habitat. As a res'Ult the density of the 

.1. ·. term3,gli§ popUlations is usually higher in plantations. 

In·an attempt to ascertain the percentage of the 

population that is destroyed by· parasi te.s, a number or trees 

1n the Spttzkop plantation were thoroughly searched from top 

to bottom for eggs and larvae. The search yielded 20 egg~ 

masses containing a total of 3,64; eggs, ot which 3tl25' had 

been parasit1sed by "one species of egg parasite, which 

amounts/. ••• 



amounts to B;.13~ ~or the total. According to ~ooke 

· (1938) 88% ot the .m. ;t;g~m&nalia eggs collected by him . 

fin the Sable ·areas were ;parasit1sed. Only ten larvae 

we.re found, or Which twe were parasi)tised. 
. . 

. :a,- search• 
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ing over a large are'a of the' forest floor at differed; 

sites or the same plantation )8·cocoons were found, ot. 

lChic:h ~' ,~pae or 93.¥$ wel'e parasitil.sed.. fbere is . V 5 
reason to believe that the .~ ot parasitism 1n this case 

. . . 

is relatively high. In Belfast plantation, of'· 7'5 la.r-., 

_ vae collected;. no less- than 49 larvae or- 6) .;% were para.­

s1t1sed. 
. ' . . 

In .th1s Unnatural habitat the efteet or all the 

te.ctors ot the environmental resistance'together:.-1s deft• 

n1te11 not as severe as in the natural habitat,, with the 

result that the population density 1s higher. 

they prevent however an increase indens:t.ty to 

a level where the insect would cause damage of economic 

importance. 

(ct> · ,PlaW;ation haJ?ita;tt &n ;hi;b E. ~etminalli 
.OSCUJ:§AG I·R"G:t• 

In the aforementioned areas 1t was difficUlt to 

determine aocuratel7 the influence or the different control• 

l1tg factor.s on the density or the 1· taminalll populations, 
. . 

but judging .from available data it would appear that the 

parasite complex is the most important controlling tactor, 

The influence ot the factors constituting the 

environmental resistance in the Jessievale pla.nta.tion could 

be deduced with a greater degree ,of accuracy since all the 
' . 

material necessa17 tor such a study is avai~abe during an 

outbreak. The various faetors are o~ course intermingled, 

but to be able to un.derstam the complex as a whole, they 

were stud1~d separatelY',• 

In view/. • •• 



In view of the fact that outbreaks occur .only 

, in the Jessievale plantation and a few smaller ones in 

the immediate vicinity or 1t, it 'seems obvious that in 

this area there are certain environmental resistance 

factors that do not exert the same influence on the po• 

pulation as in the areas where no outbreaks occur. It 

was found· that the most important difference between 

this· area and the others was found in the parasite com;.. 
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plex .• In the Jessievale Plantations the number ot para• 

sit1sed j., j;erminalu is relatively small. As soon as 

the population density r.eaches a peak level, however, 

certain fung~l parasites spread and decrease the popula• 

tion to a level from which .it once more has to build up. 

gradually. · 
S• The reason .for this ·low per.c;entage of para,tism 

- - . . 

.. was onlr· discovered after intensive study and collecting. 

It was then found that the main difference ·between the 

.area or specific abundance and the area or occasional abun-

, dance lies in the fact ~hat in the former area the gene• 

rations of .i• ;t,ermina,lis, which has only one generation 

per year 9 are mixed, 1 .e. all the stages .may .be f·ound 

throughout the year. While in the latter area, i.e. Jes-

. sievale, 'the stages of the single generation occur succes­

sively, .i.e. the ¥J.Oths. are found mainly in November, Deo~m­

ber and the beginning or January,· the eggs mainly in Deee~ 

ber and January, the larvae only from JanUary to October, 

.. and pupae only from October. to December. (Fig .• 71). 

· The' parasite .complex at Jessieval~, consisting 

of egg parasites, two groups .of larval parasites, the first. 

··Of which attacks only the ·saall,. and the. second. o:ril,- the 

larger larvae, and pupal pa.rasites, can operate only during 

restricted.periods each year when the instar required as 

host is present .in the plantation. As a resUlt the para• ' . 

sites .in this area have not sufficient time to increase to 

. / numbers/ ••••• 
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~mmbers which: would have a decisive controlling intlu-. 
ence. 

The main taotors that control the pest par1od1· 

oallf are f'tlhgal . paresites ,ot the larva and pupa. . ll\tt 

unrortunatGly itt the case ot the larva it only operates. 

ef#ctent.lr tthen the lar'V'a1 .numbers a.ttaiA pe$k density, arta 
.in the ·pupa 11; only operates 1t the climate ool'td1t1ons 

are tavourcble. 

~lie resUlt is tbst the population ot the 1nsec·t 

at less1.evale .occurs. 1n rough cycles 1n the ·various com­

partments. · .lt peak papUlation density the tungus para$1 te. 

· oper.ates ett!o1ently and the popul..atton of the pest r.ap1dl.J". 

!hereafter .it gradually in-

creaaes, wtth the· pal'as1tes as a factor exerting an :tn­

tluence on th• rise ot the logistic curve, ·eventually . . 

.returntng to a. density where the fungus parasite may operate . . . . 

ef1'1c1ently once more• 
In compartments ·Of' young P1rrqf·.1)atula· stands, 

outbreaks n•er occur betere the v·ees ar• 1 to 10 )"ears 

oU. . !his .lapse or time is necessary to enable ·the !• 
~BIIDalil popula.t1o.n to: ·wild up trom the lowst to the 

peak level at which .it is able tc detoltate the trees com-

pletel1. 
, I~ 

!he outbreaks always ocour 11 rear or so etter 
. . . ' 

the lover ·branches 111 stanaa or JOUDg t&DUS. Pl:ti»&• hav:e 

been pruned to Ja hetght of eight teet • !etore that time . ~ 

the tree,s are so dense that it 1s practicall1imposs1ble 

·even to wal.k amorc them,,; · Por some time the idea was pre­

'V'alent that, o1d.ng to the density ot these stands_ ot treett1 

oond1t1ons :i.a sttoh .compartments prevent outbreaks. flaat 
• • r '' 

this is wrong • . was proved at J'essievale .in oomp.artment 02·6, 

.where one section .was purposely ~ett unprune4 an4 yet, all 

~e trees 1n the enti!'e area, .. 1Doludf.nl tho~e that had 'been 

lett unprUned were a~rol1ate4 the tollowtng year when th~y 

reacbe4 the- age ot eight ,Year~,t-

j[J21'. ~- •••• 
' !1""'-i' 
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.. tn.. the ol(.ter trees a shorter _tin'Ji! than a - 10 

~ears ~s. required tor the build'ing up of the next c,Cle. 

After the 41seas~. has deereastu! population dens1tr.1 . a 

:relatiVely high .· popula.t!on remains to serve as a nucleus 

from 'wh1ch the noxt e)'CJ.e will develop. W!ten the age of 

.,. the trees exceeds 14 years. ·veJ-y little visible. 4amage 

1$ done, despite the fact that the population of the in• 

sect will again increase· to the SaJ'Ile density as that which 

causes complete defoliation of younger tte'Gs. This faet 

'Jas contir:mea by savered needle counts 1n d.1t.rerent age 

groups of .ti!JU PA:liDJ& trsea. 

l'n order to carry out such an exper:tn»ntt it 
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had f'irst ot all to be established in wh~eh .areas out't)rew 

could 'be expected. This was done by ascertaining in wh!eh 

compartment a high moth population was present dur.tng De• 

cembar and Jan.uary ·tn the variotts areas, ~e areas se• 

leetel'i tO'!! obaervation were those where moth -density' was 

highest. 

ot three observation sttes selected~ the t1rst 

consisted of 9 rear old tr~s standing 300 stems per acre' 

the· second 14 J"Qar olCi trees with 200 stems per acre., while 

the thtr4 consisted of a· stand of trees 2S years oldt stan-

. ding 130 stems per aore, .. 

In each or the ar~eas da.il.f ··counts were taken tor 
2S weeks ;of the ntimber ot needles severed by the larvae on. 

12 sq.tt. ot ground tn1rtaee. This was done by placing on 

the groun! in eaeh area at three fixed separate s1 tea; thr'ee 

boxes each 2 faet sqtta.r(3 and 9 1nehes deep,. and collecting 

from them and counting each morn1ng all the needles that 

had been severed and fallen. By comparing the nUDiber of 

needles eaten in the various areas, an estimation could be 

made of the relat1va popUlation densities infesting the 

three areas. · 

From/ ••••• 
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Date. Severed Needles Dropped. 

Week ending. Block A. Block B. Block c. 

18. 4.5'1 282 312 288 
25'. 4.51 253 343 239 
2. 5.51 342 368 342 
9. 5.51 257 25'6 507 

16. 5.51 249 258 271 
23. 5 .5'1 213 198 230 
30. 5'.51 221 226 215' 
6. 5.5'1 349 330 298 

13. 6.51 3~1 404 401 
20. 6.51 423 350 378 
27. 6.51 406 390 361 
4. 7.51 393 383 408 

11. 7.51 . 433 402 395 
18. 7.51 414 360 401 
25'. 7.5'1 461 448 5'68 
1. 8.5'1 5'30 5'11 

I 
492 

8. 8.51 409 411 437 
15. 8.51 457 510 445 
22. 8.51 462 431 5'63 
29. 8.5'1 5'19 . 492 473 
5. 9.51 497 591 5'5'9 

12. 9.5'1 483 55'3 5'43 
19. 9.51 490 661 5'64 
26. 9.5'1 697 711 779 
3.10.5'1 789 5'91 730 

10.10.51 840 704 707 
17.10.5'1 703 561 800 
24.10.51 468 404 480 
31.10.51 403 502 463 
7.11.51 298 4 254 

14.11.51 78 27 21 
21.11.51 24 0 6 
28.11.5'1 0 0 0 

Total 13,184 12,731 13,618 

Table 16. 

Total number of severed need-les dropped per square foot 
weekly in infested areas in'Block A, Band C in the Jessie­

vale Plantation during 195'1. 

' 
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.. , .. ..,_... liletlu troppe4 • 

Week--
Blook '· 

Bloek •• Block c. 

2i• S.S2 u 6S 38 

3,: 1:~ u ' u 8 
1~. 6.52 20 J 2 • 6.S2 n ~ 27.6. 52 13 
... ?.52 .., ltl 27 

11. 7.'52 2 1 31 
18. "/.52 8 13 30 
25. 7.52 117 36 39 
1. 8.52 llt3 100 ,.. 
a. a.~ 98 90 102 

lS. 8.52 167 ... 138 
22. 8.52 119 ,.. 28 
29. a.~ 175 n lltlt 

'· 9.S2 
1itlt 61 llt1 

12. 9.52 13S se 118 
19. 9.S2 87 28 l21 
26.9. 52 1S7 it9 lS' 
2.10.S2 123 2 .. 168 
9.10.52 1S' 3 .. 162 

16.10.S2 1,.. 12 1S6 
23.10.52 ,., 36 91 
30.10.52 7S 17 80 
6.11.S2 l2 0 13 

2,381 l,lSO 1.879 

Z.alal• 12· 
total ft..., or uedlu •••• P• aq.re toot wekl.F Sa 

the •- ar• •• 1a ~•14• lb4wiDI 1952. 

!' ... llook "· Bloek I. Bloek c. 

19n . 1J:Jt 12131 13,618 
19S2 1:1JO 1,8?9 

- - -
f.tblt 1§. 

!otal n•'bft ~ Jlee41H ••• .. pe ~.ft. 1a tile iat•'• 
.... t.bl 19Sl, ... 1a 19S2 .. ttie pop111at101l ..... 

•• a haal ~ 1•el• 
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From the graphs 1n fig. 71, 73 and 74 which were 

prepared ustag the data compiled in tables l.6 ·and 17, it 

can be observed tha.t the ;population in the three areas 

must 'have been or prac.ticaUy eqUal density despite the 

tact that there· was not the s~ degree or visible damage. 

In the yomw trees the insect population had broUght about 

total defoliation; ln the 14 year old trees there :'Were 

visible .signs that the foliage ot the trses was less dense 

than normalt in the 25' year old trees there was no visible 

sign ot damage. According to Graham (195'2) the losa ot 

leaves in a large trea must exceed ;o% before the tree 11P"" 

pears to be abnormal. 

It ·1s thus clear that the cycles or~. tgrtpip,J.3.G 

intestation continue in the older trees, even it there are 

no visible signs of defoliation. It is certain that this 

defoliation, alth~ugb not apparent, w1ll exert an. influence 

on th.e gro'ttth ot the tree, althoUgh perhaps not to · the same 

extent as in 7ounger trees that have been totally detolla• 

ted. 

An important question that still goes unanswered 
' 

1n th.e Jess1evale area, is why the generations or i• ;termi• 

paJ.&I are not mixed a.s 1n the· other areas~. It ts most un- · 

. likely that there have been no migrations trom outside in­

to this plantation which could have given rise to genera-. . 

tions differing trom those already existing in tt. It 

would-therefore appear· that there are certain elimatic rae• 

· tors which prevent the development of mixed generations in 

this area, that are not to .be· found in the other areas. 

The various climatic conditions prevailing at 

Jess1evale and other areas affected by i· liitminelis was 

investigated, but no light. was thrown on the problem. 

For/ •••••• 
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For el.,C4lDplet the clime.t~ of Har,rismith differs trom that ,, 

prevailing.at Jessleva.le in that the winters and swmner$ 
- ' l . . ' ' ' 

.are colder; and in addition it 1s s11Sh'tly drier. Con-

,.erselywe hava.the Sabie.$l'ee. Which·dittera from Jessie• 
' ' ' ' ' . . ' 

vale. in. ·that 1t has a warmer winter and Sumtner and a higher 
' ' ' 

.~a1ntall. 
';, !. 

' ' ' 
. Judging from tes~s perto:rmed on pupae, larvae . 

;, 

am eggs. to determine wt4ch ins tars and stages are most 
. ' ' ··10'· ·, ' . ' 

sena1t1ve and subject to.eltma,..tc variations, it would ap• . . . . ' . 

pear that there is not :a single month at Jess1evale which 

, is cltmattcall.y unsuited to the survival of any stage ot 
. . . ' ' ' . 

this tnsect. 

The only oth$r possibility is that here may be 

. m1ero-cl1mat1·C condt t1ons J>9.C~11ar to the Jess~evaie area 

whi~ are not clearly.reg1stered bt. our standard meteorolo­

gical instruments. Ex.tensive 1nvest1ga.t1ons which will 

take years to complete, using much more sensitive instru• 
' ' 

. ments ~e at present being undertaken by the wr1 ter 1n or­

der to collect data. about the micro•climate. It will not 

be possible to . throw light 01'1 thi.s aspect or the problem 

. until such. time as this 1nve.st1ga.t1\)U ha~. been completed. 
' • • < • • ~ 

' . ' 

It is ot~te.rest .to note that the plantations at 
' . 

··.· :Spi tzkop and Driekop were the :t.irst .:tn which a state of 

. equ1.11br1u.m h~s been restor.ed . after the occurrence ot the 
. ' ' ' . 

1n1 tial outbreaks • f.he se two planta.t1 ons sljoin dense 1n• 

d1genous tox-es·ts, while the other plantations at"e f'ab.·l.T 

dista~t tram them. 

!he equ.111briwn prevailing f.n the indigenous 

forests ·could therefore extend much more readil7 int.o the 
' . ''' . . . . . . 

S:p~tzkop and Dr1ekop plantations, while it would have taken 
' ' ,··, I •, i ··:·l··''i··'· '• !' 

a much_ longer period 1n the cas~ of other'. :P1lantations. 
The policy of the Dept • of Forestry 1-s- to preserve aDf 11\• 

41genous forests, no matter how small in extent• present 

in/ ••••••• 
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in plantation are , is th on Which 1 ost co end ble 

(Fig. 7;) . I is untortunat tha most of th co ercial 

tree- planting org 1 ation have not adopt d th1 xtre ly 

~ound policy . 

Fig. 7i . 
Plantatio and 1nd1genou buSh 

in rmingl d . 

3 . THE PARASITES A THEIR CONTROL 

( ) 

en th tudy ot mbar ed upon 

by the it r in 19 9, it w kno ther r 
in,ect 

tour indig nou ,, p it , an eg par it , one on the lar-

v e and tw pup l par site , (Took 1938) but what rol 

th y fulfill d in th control of the pe t as not known. 

In ord r to a c rtain 1ch parasit occur in the plant -

tions and 1 o the art pl yed by th m in the control ot 

1n ect er coll ct very year in the J ssi val planta­

tion in thos are Wh r outbr aks occurred. 

Th parasites ar cl ss1t1 d ccording to t h 

stag or 
(1) Egg Parasites . 

Th ost 1 pprtant g arasit , UJ&alQDWi 

phetaeus/ ••••• 



·l>· 

131 

»bi&Qus, Nixon, (Fig q3) was discovered by fooke 

0.938) in the Sabie aren, where it was found to 

have pal'as1tised 88" of. the egg~ ot I• tetmt.nai\~a. 
The only other egg parasite was collected by the 

wr~ter from the Jessievale plantation. This pa­

ras 1te t the ident1'ty ot Which has not been esta• 
. . . . 

bl1shed1 occurred 1n only one_egg mass ot ,m. tsu=: 
m'N&lia in l9S'O, and has not subsequently been 

I'' 

taken again. It 1s . possible that this .is a pa~ 

rasite which normally occurs only 1ft the natural 

habitat and was unable. to adapt 1tselt to conat ... 

ttons prevailing in the plantations. 

·. The techniqUA tor determining the percentage 

ot egg parasitism was as followst 

During the P'riod in Which eggs could. be ob• 

tained at JeasievalGt regular weekly samples 

were collected. Bach m.as s was then kept se• 

parate in a S$aled test tube. All parasites 

that emerged, as well as the number of eggs in 

each. test' tube were counted. .The pere~ntage 

· ot parasitism was then calcu.lated. 

Ths highest percentage egg· paras! t1sm by ,%ala:-
' 

ng;pa pheRens in ·the Jess1evale plantation occur-

. red during 19;0 when 22~ of the ·eggs were 4estro~4. 

·rn other rears the percentage was much lower# 

in 19$1 ' o.S76%t in 195'2 : 11.99%; . 1n 19;3 :: 

2.o6:C and in 195'4 :: 4.oo%. 

'lhe main reason tor ·the low percentage of egg 

parasitism lies in the tact· that during the se• 

vere winters at Jessievale there .are no eggs in . 

which the parasites ean bree.d. In spite ot this 

there are sufficient of them lett to paras1~lse 

the eggs once more in the next season. How thq 

manage to survive during the period when no eggs 

ot .I• t.SU:Xnitl§lis are available, 1s .not at all 

clear/ •••••• 
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olea.r. slnoe no hibernation ot the parasite tn 

egs~- .has .as yet been observed. · i\u-themore. · no 

~gss _of other .speeies of Lepidoptera in wht·olt 

they eould poaetbly·breed ar.e to be found tn ~the 

plantatlon~ 

In tablesl9 and ~o the data obtained during 

the years 195'0 ..... 19:54 o.onoern!ng the peroentage 

of ~gg .ParMi t:tsm are given,. and :ln .fig.· ·76 these 

are 1n4ioateci graphi.cally-, 
" 
Acoor~ to z2 there are no s1ep1fieant :dit• 

.terences betw$en ma.x1.tn.Wl1 " p~e.si timn of .eggs du.­

ri~G 19;0 and 1952 (z.2 ·= 3. 226 · D11 1l,. 1) nor. dllring 

the years 1'95.3 and 1954 (1:.2 = o. ol.J. D.T!. 1} but 

G"ignift.cant dUferenoes exist be~teen the fl~es 

reoorded tor the years 1950 ana. 1954 ·tx2 = .12.461 

n.F:tt l.} .am~ also dt:U'ins .1.9$2 and 1954 (x? = Q.654 

D,F., 1.). !f!he factors responsible for these sig­

ntficant ditfereno.ea ·in paraslttsm. are not clear, 
bu,t p:resw:ne;bly the)' ¥11 be ascribed ·to var.f.ations 

in micro.-climtit1o conditions prevailing 1n the 

areas wher~ t'ha parasites oveNinter; as th~ per­

O'Gtttage .of pa.ras~tes wbioh survive the winter 

woUld have a profound :influence on the number of 

esgs pa.rasitised tiur~g the ne:~tt season. 

-~ - ·-

Year. rrtanmum 1' eggs parasitised. 
-

1950 22·0 ~ 

1951 0.576 

~952 u.99 
; 

1953 2.06· : 
.. 

1954 •· 

4to00 ' \ .. - ' 
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·.:ear. Year. Year. 

l950. 1951. 1952. 

late ' Date ~ Date "" ' jC i-

CollectOO. Parasi- Collected. P::.rasi- Collected. t=-arasi· 
tism. tism. ti sm. 

23. 1. 5'0 0 29.1. 51 0 23. 1.52 0 

r. 2. 50 0 '· 2. 51 0 30. 1. 5'2 0 ..~. 

[12. 2. 5'0 7.r4 12. 2.51 0 1. 2. 52 1.45 

119. 2. 50 q.?3 19. 2. 51 0 s. 2. 5'2 1. 50 

26. 2. ;o 13.33 5. 3. 51 0 18. 2.52 3.21 

6. 3.~ 16.95 12. 3. 51 0.2? 27. 2. 5~~ 5.78 

12. 3. 50 15'.60 19. 3. 51. o. 5'0 3. 3. 5'2 9.91 

19. 3· 50 17.69 26.3. 51. o. 58 18. 3.52 10.12 

2?. 3.50 21.40 28. 3. 52 11.59 

2. 4.50 22.00 

No. c£ 
eggs 

16,449 20,098 used 20,372 

1953. 1954. 

20. 1.~ 0 15. 1. 54 0 

31. 1. 53 0 21. 1. 54 0 

5. ?. 5'3 0 30. 1. 54 0 

rJ.O. 2. 53 1.36 8. 2. 5'4 0 

20. 2. 5'3 1.31 17. 2.54 2.30 

27. ?. 53 2.00 25. 2. 54 1.99 

10. 3. 53 2.06 27. 2.54 3.05 

11 • 3. 54 4.00 

.. ('• or 
errs 
r:sod 15,9Eo 16,752 

J:ublfi 1?. 

!~ffl parasitism at Jessievala. 
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(ti) Larval Paraai tes. 

!fhe :folloW$-ng .folll.' in41g&nous para.sl. tes of 

larva·e ·of &· :tilJ!Nl!lsi.l we.re ·.found in the Jessie ... 

~e pl.Qnta:t1011#· . 

(1:) Me;deo,:tllf· ,~~tJMt'-.- !l!et_1orina.e t 
aeon rdae . . . • ng .. wo .) .• 

(U) A£n:tpift sufgo*d:ts~ uu __ ·.... .Bra.oon;t­
. e. . . • { g , . -~ tB ). 

(m) ~tR ~-· .. · Met_ .. ·· g. i!a:Ohintdae 
· ··p era~IIZ).. . 

(lV) ,.e~ :hlefttir.&~nM ll_ .:a, Tachillida.e 
· · , · ~ 'P era , · iJ• . ) ., · 

V&rlOt\S t~ohntq;tt~O, of Wb.icb dissection of 

l.arvae is ::th~ most c~mmon, are employed to deter• 

, mi:De ~he degl'OO ·Of .larval pa~j.tism·• .Al. thOugh . 

1;hte· tecbntqtuil does !ndioate the peroenta.ge of 
·, ' . ' -' ' . 

larva.e Whiol:l have ba~ paraait.tsed, it .is not 
I • • ' ' 

poss-.ble 'f;o e.stabltsh the degree to which the 1J1 ..... 
' ' ' - . 

&vidual parast:t!c e.p\icies are! exEWoisi.ng· control 

unl<&as the taxonolf\1 ~of the variott$ immatul'le stages . ' . . ' ' . 

. of .all the -
1
pere.s1tes concerned is known. %n or.-

.(ler to solve ·this problem, the wn tar made u.ee ot 

the oeUUloitl and organllie ·Cages that have be¢n 

.d,eE~oribad .in Chapter v. in o:rder to keep the bast 

larvae &live ·until such 'time e.s the parasites 
.. · ·. . . . '. .. 

el'llerged. !1\i$i teobJ11qt,l,e uvolvGs rnu.ch work; ss-

p$otall'U wb.ett·larse· nwnbo.ra of l.a.rvae are usod, 

but .lt t;Jeemed to be the on]$ accurate method . of· 

4eterm;tntn6 whtch parasi:to spoo1cs. were present. 

!he tou.r l:anal para.sttss recovered could be 

dlv.i.ded into twq cla.asea a.ocording to 1Jhe :tnsta.ra 
' ' ' 

of the host larvae the.t were attacked.. 

l(@tepxng: ;t£i~3a&l constitutes tho £1rsi; 

c::tnss and OX'JJ.3t a.tta.oke larvae from. the second. to 
the 5th. insta.r. As will be shown later in tho 

biology/ ••• 
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b:lOlO§ or ldlm&l li:JJ.Ia!ldll• 'hq are =· 
able to att&ak older lax"'fM. 
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!he a"cm.ct clUe is coapo1ed ot three· larval 

paru~t••• wld..oh ~1tiee chlenv the sixth 111-

atar an4u.~ .• 

taall1:11 ttllM alwaye prefers ·the ol d91't larne 

U there ia a oholce between the J.aet tllree S'tages., 

bat 4o$1 not attack thee• below the e±~th 1Dsiar. 

li.ltU· ltiUlCJDDilh which .ia also a ~chtn14, \¥Ul 

preawu.b]3 do tho saae, 'bllt uat'ortDatolJ' tbia 

oo&U-4 not be 4et'emn.lne4 1n the laboratory u .au 
t he attempts ~o breed tb.• pa.rtae11e failed. !he 

l.ar9ae of both PEU'Uitta tvlq.U.at.l3L-:pt~pa.te~ olll8 

a.tter 'th& ~eatt« .,1. Stm'll' &I larva bas PQp&ted .• 

ot the three paruitea,, .MiD& tlllull and 

NP \l.lll& ... r are the most .t.Dlportant and they 

ooour in ff'ftf1 ntlllbers 1D pu-&e1 tlaed ~e.e, vlbllst 

1\althlM _J,MI ocoara 'V'U'I ar&J.y, Ill the 

aix 7eBH tlu'ine which the wri t•r bas reguJ.ar~ 

.Jte.p-t; l.ar"ft,e ot .1~ .SimUIIil:&:l aader· obs~rvation, a 

total · of 011..13 44 were ~ouna the. t bad been pal'Ui,. 

t1ae4 by Apantieleo etgtrOOtlUS. 

Oat of eYf»T , 'GIIDA,&I ~a ~i1t.se4 
by AJ]IA·Sg+g tiRQWf&f· tr0111 17 - l 4 para&J. t e lar­

va.t •ersed whloll tli8 a rul• ap.m their cocoons ill 

We> rows, ·~ on aaeb .e14• ot the host l arv'a. (fts. 

78) • ~ ia on• oaae ·waa & l.arva of" • 'ltAJMMl 'I 
d1'5 

para.ait1se4 b7 4~ SW:AAMMU in the l abora"t017• 
"' 

Foriy date Bt'ler the esga l'm4 been deposited 1n ''the 

j. .'llm'DilY ~. 23 larvae of the ~~'te 

ee1erged aA4 8pu;ft thei~ coooone. PotJr dq s later 

.U tha adlll" parasi tee emerged :!.rom t hO cocoon·s 

w114t.irl a.. perto4 ot 5 trtlml"es. 

w ..... . 
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In cam~ent B.42 of the Jessitvale plan­

tation, which adjoins a ~Vine in Which indigenous 

e.b.-:fb.s gr<:;.w, 11 tera.ll;r thot~sa.nda of dried,. deacl 

J• :tNW'P&] is larvae- covered with old cocoons re-
dis 

sembling those of APM:t!aeg ta:er.Qo~,, were 

fow:ul in 1949 on the stems of t e lJsDup pa.S}Ila 

trees. ·Y.aat was oharaateristio of the ~al~ae 

was that &11 we~'·e orientated on the trwlks w1th . 

their heads pouted downwar4s:, as it ·they had been 

descending the trees b~t bad been t oo weak to do so. 

However, oin,oe then this 'parasite hata .never again 

been f ound in ~thlllg lik·e large n·tambers • and 

there .is no reason to beli~ that it 1a of any 

appreo1ab~e eoonomio i.m.portanoe in co.nt:rolUng this 

peet at Jessievate. 

It would appear that this para.s1 te migrated ill­

to the pls.n·tat1o.n from t he indigenou vegetation 

a4jo1n1ng tt bu.t. dicl not penetrate into 1t to a:ny 

extent. It 1s possible tba t this is a oase s1mi,­

lar to that described b7 Morge.u (19~0 ) (Cla.usen 

1940) , namely that AI?Mye~u CQISNAt\lP itt a gena-. 

ra.l pa.msite on its host when the host at·ta.oks 

wild SoiwcMe, bu.t 'When the hO-st attacks tobaoeo, 

the parasite seld~ occurs. 

A¢cording to Ulleytt (1946 ), As;te+sJll na.­
v;ix;tn~td• S.P• nov. and Apanteles §C£!eat are para- . 

ai tes of !• tiJ.JHp§J tl:• ~le oococms o:t tba for-

Jler specie.s .are very frequently fOW'td on .E• pa1lJala. 

in loo~tiea wnere j . _ttEm~• do~s not occ~ . 

Tns· vtri t:er has oolle:cte4 no e'Videnoo to support 

Ul.J.¥et 's statement tnat· -those t~1o species are 

pa.ras1 tic on .&• j:!Urrl9'Del1p,. 41 thoUgh both pa,ra-

.ei·tes cio oealll' 1n azaeaa whar~ l• ttmJDflis is 

foWld • neither species was taken f'roJa approximatel.y 

10, 000/ • • ••• 

i 
1 
r 
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195'0 95'1 1952 

Da % Dat % D·t ~ 
Coll c ed Pa si- Coll ted a si- ol ect ara 1 

ti tism tism 

30. ; . 51 0 25'. ; . ;l. 0 20 . ; . 52 0 
8. 6. 50 1. 3 ?. 6. 51 o. ? 3 • ; . 52 0 

14. 6. ;o 0. 9 12. 6. 51 2. 4 ' · 6. 52 0. 91 
22. 6. ' 3. 2 l . ?. 51 4, 0 11. 6. ;2 1. 51 
30. 6. 5'0 1. 26. ~· 51 3. 2 18. 6 ~ 52 3. 70 

8. z· ;o 6. ? 1. • 51 o.; 25. 6. 52 1 . 20 
2. • ;o 3· 2 16. 8. 51 0. 66 2. ?. 52 o. ?1 

19. 8. 5'0 1. 8 • 8, 51 1. 25 ?. 7. 5'2 0. 93 
1 • 9. 50 o .~ 4 , . 51 .2 25. ~· 52 o. 9 

4. 9. 5'0 o. 2. 9. 3. 7 3. • 52 1. 35 
2. 10. 5I 2. 1 20. 9. 51 . 1 7. 8. 52 2. 00 
2. 11. 50 4. 0 10. 10. 5'1 5. 3 1 . 9. 52 2. 7 
8,11. 50 5. 3 17. 1 . 51 5. 90 25. 9. 52 • 

1. o. 52 • 98 
11. 1 . ; 4. '70 

1,648 1 ,931 1,145 

1953 195'4 

28. ; . 53 0 . 15 2 • ' · 54 0 . 2 a. 6.53 0 . ?2 9. 6. 54 1. ? 
1~. 6. 5'3 1.91 25. 6. 54 2. 6 
2 • 6. $3 2. ~ 9. 7. 54 2. 0 
?. ?. 53 o. 17. ?. 5'4 o.6 

15. ?. 53 o . Bl 29. ~· 5'4 0. 7 
25'. ~· 53 1. 30 11. . 54 .; 
3. • 53 1. 28 2 • 8. 5'4 . 2 
; . B. 53 1,80 • 9.54 2. 0 
1. 9. 53 2. 22 24. 9.,. 2. 6 
9. 9. 53 3.15 4.10. 5 3.6 
1. 10. 53 4.05 22. 10, 5 4, 0 
0 ,10 . 53 4.60 29. 1 . 54 5.0 

1, 73 1, ?80 

Larv 1 pa~ tism at s 1 v 1 Plant tion. 
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1o,.ooo I·· ,SI£Npt'&1 l.a.rYaejexuln.e4 ·bT the 

- ter 41U'i.Jls 1;he eouae of ' 7Mr8. ' 

Aaother parasi'ba at preaat totmcl 1n the 
' ' . ' 

Jess18YIIle an4. Sp1. tJJcop pl.an1at1:cms ia Qau&-

.J,Kil OQIQ1RPI1il Jleis• ~· pa:n.aite ·wu t.a­

poried · trom the u.s. A. tn 1942 and :rel.easect 1n 
' . 

these ~- wit~ •• o~ ect ·of .coatltoilins 
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J· :LA,anr' 'I • !h!a step lla4. 'been ' -- before . 
it ..,. l:Wll • ., how .IUU\T btigaou puasitea ot 

, . ' . ' 

.&.· i\lnilllll alrtltAl' ooc~ ill the plantatiou* 
I 

D4 al.oqh idle Cf•IIUrla:' eaQIMfA ·wu .re-

oanre4 troa 'both. artu by. th• w.rt ter dllrin& 19501 
' it h8a . bee .,..bU.oect tha't the n:iaber ot l.a.n'ae 

&ttaoJ&•4 tv' *• puulte iJl, the .Jeaa1tvale plan•­

•tta• t.• •tx•-..17 _,1, an4 the liberation ot 
tld.e paraSi-te has tbWJ ol.aarJ.F a;ot ooDtrlbu.te4 

, 

••· 'o the control o~ .i• !tD'!II1 II" 
· !&!bat iaDQW:a 9&1PII1il !1M eaocHd.d iii 

U&pUD« l1a.U •8'1:7 weu to coadiuou in s.A, ia 

prove4 'b7 the fact. ~hat -.he writer . hae a.l.readl' toca4 

the paraai te 20 .U•• ft81 ·au4 10 tdln eoct"th ot 
Jeaateva:te u o-ther plawtuu, . In the Spitaop 

area it ha8 'been towut 'io ld.leiJ 'norih' of the J].a­

tation . in, la:t"rae ot l»dMrJl 1~ ·• dSM• coUeott4 

b7 the w:ri 1;er iD an ma.s-ou torea ... · 

, In View of the 4ot tha-t taa bie1ogr ot the para-. 
at-.e has bee worked ou.t by aeverB.l wxi:t:era in' 
~ope and the u.s •. A.. it •a not oon8id8red. nee• ... . 

' ' 

·sa;q ~ un4~ · tllnhtr ltio10Bl,oal s1Picli.ea oa 

·fbi• w~t. 

In the sra»h in n.&. 80. Piotte4 h'c*. the clata 
( > '· 

in •bl.e 21., 'two »eP• -.y oJ.earl-7 be obs-.rved 1n 

the percen-.,e of l.a:t-r&e a'Vtaoked b7 parasites. !he1 

..,;, ...... . 
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two peaks may be ascri bad to the · two groups 1n whieh the 

l arval paras1 tes o cur. "etgoms tr11inaatua alone is 

rasp nsible for the first peak, wnile the second peak is 

caused mainly by Taeh1,na tally and Pa,les blophgriws. The 

trou in the centre er the raph is due to the tact that 

the larvae become too big for Metagru.g tril1patua to para­

sitise, and secondly, the winter months initially curb the 

activity ot the second group of larval parasites. The cli­

max of the second peak a pears only atter the larvae have 

pupa ted t a.nQ can only be determined by making pupal collec• 

t1ons. 

(iii) Pupal paras1 tea. , 

In order to determine which parasites attack the 

pupae and the art played by them, pupae were collected wheil 

a'failable e\fery week tor 5' years and kept under obsel"'at1on 

in the labo1Qto17. 

The pu,pae were maintained under condi tiona resem­

bling as closely as poes1ble those prevailinlttn the planta­

tion, in cage a covered w! th glass on one side to allow light 

to penet~te from one side only. As soon as the parasites 

and moths . appear, they are attracted to the light and set-

tle on the glass Ud where tl'ley are caught. 

The following para1ites were obtained in this 

manner. 

(i) Pimpl& biQRlAE Bouche Ichneumonidae ymenop. ( Fig.,~~ ) 

(ii) f· groga.tsa Toaq. Ichneumonidae ymanop. (Fig. 81) 

( 111 ) Nathprpn1a ulAPQUta Higr. Ichneumonidae 
Hymanop. . (Fig. 82) 

(iv) Ippbraggn Lugapa Br. ~conidae ymenop. (Fi g. 83) 

Three paras1 tes were also obtained 1 Ac. X. 82, 

Ac.x. 84 and Ac.X.l08 (Fig 84). or these three, only Ac. 

x. 84 was identified as a Pimplf sp., while the 1denti ty of 

the other twc has not been determined. 

Ot/. •• ••• 
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pupae 
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pupo.a 
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195'1-2 

Date ~ Dnte ~ Date 
Collected Parasi- Collcctod Pnras1· Collected 

tism tism 

~.11. 5'0 1.5' 30,1U, 51 :?.1 .20.11.5'2 
.12. so o.; 6.11. 5l 7.7 24.11.5'2 

15'.12.5'0 1.~ 13.11. 71 lC.O 29.11.5'2 
22.12.SO 2. 22.11. 51 12.~ 1.12.5'2 
3. 1. 5'1 g·' ;?9.11. 51 11. ;.12. 5'2 

11. 1. ;1. .o 12.12. ;'1 1~.; 10.1?..$2 
1~. 1.51 z·2 ~1.1~. 5l 14.1 13.12. 5'2 
P6 •. 1.5'l .4 3. 1. 5'2 14.3 21.12.5'2 
4, 2.5'1 ~·6 26.12. 52 
8. 2.~ 14:~ 29.12. 5'2 

15'. 2. 5'1 ;. 1.5'3 
10. 1.~ 
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A 

J' 
Paro.f!i• 

tism 

4.75' 
4.5' 
6·3 .o 
~·9 .; o.; 
().0 

11.3 
16.1 
1z.9 
1 .o 

8,144 6,728 11,021 

195'3-4 1<;5'4-5' 

17.11. 5'3 o.~ ll.l0.5'4 2.7 
24.11.5'3 1. 1, .1o. 5'4 2.3 
1.12. 5'3 o.s 20.10, 5'4 '·~ 9.12.$3 2.2 6.11.5'4 6, 

19.12. 53 2.2 10.11.5'4 6.z 
30.12.53 3.2 23.11. 5'4 6. 

7. l. 5'4 i·6 r9.11. 5'4 8.65' 
14. 1.5'4 .1 9.12.;4 8.7 
21. 1. 5'4 lf:~ 15'.12. 5'4 8,4 

2. 2. ;4 ?1.1?. 5'4 9.8 
10. 2.$4 15'.3 23.1~. 5'4 10.2 

~. 1.5'5' 12.7 
13. 1.5'; 12.7 
'· 2. ;; 14.7 

6,75'9 12,223 

:1:~1211 22· 
Pur,al parasitism at Jose1evnlo. 

I l 
--:-!. -:---11950 

I I ! I i 

i"'"' 
')--·~·· .... .:... /-·~-- /1952-!il i i i i 

:1953-' .. : o!. 195'-! i //l l 

! I I 
I 

i/T7 -. -·-if-·1 ! I r-----i -
1_ •• - -~--· i'- ;---

_,_.-·-··· -·-- ·--· lt: I l:-·-··r I :I/ . 
·., ' I 

l-'/ (:> ---- . : ~'/' [// [,_-~' 
~I :/-

~/ -. 1_ ••• •· ~/- -·- ;,. -- '---+ ---~- i ---· 
:.---· ~·-- v/ i 

1.---- __ .yr.·--! . 
i . 

_/ 
!---- _./ .---. ;1' I ! i --~ . - ~/' li .. l ! ~----b . 

~Idem 
_....-- . 

•j I ! 
-·;-- "" 1·-

p 
'N IV a'~R lo c B R .l 2' 

FriaRu1, ' JAN ' ,. + 

Fig. ~. 
Pupal parn.~~.tir.M dur:lnt the ~rco.rs '.<;50·55 at 
_ Zo~siavala. 
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Of all the pupal parasites it was only poss1 bla 
' 

t·o infest pupae and rea.;r to matut'i~Y the three liimRl.·~ spp.,, 

UptAAD?Dii lil&Q&om Higr, and Ae!JX.82 in the laboratory. 

6Robmeon :1.1Rana :Br, and Ac.x,lo.a ware ·cbta:tnod tro.m pUpae 

colleetoo in the plantation but all attempts. to infest· pu .... 
. . . ' 

pas with these parasites ~ave OOEm ·un~O!JSBSfUll ·tt may 

even bo tbat ·tbeso two apec1es, l1k0 the !achlnid& mentioned 

above, are larval .ana not . pupal. pa.raet tes.. However, 1t1 thG 
. ' 

.la.bol'EJ.torr th~y did not oviposit 1n l:-anao exposed to them, 

. fhe 'only pa:rasi te ot the above . men:tioned sevon 

that ha.s any <talue tn the .eontrol of' I• · tsnl1¢nA1j,g pupae . 

·tn Jessievale is ,2lmPl.ll1J.cg1Qa: Bouche. the· ethers occur 

1n suCh small numbers that in most years thay cannot even 
' i . 

be traced in pupal eolleotions. · For this reason the .graphs 

1n Fig. 86 that WGre plotted from tile data compiled in ta­

ble 22 reflect only the percentage pa.ras1t1.sm by filDPli Jd.,: 

oQlgr~ ':fh~ biclogy of .L 1;4QQ12t has been worked out and 
..... ' . ' 

appears later in tl:i1s thesis.· · 
;!;. •• .. 

There is no significant difference between the . -

lowest ~ ·of pupal· parasl ti·sm, whieh was reco~etl dttrln.g 1951• 

and the highest percentage wh1eh ooc:"urred ·durl.ng 19.S.2 
·, 

<x2 ~= o.4238 ]) .• F.,l), which once more indicates the stability 

oi' ef'tect ot this group of parasites in controlling i,. );er~ 

m'tualtg. 
!hG highest percentage ot parasitism that .occunecl 

. -
in the pupa was 18.0% in 1·9;2/?3, while the lowest was 14.3~ 

1n 19'51/ ;'2~ ThG ·pupal parasites • pe.rtteUlarly E.• W.G21PZt 

at'G therefore mtteh more. stable than the ·egg or larval pa• 

rasites, where the variation irJ. the different ye.ars was oon• 

;Siderably higher • 

(! v) c.ombined influence of all the pa.ras1 tes on tho 
J.• ta£m.1,QQJ,&i population. 

The max1tnttm number ot .a •. ~sa;m1n§l1;1 ct a.11 stagGs 

destroyed by parasites be·tw~en 19513 and 19;4 occurred tn 

l9S'O/., • •• •• 
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195t) ... 1 t ,....... CJillJ 41.~. 

Ill table 23 the peroetace paradtt.• that oo­

ettrn4 m the leadnale planta~ f1011 1950-~ t.a N• 

neote4. 

• 4eltl0,.. b.r Paad '-•• 

!'-.r 
.... 014er total~ 

Bill larw&e lartae Papu tie pai'&G U.Hd 

1950 22.00 '·' J.3 14.1 41,29 

~-9~ o.sa 4,0 ,.,, 14.3 23.03 

195'2 u.99 3.7 4.7 18.0 33.'11 

195'3 2,06 Z.J 4.6 1J.3 a,84 
~95'4 4,00 2.6 J.o 14.7 14.23 

oJ/!IIL I S\(i1·03 . t-J. . b»• Zl· -~ '>: 
' ) 

Awa1e of populatioa 4en~e,.a m J ,..ar• • 29.03}-
,q+' 

Acoo!dllll to •• lu1a _. Sid th" a ttparasi te, to 

replate the populat1011 denlit7 ot ita hoat, that ia, it 

t.t 1a to hold the populat1011 c1eadt7 wlth111 111lita, &'f014• 

1DI either aoead.w iaoN&H or atelldnation, it ••t 
h&'fe the ab111t7 to deat107 a creater taotioa ot tbe hoat 

pepU1at1oa *• tht 4ea1t7 ot the latter la hiper thaD 

1111a it 11 low"• 
!he ...... ~maber ot ... populatloa ot .. ar-

"Ml'l 4ens-o,..e bJ' paradti• "'~' a pel'lod ot 5' ,...n 1a 

the Jeadnale plantat101lt 1ll tUM ana. OD.17 11ben the 

populatloa •• at lta peak lewl aaoullte4 to a MN 41.~. 

Por paraa1 tea to p1&7 a. appnelable nll 1a oan.tro111ac 

bJdld-ap of the holt 1Jlaeot9 lt la ceul8117' ac•ptect that 

paraa1t1• lhould at lean aoee4 ,_, It 11 t1ma o1ur 

that the paraai~ot L \tDIMli• to net play a -~or pan 

in mppnadaa J.. h'I!Dt~t • J)Op1llatloaa 111 the Jesa1eftle 

p1antatl01l, 

(b) bali$'• fJad. tp »• •lint tl•o BrND''''• 
!he taoton pl.a71nl tile ••' lllponant part 1ft the 

oontroll ••• 
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control of 1· um1na1il 1n the Jess1evale plantation, 

are fungal pare.si tes amongst the larva~ and pupae. The 

most important fungal parasite amongst the larvae, 1s the 

grey or locust fUngus, Emp;.g grY],lS, Press., and amongst 
f 

the pupae, the tungus Isar;ia tadJloal (Dicks.) Pr •. ~~ _, ,',,JJd.;; Band bacterial diseases also occur amongst the larvae, , , 
but they are of llinor importance when compared w1 th 11:. 

pug ftflll. 

(1) Fungal parasites of the larvae. 

The grey or loeust fungUs (Fig 87 and 88) wh1eh 

is the most impo:rtant factor 1n the control of I· tompaUG 

larvae was found on locusts in South Af'rlea as early as 

1896. Various workers 9 sueh as Skaife (1925'), llcllart1n 

(1935') and Schaefer (1936) investigated the occurrence ot 

the disease on the red locust, Nomadagn,s gggtemfa.sc1Gta. 

Tbe1r general conclusions were that the fungus 

could not be bred and that it was not at all clear how the 

disease was transferred from one insect to another. 

ill· §8. 

Germinating conidia or .E.. ,g¢11. 
(After E. Schaefer). 

A general/ ••••••• 
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rvae att e 

Plots larval counts e rri d out. 

Plot or ani d for arva t upat • 



I 
\ ' 

A 1eneNl. op:ln.lon •• 1ibat an ou.tbftak ot II: 
w• cmtt w to be pnoed.ed b1 cop101U ratna, •• 1a 

moat caHa the 4laea• •• noticed ,, c locusts only at• 

tar nell raiDs had fallen. •-artia (193~, ho•v•rt 

tcnmd that an outbreak of the cts.aeaee amon1at insects 

oceuned before he&Y)' l'&Wt wbioh oan be contirmed b7 

the observations 1n the Jeesie9&le plazttat1on. 

After a sttxd1 ot the ooftlftftoe ot tbia paaaite 

on J,. taiJdp" t •, 1 t •• conolu4e4 t»t 1 t •• cldef17 a 

ctend t1 ~ftall tr taotor, aa the lanae beooaae 1DtecW 

b.Y the tungua at. tbe 1tace wbell the7 had reaohed peak dea• 

a.tr ot .population. . 
The tact tbat the· ttmcua oceura amonast loauata 
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· atter hea., 18J.na, 11 pze'bably related to the taot that 

large rmabera of locntata hatch atter ltloh !dn11 w1 th the 

renlt that their populatlOD 4cdt7 1a hlp enoup to oauH 

nell an epidTo• 

In the J esd.evale area 1 t •• tnquently aeell tbat 

11here. the popUlation of L \tn&D•l&l !a a ooapartment •• 

hlp eour;h to oauH c1etouauea, the7 pedlhed ill large 

nabera from lmmM crzatt iDteotiODt 11blle 111 a4~oinSnl 

compartMftta where tl:ut population •• at a lower le-vel, 1 t 

•• a ral't tr to diaoover a larva that had wee• bed to the 
tungns. 

!he or1tioal denllty to be reaohe4 bf the 1- ter: 

Pdn•:Jtl popUlat10D before tbi1 tu111al parasite operate• at 

peak ett1eaat 1ft tu .Teaalnalt plantaUc 11 equal to the 

popU].atloD dendtJ reqUS.NI to 'brlnl about complete de~olia• 

tion ot COJIP&JI"tMD'• ot 8 ... 10 ,.as-- olA 1- patH' • tre••• 

As lho'lll 1ll Pia. 72, 73 ad 74t the popUlation tbat. defol1a• 

te 70'811 traea ia unable to cause 'fis:J.bl• damase to larger 

and older tre••• and the reaeon 11bY the larger tree• are 

net defo11a tad 11 beoau• the tanpe wipe a wt the popu• 

lation ot 1- ti•mSM' ta before the peat is able to reach the 

required/ ••••• •• 
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! 
t 

n~NII 4tn11t7 to do so. !hie denlitJ varltl betwen 

30 and 40 larwe lD tb.e croe per .sq. toot ot soil ~ttr­

ta.ce below a tree·, since ·th!a 1s the maber or larvae 

per square toot ne.tde4 to defoliate an 8 - 10 yeas- old 

tree, 
In older to ascertain the exaot nuaber ot lar­

.. Yae that noCWitb to this paras1te1 the tollowin& esperl• 
. ' I • 

ment •s carried out in the J essieftle plantation durin&. 

1951. 

lll aa area when an outbreak ot 1- '•"'»'"' 
' 

threatenel., tour plots of 40 x 40 feet on the forest floor 

were completel)' oleaNI!l of leave• and other debr.la • . . !he 

giOUDd:ievened and ' rtmied do• *'" loo••· (n.. 89). 
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!he plot waa thell collJ)1ete1y .fenced !n by atoold.nc 
' . 

round 1 t ·1011 of 9 inches diameter ill three tiera. The 

outa1de or this fence waa banke4 up to the top with ao11. 

There was ·no point ill the renee through which larvae eoUld . ~ ' " . 

' ' 

escape. Lam.t.· tba.'t had r&llen fi'OII a tree b)' accident 
~ ~ ' . 

· into ·the eneloiure climbed up the 27 inch ~ence tor only 

a small d1 stance, then retumed to the ao11 j\lrface • 

.. , !he tour plots eontained an awrase ot ttn treea 

eaob, and the1i' ozro••• and the ct-.:»-..- ot tae treea outl14e 

the plot touehe4 ·to t ·e>·!ll a closed canopr. Bach moa1Dc 

au the lanae that b~ died and 41'0pped _to tht gl'OUD4 du-
. ' . 

ring the past 24· houn •n eolleoted and eoUD,ted •. 

Wha the tiae arrived tor the lanu to pup•te1 

the p.lots we·re organised 1ft such a .,. tha~ . the7 were able 

to pUpate w:1 th1Jl ,the ana and ·eoUld eaaU)' be ntrle'fed 

(Fig.. 90). · The rough bark around the basis or the tree 

trunks in the tnclosure •• 1'8110ft4 · to pnvent the larvae . 

from pupating Ull1881'1 1ll the cre'flces in the bark, Ro\m4 

the tl'Ullkt and alon& the 1rll1de of the fence a strip of 

needles 6 1nohea wide· and ,3 inches deep •• stacked on tlle 

.ground. DistribUted over the plot SJDBll · round billets of 

wood, 4 inches thick and 12 inches long are stacked in 
groupal ••• 
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- - - .- - - - - - - - - - ------------

tsa;i§ F Fr. 

A. Habi t ot th run on d a ad ca te rpill r of' --..--. .. 
rubi, after Tulasn • 

B. ertil hyphae andin in eonidiop o s and coni 1 , 
after Tul sn • 

c. l it, after errar s. 
n,. ;; ' F , G. 

abi t of tho f s on iffiproeti~ ~,;;,a....-;...,. .... 
sievale , agnifiod . 

t Jes-

t I. J II 

ortile b ae th co idiophores and conidia from 
Jessievale speeimens, 

• Conidia from J ss1evale sp oi ens • 
· yp ae th ta conidia ad er1ng to the , from 

J ssiovale specimens. 
L. 

nus fUngus developes in the pupae lying und r 

the needle at and pushes 1 ts fertile hyphae from th pupa 

to t e surtaee ot the grou d ere theY become ite due 

to th lar a number of conidia on them. e conidia sc t-

tar on the r rest floor as a result of the action of nd 

and rain, and t rch 

ot a suit p ace to pupa e , b coma 1nt cted th th coni• 

dia , and t e fungus then evelopas in them. 

In fig . 92
1 

~ch r . P ••• Tal ot as kind n ug 

to pr pare , the different stages in the development of the 

run s/ •••• •. 



~sua aM p1ctuN4. 

AdUlt I• t•J!dn•J'' larvae oa the pcint ot pU• 

pating were allo...S to crawl over 1Dteoted pupae coveN4 

with white oonid1&t 1ft ·the labontol'Y, 8n4 1n six ot the 
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ten larvae,Iprta tanne• developed 1D. the pUpae, while the 

other tour appeared nomal· and eaerae4 as moths. It ·appeara. 

therefore, that the .tanps1 unl1ke llm!M •n1l'• 1s not dS'· I 

t1~ t to tranai t to healtbr insecta. 

Judcinl b)' the periods t4' outbreak ot this tungua 

in pupae, 1 t appears that ooDdltions ot high 1101ature are 

nqUired . tor the d1ae&M to deft1op. !able 24 lhowa that 

during the yean 1951/53 a CCDa1derab1e rmaber ot pupae 

were killed b1 IMrtl tamaa, while in the 1ean 1949-50 

and 195'4 there were eo few that the ttgures were in every 

case olllr a traction ot ora.e percent. In the years when 

the outbreaks oocu.rftCl, the ftJ.Dfall was above noma11a 

the three IIOilths dUfta& *loll~ pupae were preaent in the 

lese1eva11 plantation. In the other three 7ean the rain­

tall was below nomal. fhe highest peroentace ot pup~ 

was destroyed by tia1a disease durlnc 19Sl • 

I! ear 

~949 

195b 
1951 
19~2 

1953 
195'4 

.=_ 

Baiatal.l Sri •••• 

pupal dead October Nowmber December 

... 91.4 92.2 174.8 

- 66.3 82 21~.7 

74 125'.4 41.7 229.0 
66 46.6 22~.~ 175'.1 
62 64.8 305'.0 75'.1 - 100.9 178.4 53.7 . 

i 

ro~· 2!· 

'lf~'""H" outbreaks aDI .IUJltall u i pup~perlod at .Tead.evale. 

-· 

Total, 

3~.4 

364.2 
396.1 
447.2 
445'.1 

330.0 

Coablnedl ••• 



157 

Combined influence of the environmental re­

sistance factors on the E. terminalis populat~. 

Up to the present the attention has been drawn, 

and as far as possible in percentage form, to the pro­

portion of i· terminalis populations annually destroyed 

individually by the various f actors comparing the environ­

mental resistance of the insect. 

The only year during which fUll information was 

obtained concerning the controlling influence of each 

factor was 1951 , and in table 25 is reflected the combined 

influence of al l the environmental factors in an area 

where a complete defoliation has occurred• 

It can be clearly seen from the table that during 

· 1951, as experimentally determined , 99.71% of the i· 12I= 

minalis population was destroyed by the various controlling 
I 

factors, Empusa grY111 clearly being the factor responsible 

for most of the mortality. 

m 
M 
M 

pi! 

p, 58% 

Cll Cll~ Cll • 
Q)ll.O Q) Q) Q) as ~'0 

4Jg(l) 4J 4J '0 Q) 

j~ 
4J4J as m ~ 00> 

..-t as o ..-t r-t as O•rl Q) •rl 0 ..-t:>. 
mot> a> mOt> Q)Cil~a! ~~ r-lft-14J0 
as :>. ~ mas ~ m cd ..-! P.. cd..-1 a!Ocd~ 

~ as ~~~as ~~ ;:::$ Cll~ 4J r-14J 
a!~r-1 Hcd..-tr-1 Hal P.. H as 0 ;:jCil 
P....-1 p.. p.. ft-.1 E-1 P.,Q) 

oro 
p. 

4.0% 5.9% 91 .48% 14.3% 74.0% 99.71% 

97.38% 88.3% 

Table 25. 

The sum of the. environmental resistance 
factors at Jessievale during 1951. 

The various factors which collectively serve to 

control~ 1· terminalis vary considerably in their individual 

effect+veness. By referring to Table 25 it will be seen 

that there is no Significant difference between the control­

ling influence exerted by the egg parasites, and these af­

fecting the young as well as the old larvae (~ • 3.070.D.F.2), 

but there is a significant difference betwee parasitism by 

alll •••••• 



all the above mentioned para 1 tes and the upal parasites 

(X. • 3.070; n.F.2), It ~ c thus appear t at ti e in-

sects pa.rasi t1sing i• tpfiD1halis the pupal parasites have 

the hi ghest value. 

Although there is no significant difference be- ' 

tween the effectiveness of the fungus parasites, Empusa 

gW,11 an Isarii ran,p,psa (x.2 • 0.444 n .F. l) it must not 

ba lost out of sigh·t that 1.• tannos1 destroys relatively 

only a small preport1on of the total popul tion. 

During the years 1949/;o and 195'2/5'4 it was pos­

sible to determine only the controllin . influence or the 

insect parasites and th fungUs lsar:t1 farigpsa. An ex• 

periment such as descr:l. bed to determine the exact larval 
• 

mortality due to • sa111, is an enormous task that could 

unfortunately not be carried out eaeh year. 

In View or the fact that , in any eompal'tment 1n 

which an outbreak occurs, thousands of dead larvae infested 

by 1.• gmJ,i may always e round, 1 t can be accepted that 

this di"ase , in any such year, plays as vital a part 1n 

reducing the population density .in t a affected areas as it 
' 

did during 1951 when the detailed survey and analyses could 

be made . 
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During the year immediately following one when 

peak populations of i • terminQli§ have been nearly complete• 

ly wiped out by 1-. grzll J , no fresh outbreaks will occur in 

that particular section of a plantation. In the graphs 

plotted in Fig. 72, 73 and 74 the drop ef severed needles, 

during the year after such a peak population has been near­

ly wiped out by the fun al parasite , is compared w1 th that 

recorded during the p:;:-eeedine year. It is abundantly clear 

tnat the population level tho year after the parasites had 

played their part w&.s extre aly low. From this point the 

cycle begins ane , the population density increasing pro-

ressi vely from year to year until once more the eri tical 

level is reached and • RtYl~ once again exerts its vital 

oontrollin influence. 
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CHA Vlll, 

T 

• 

PHEGEUS . rx N. 

( ig . 3) be to th 

family Scelionid , 11 th known bers of hieh r 

parasitic upon the eggs of he 

is kno to be ara 1 tic only upon the eg of Lepi o tera 

and le pter • 

TELENOM US PHEGEU S, NI XO N. 

The 1 on. 

(a) §reel ing Teghfnigue. 

t his minute p r n te, hieh attacks t he eg s of 

Euprogtis bre ds very r adily under 1 b r tory 

cond tiona ,1 •••• 
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con.dit i ns, and to study its iology, the freshly l aid eggs 

of l£ . terminalil ere used . The eg a were r emoved trom the 

hair· mass, with vthich the oth covers them, and ere evenly 

pr ead on etted gummed pap r t o whieh t hey adhere as the 

gum dries . Sections of th s aper w:t th the desired number 

of eg s on them ere cut t or ex erimental use. 

(b) Feeding and lpncey!tx qt ady,l,ta . 

All experiment 1 ork was done under labor at ory co~ 

ditions at 20°C . 

The par s i tes ere reared i n Petri-dishes or 

glass vials cont aining a small pad or moist cotton wool 

and were found to thri ve on a honey diet provided that it 

was made available to them in such a war that they did not 

get stuck in it. In order t o revent this, a drop or 
honey was placed on the side of the Petri•dish or glass vial 

and a ieee of perforated paper wa.a then firmly pres ed 

• over the h ney, covering it and thus adheri.ng to the side of 

the glass container. The parasites ere then able to teed 

safely through the holes in the paper. · 

The influence or f ood and water on the longevi ty 

ot ;; parasites are given 1n table 23 1 where i t is clearly 

shown that starvation and lack of moisture t end to shorten. 

the life or the insect. 

With t ood lithout tooe 
and water. and water. 

Average period in days , 16 ? 

4 
~.467 

... 
~tandard deviation - - 0 ,105'4 

Significant d1t£erence 1.4212 

Table 23. 

Longevity ot adults , 

(c) Oviposition! ••• 
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(e) Oyiposition. 

The males are normally the first to hatch and imme­

diately the females emerge from the eggs they mate with them. 

The females slart ovi oslting the same day on which they 

emerge . 

The Euproetj,a e.g s on the gummed paper were kept 

in Petri-dishes for easy observations under the microscope. 

I t was found that when a female is released into a dish 

containing eggs, she immediately approaches them, climba 

on to an egg, rapidly tapning it with her antennae, and then 

alights from it to go to another egg to repeat the perfor­

mance or to start preparing to oviposit. In order to do 

this, she sits right on top of the eg~ , bends her body down­

wards, extending the ovipositor, and with the help of back.; 

ward and forward movements of the abdomen, ushea the ovi-

P sitor obliquely through the side of the egg, She nor­

mally remains in this position tor an average period ot 

3 - 3, minutes , although some females have been observed to 

remain for as lon as 15 minutes. 

Salt (193"b) stat es that one of the f actors by 

means of which the parasite Tt1chogramma can distinguish 

between parasiti sed and unparasit1aed eggs is a chemical 

trace lett on the surface of the egg. He maintains that 
1.1 this chemical trace is not a bodf od~ or the parasite, but 

a more specific smell probably produced by glands on the 

torsi, and that it is left not onlT on hosts, but also on 

the substratum on which the parasite walks . Owing to this 

.method or d1ser1minat!on, the paras! t ·e sometimes mistakes 

healthy for parasi t !sed hosts, and these, therefore escape 

parasi tism and are important in the population problem. 

In I· phegeus, however, this method or distinguish­

ing between parasitised and unparasit1sed eggs 1s further 

developed. After the parasite has ovi osited in the egg, 

she ithdraws the ovipositor , and with the extruded ovi­

positor , she brushes the e gs with a circular movement . 

This action renders the egg i .une to any turther 

parasitization/ •••• 
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parasltlsatlen. . In thla instance a smell la probably pro­

duoed by the 1landa ot the aen1:ta11a wh1oh acta aa a 41a• 

orlrd.natOJT od., and the paraaitea thu ne~er Jliatakea an 

•11 that hu been treated 1n thia -.nner tor an ~aaitiaed 

on~~. 

'l'be o~ lft.ltanoea where two re-.Iea were obaerted 

to OY1poa1t 1n t~ ·- ellt ftl whazte 1lh87 atarted to OYi• 

posit 1n the aame •11 at the aame ttae. 

When the paraa1ta attaoka an •11 oluter whioh 11 

111111 covered bf tbe lona halra tr011. tbe anal tutt of the 

temalt aoth, it will either inlen ita oYipoa1tor rlpt 

~ouch the balra or .a 1 ta wq throqh . the hair a aDd OYl• 

poai t when in ooataot with tbe aotuai e111. 

lJftder nor•l oonclitlolll, •111 "P to the aa• ot 

tour 4Q'I are nac!il.J paraa1tiae4, but thenatter tealea 

will ollly oeeaalonall,. attaok the •111. fhil phenoMnon 

11 alao •ntloned by Moutla 11· _u. (195'2) ln their work 

on the e1g paraalte fl•trt•l•ppmpe hJ1••· ltxon. It wa. 
tound howner, tbat 1t •111 were kept 1D oold atorace at a 

temperature at which the I• tqpdp•l 11 ellbJ70 oould not 

atart dneleptnc., the,. .were rea4117 paraa1t1ae4 enn 1t the 

e111 were kept tor •• lone aa 30 4Q'a t but 1t kept tor 

loncer than thla, the paraa1tea were mora reluctant to OYi• 

• 
Baldut (1926) baa, howenr, obaernd that 

tel•D91111J1 991MMP1tl Gahan, Will OY1poa1t readil,. and with 

auooeas in 'he eac ot ita boat, enn 1t 'h• ••hl7on1o J1111pb 

ot 'he holt baa ao tu den loped 'hat 1 ta pink qe1 are 

Yiaibla throu,h the chorion. 

In order to ''~ tbl para1ite in the aag ot ita 

boat, the avonal.F ch1t1n1aecl ohorlon hac! to be broken aM 

in 10 cloinc the contenta rlf the •11 waa 10 41aturlted that 

1' waa 1apo•a1ble to determine exaotly where the paraa1te 

ecc wa1 11tuatect. Clauun (1940), honnrt touad. tbll~ the 

ell of t•lenoa Ji1D1;Sf, floata rr.. in the FOlk bet ... en 

the amnion and ••rosa, and tha' the JOUDI larYa 11e1 1a 

the/ •• , •• 
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ear-l-;, 
the outer yolk layer and 1a attached by ita mouth-JJVll 

1;G the serJ'oaa. 

By opening the egg of I• tormipal1a 1 t 1a ea17 to 
I, 

determine ~ther it baa been auaceastully paraait1aed, or 

not. The contents of the parasit1ae4 ecca are much leal 

viacoua than ~oae ot h•althJ eaga. Tbroueh , thia tact no 

time na waatec! in searoh1nc through an unauoceastully 

paraa1t1aed egg tor the paraaite. 

The colour ot a newly ·laid e1g of I• ••rmtpelia · 

1a a ltcht paatel creen which ,raduall.y changea to a butt­

Jellow .in two dqs. The colour ohan1e occurs eYen when 

the ecg baa been auccesafully paraaitiaed. 

!he •11 retaina the lnatt•yellow colour untl1 the· 

parasite lana within it atart1 to pupate when it ohancea 

into a dirt)rwhi te colour. Aa the pupa become a darker, the 

.eaga shmr 'U.p t1rat and later the whole pupa beco•• faintly 

Y1aible through the ohor1on. (Pic. 98). 

The egga ot the a1lkwora were tried as an alter• 

nati'h boat,. but 1· ph1••u wo.Ulcl under no cirowutanoea 

accept thea~ .. 
(d) 11gt1o Pgtoptiel, 

In moat ot the SoeliGnidae the reproduotiye capacity 

ia rela.tinly low~ the anrage naber ot j. t:1rminalit 

egga •1· pbtiiDi female waa able to paraaitiae aucceastullJ 

waa 48, the maxil.na be inc 76. 

Th1a paraa1te 1a exeluaiftly a aolit&rJ one, an4 

even in the rare 1natanoea where two temalea ovipoaited in 

one ea1 at .the aame time, only one paraaite amerced. 

(e) Ltte oyq11 aP4 wgrphplpg ot thl 1petprl ''''''·. 

!o eatabliah the lite oyole ot thi~ parasite, paraai­

tised l• hrmiDflit eggs ware opened at regular internla 

and obaervationa made. 

The complete lite oyole ot ,t. FI''N take1 trom 

17 - 23 dqa, wherea1 1• qpaFPiplae (Baldut 1926) oompletea 

it's/ ••••••• 



164 
1.~'• lite c7cle in 9 • 10 dqs. 

The eg1 hatc~within 24 hour• attar oViposition. 
I 

i'he developMnt ot the first iJWtar take• troa 
f 

70 - 84 hour• to be completed, atter which the lana 110\llta 

to enter the second inatar., which la1t1 1~ - 20 hour•. 

!here_:atter, by a turther 110Ult the l.arft pa1ae1 into the 

)rd or final inatar which haa a durat1oa ot 20 •24 hours, 

f ollowed b7 pupation. the pUpal period 11 extended oYel' 

a period ot lS • 16 d.,w~ 

Iutar AYer:~e Standard 
Durat on. denati9n. 

Eg 24 hour• ~ 1.304 
' 

ina tar '1~ hour• ! l.J82 

• 18 hour• ) 

~ ! ·2.889 
" " 22 hour• 

Pupa 16 hourt ~ · 1.479 

lalall 2!. 

' ' 

The egg is cwate with a •lender •talk, there 

beinc ~o Y11ible demarcation between the 1talk and th-'11• 

The chorion. i1 smooth and deTOid ot sculptures. The total 
. 

1 length ot the egg 11 0.2 •• while the stalk i1 0.07' •· 

loDJ, The contents ot the ecg hal a granular appearanoe 

ln contra1t to that ot the atalk which i1 clear. 

First Instar.. (Fig. 95') 

The first 1n.tar il tran.parent on eolosion and 

a typical teleatorm larYa, wbich ia de•or1be4 b.r Clauaen 

(1940) as tollona-

"Bo¢1 •••mentation not visible, but the 
~ 

cephalothorax and abdomen seperated b7 

a constrictionl the mandible• very 
large/.· •• 



large, usually tlesby nd direct d ventral; 

th abdomen almost spherical, with one or 

more rings ot long elic te spines, and a 

long heavily olerotised bladelik pr esa 

directed ventral on th last se ment . " 

0·1mm . 

The egy ot Telenomua phegeus . 

The only r spect in h1ch 

165 

the above description 1s that the blade- lik rocess or 

tail , is fleshy and not heaYily cl rotised . AnteriorlY 

the tail has a short spine on its dorsal line . 

The two tle h7, sicltle haped mandibles are con­

tinuously moving up and down, and they prob bly break down 

the cont nt ot the egg with these move nts . Below th 

mandible t on the median v ntral line, is a tl hly process , 

which may probably repre ent the rudiment or the labiUDI .• 

fhe/ ••••• -------------------------------------------------------
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The abdomen incr~ases greatly in size as the larva 

r s older . The growth, r 1 tive the t1 in hours, is 

hown in figure 7. 

O•lrn.m. 

Fig . 9~ . 

Second and third Instars . (Fig . 96) . 
The sec nd and third in.tar h ve lo t the sickle-

ahape mandibles , th ta 1 1 and the 1 taa . Only a faint 

aeg entation is visible on the sac- liia body. 

These two 1nstara look so much alike , that it it 

was no\ for the t ct that a seeo:ru! 1.netar larva was by chance 

found to be moultin , th writer would have pr sumed that 

there ere only two ina tar • If &.n7 spiracles are present , 

they must be ve1"7 rudimentary , as [ could be observed . £~ 
F g . 96/ ••. • 
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•' 
' 

.1 mm 

Fig . 96 • 

.~fast 1nstar larva ot ..!• pher;eu.e . 

By the t i the larva pupates , 1 t has consumed the entire 

contents ot the e , except tor a olid gre n1ah substance 

hich is t und flattened inside the egg ainst one side 

ot it . This sub&tstance 11 probably the undigestable 

rood and the larval skins and excretae . aldut (1926) 

obs rved the same substanoe in ,1 • .A.QUQ»JW.&It but in thie 

caee it was yel owish in colour . 

Pupa . (Fig . 98) . 

!h pupa, which is slightlJ curved in th egg , 

is at first white , but it dually beco s d rker in colour 

until it is a dark brownish- red . The co pound aD4 eyes 

exhibit this colour change before the rest t the u a an4 

tor this reason they re the first organa to be observed 

through the chorion. ithin 36 hours the hole pupa be-

comes darkly pigmented and is then quit visible through 

the charion. 

Fig . 97/••••• 
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The adult e r es by cutting an irre ular hole (Fi • 99) 

with its mand1bl s throu h the chorion or the gg or th 

host . 

2 . TEORUS TRILI ATUS . 

re kept in 

ooden boxes with glass tops , and fed on bon y and sugar 

spread over mo st cotton wool . It is possible that they 

do not te d in the pine plant ti ns owing to th 1 ck of 

flo ers from hich to obtain nectar , but amongst the 

indigenous for sts and shrubs they probably liv muoh 
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long r , as ther is an abundance ot flo ers tro which they 

c n obt in nectar . It may be noted here that food is not 

necessary for normal parasitis t o occur . It the adults 

do feed , however , they live long r , up to 40 days , and are 

therefor able to paras1t1se re larva ; adult hich 

re kept without food only lived for an average of 28 days . 

Fig . 100/ •••••• 
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Meteorus trilineatus. 

It has b en obs rY d in som e th t dult 

p ra 1t 1 t d n the bl d h1ch out t th un 

de 7 the ovi ositor ile 1 eg • he phen 

n v r ob e v d 1n • t lthd h bl od 

droplet 

young 

ere otten tor d n the wo d , esp c1al17 in 

• 

~oon tt r eme g nc nd 1 s 

c s the 1~ 1 rol th r ale tor quite ile b 

t re copul t on occurs . 

!position may co nee as soo s 10 h urs rt r 

e rgenc • 

The te le • a par ntly r c gniz s 

t ho t b,y r pid, continu us t pping on the larv with 
170 

th / •••• • 



the antonnae. Followin such recognition .she become.s 

very exei tad and will r etum to repaat the performance • . 

She than · raises herself on her legs, bendin the abdomen 

down I'd~ and forwards, so that the ovipositor is parallel 

with the venter and projects bet en the anterior legs . 

t this stage she slowly advances towards her Victim. 

It the larva does not mo e she will remain momen­

tarily motionle s af ore thrusting the ov1pos1 tor into 1 t. 

If, ho ever, th larva should show signs of' mo ement she 

will , withou~ hesita tion, qUickly thrust the ovipositor 

into itt 11thdraw1ng it almost at once, and leaving only 

one a g in the body of the host. The whole process of ovi-

osition is completed within a f a seconds, 
* 'Spiparasi tism was frequently observed in the 

laboratory if parasites era confined 1n a ea e with one 

or more Runrog$1 a larvae, 

Lanae Which were dissected were often round to 

contain a number of eggs or young paras! tic larvae lying 

in the haemocoel. As many as seven eggs ere observed 

in some lanae, but, except in one instance wherever epi­

parasi tism occurred it was fomd that only one paras! te 

emerged. In this one case ., two adult parasite lt:tvae 

emerged from one E»prpgtia lal"'ta. 1 te often more than 

one dead tirst insta.r lar"/ae were round together with a 

live one, In such cases, the surviving larva appeared to 

have fed on the dead ones. (F1 , 101), This phenomenon 

was never observed in material eollected 1n the field. 

'It This term was suggesteci by liaViland (1922) tor cases 

here a single host has been successfUlly paras1t1sed by 

several 1nd1 viduals or the same speeies or parasite. 
' 

Fig. 101.1••••••• 
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Ftg. 101. 

Dead !irst instar larva. 
en the ovipo 1 tor is thrust into the ........ ~.... larva , 

it is accompanied. by pronounced !thing movements on the 

art of the larva. This continue tor a couple of seconds 

fter Which the larva will crawl quickly away . If the 

same larva is ehortly atte ards again approached by a 

parasite , it ill litt its head and thorax and swing them 

violently to and tro th oment the parasites antennae 

touch s it . In man, eases this movement is uccess.ful 

in chas1 the par site away. 

i osition t ke lace readil1 and rapidly . 

In on instance a female • jr111naatus parasitised seven-

teen larvae in half an hour . In many case 1 h ever, a 

· uccesstul thrust of the ovi ositor throu h the larval skin 

'does not necessarily en ure successful parasitation, since 

it has been observed th t out of 10' larvae attacked , only 

80 parasites ventually e erged . 

The paras! te does not appear to choose any par­

·ticular spot on the larva in which to oviposit, although 

the thoracic r g1on s round to be the area most commonly 

att eked . In certain cases the parasite tried unsuccess-

fully to parasitise the larvae in the head capsule, 

A series ot laboratory experiments ere conducted 

to determine whether • trilineatus could reproduce 

parthenogene~t1c lly, 

In order to ascertain this~ cocoons were isolated , 

on/ •••••• 



on to a petri-dish, and all unfertilized females which 

emerged were placed together in specially constructed 

cages. (Fig. 102) with unparasit ised Euproctis larvae. 

1 7.'1 

The cage consisted of a celluloid cylinder, two 

inches high, and just wide enough to fit closely into the 

bottom half of a 10 c. m. Petri-dish. The bottom half 

of another Petridish of similar size was placed on top of 

the cage to serve as a lid. The behaviour of the parasites 

placed in this type of cage could be studied with ease under 

a binocular miscroscope. 

Fig. 1 0.2 . 

Parasite cage. 

I 
I 

v rgins constantly produced nothing but mal~s. 
. \ 

r-.rmales, on the other hand, produced male~ ~nd 
./ I 

, 
1a,~proximately equal numbers. \i \ 

I / .\' II ' I 
I I \. \' I j 

'I ' 
, (~)' Instars of E . terminalis parasitise~;, 

females in 

II I ,:'. 
/ ·I' \I 

Only larvae from the second to f~~rh instars can 
/ \ 
b~ successfully parasitised. 

I 
The often attempt 

to/ •••••• 
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.. to oviposit in caterpillars or a later 1nst'.r• however, but 

are never sucoesstul, •as they are unable to ·~enetrate the ,, . 
I , 

thick integument. In such cases the parasiite may appl7 so 

much pressure 1n trying to pierce the integu.ent that it 

ha8 otten been obsene4 to dislOdge the larvat. It has been 
' ~ 

noted, however, that newly moulted larYae ot ~~e titth 

instar are quite often successtullJ parasitia~, but this 

is not possible once the chitin has hardened. 

When the tirst 1natar, or very younc second instar 

larYae are parasit1se4 the7 usually die, probably as a result 

ot the woutJd oauaed by the OYipoaitor, and also through 

••hock. This is not the case with the older lnstars. 

In the .younger larYae a drop ot fluid always oozes 

out ot the wound, but th1a very seldom happens in older larvae. 

For the tirst tin to six dqs after parasitiaa the 

lana teeds normally, but there attar it reaaina stationary 

in one spot, spina a few silk threads onto the surface on 

Which it is resting and re•1na there until it dies • 

When the paraait•V1• tullrown, it cna•• a hole v~~ 
throuch the larYal intecu.nt, throUih which irregular rupture 

1 t wriggles, and comencea a pinning 1 ts cocoon. The 

lpprggtia larYa continues to live tor another ten daTa, 

but never pupates ~ 

(d) LUt gule eM mprpholpg pt the imtpjtprt atogeg. 

Ecc• 1'he egg (Pig. 103) which is oviposited in the 

host larva is at 1:ached by a pedicel to the internal organa 

ot the larva. ManJ authora seem to doubt that the pedicel 

is ever used as an orcan ot attac~nt, but Faure (1926) 

also observed the same pheno•nora ira A·putelea gloMratg. 

The pale brownish-7ellow egg is cylindrical in 

shape, beine rounded at the end bearinc the JDTOroNtTle, 

while at the opposite end is situated the slender tapering 

pedicel, 

The total length ot the egg is 0. 2mm., while the 

pedicel is o.,o6 mm .. long, The thin transparent chorion 

bears/ r •••••• 



b l'S 1 mark! 

o-o$" 
m.m 

:~(~>.)tj 

It 
··.:·~~P.,J.:~ 
··:.):f.::: 

Th gg or • trili eatus . 

175 

fter the egg has b en laid , the rnbryo tart to 

develo , d th e i cr ases in ize . The stalk , h ever, 

r i ns th s e size through ut . The embryo increases 

so much in size that just bef re the larva h tches - fter 

120 hours - th e g , excl uding th lk, attains a length 

or . 8 - o. mm. ·ith idth r .3 mm. at ts widest point . 

( 1 • 1 ) . This incr ase in ize during incubation 

is 1nly found i n the uph rin e and etiorin e of the 

f amily Broe~onid e , and 1 t is pro ably due to alloll:t1 n of [ } 

fluids from the host by the d velopin e bryo. 

en the 1 va h tehe from th eg it is co 

pletely enclosed in 

thro ha ion embrane , 

br e , c 11ed the trophic or 

(Fig. 105') . The br ne occurs 

in the Braconid , and s cial y in the subfamilies, 

groga.st~inae, teorinae , Eupharinae and Opinae . In 

does not cover 

the larva after it has hatched , but remain in th egg shell . 

eteoru§/ ••••••••• 

L.._ 



~eteorus tr111neatus, on the other hand, is en­

closed by this meabrane for about 48 hours atter it hal 

ha'""'•'AW'Io 

0·~. 
mm. 

Fig. 10+, 

V•ntral aspect ot embryo. 

0•5-M.M. 

fig. lOj'. 
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The troPhic .. mbrane consists ot one layer ot 

transparent htxa1onal cells and as the larva grows in this 

"envelope" the cells or the me•brane also increase 1n size. 

~he/ •• ,, ••••••• 
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The oella continu. crowtnc after the lana baa 

broken out of the "envelope". At first th1a torn ••wane 

reta1na 1 ta abape and fora, but after 24 houra the mellbl'aM 

cella, which have now become apher1oal in ah~, break apart 

and reaemble a bunoh of grapes. the 1n41Y1dual cella becin 

to float tree 1n the bod,J ot the hoat aad maintain an in• 

dependant exlatance. Sinoe the oella are able to 1noreaae 

in a1H theJ' JDUt be able to abaorb nutritin matter ho• 

the blood of the boat. Jackson (193S) put forward the 

theOJT thai the oella atore up tat abaorbecl troa the bodf 

fluids of th8 boat. 

At tbe tiM when the lam relpt\JI'ea the ••braae, 

the cella are o.02J ... in di ... te~, but after 164 houra 

theJ' have becae apherioally abaped 1 looae cella w1 th a 

diaMter ftl71n& trom o.os to 0.12 •• · this. repreaellta 

a volume increase ot about 100 t1Ma. the oella are 

light J'ellowiah 1D colour aDd c()naiata ot a ll'amalar atrao­

ture. Bo nualaua ia vl1ibla. 

In the · third lal"ftl iutar period ot the paraa1te 

we tinct that all the trophio oell• ban diaappeared, and 

it la YeZT 11kel.J' tbat thq an eaten bJ' the aeoolld and 

third inatua. 

Firat Inatar. (1'11•• 106 anct 101>. 

Aa 1oon aa the larn ia read7 to ••rae troa the 

mearane, 1 t beco•a YeJ7 aot1v•• It ia ot the caudate 

lanal 'net which Clauaen (1940) detlnaa u diatlnctlJ' 

aegMnted, the body u.uall7 aomnhat eloncated, aad the 

la•t ••c•nt 1104 1t1ed into a !'l•s~ ta11•11ke ora an. 

The caudate larYae are uauall7 touad ln the 

Meteorinae aDd Aph11clinae. There are thirteen well d•tlned 
·, 

bociJ' ••a•n•*, the la1t one belna drawn out to tor• tile 
"tall". 

The tall.• or anal Yealolea ot A•pt•l••, Migrg-
. " 

'''''' aDd 11srpp11±•• dltter .or~oloa1oallJ troa \hat ot 

lfiStprpa and Dlwepp. Accordina to Ul.]7ett (1944) lt 

la/••••••••• 
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Ne ly h tch d 1 rv nex to 
trophic ac . 

o·ci rom. 

Fig . 107. 

First instar 1 rva ho in the 1 st 
gment hich 1 dr wn out into 

t 11. 

The t 11 or 1 t s nt 1 t it wid t t it . 
of or in, that is, n xt to th 

t-
t lth n , and 

orr to point . It i tr n p r nt or an lined 

by oder 1 yer d till d with blood, h1ch cir-

tr ly ith1n it . 

The to al 1 n th or the n w y hatch d l r 1 

1 ./ ••••••• 
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1 mm. , the tail being 0, 4 mm. in length. Seen tro the 

lateral view, tho larva is slightly convex. In ost ot the 

M§teoru, species setae or tubercl s or both are found $n 

the skin, but in th case or • tr111neatua the skin is 

smooth and ny. 

ead and nd1b es . (Fig . 108) . 

Fig , to8. 
Head or first 1nstar larva . 

The head consiat or a g lden bro , heavily chit1n1sed , 

ventrally tl ttened head capsule . 

pointed , sickle shaped mandibles . 

It bears two very shar lJ 

In • trilinaatua, the 

mandibles are smooth with no lateral te th. The mandibles 

are continually in motion, and probably serve to break up 

the rat bodies or the host . 

Tracheal system. 

A primary tra h~l syste is round in thi instar , 

and since resp i ati n is apneustic , spiracles are baent . 

The tracheal syste cons~s or t o main longitu­

dinal trachea which 1 e on either side or the body, being 

joined in the first segment by a dorsal and ventral commisure , 

The larva lives submerged in the liquid edium or the host's 

body/ • • •••• 
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body, and as it has no connection with its traehi.§.l system 

or with the outside atmosphere, and has no gills, it must 

breathe through the skin, thus being dermatop~eustic . L IJ,. 

After 12 hours the first instar moults to become 

the second instar, 

Function of the tail, ,. 
Many functions such as locomotion, {Seurat 1899) 

excretion { eissenberg 19 9)t and resp.i.re.tion (Tothill 
t 

1922) have been aaeribed to this a pendage . For a long 

time, the function or respiration was assumed to be the 

most likely but Thorpe {1932) proved without doubt, with 

the aid of luminiscent bacterium, ll• phoaphgresgens that 

the tail is not associated with a117 oxygen uptake at all, 

Ullyett {1944) ascribed a new function to the tail. 

In a study of Angltia spp . he observed how the tail was 

used to rupture the chorion or the egg. Just before the 

larva hatches, it starts rhythmical backwards and forwards 

movements with the tail, actuated by the muscles or the 

posterior abdominal segments . The dorsal surface or the 

tail is closely adpr ssed to the chorion, thus enabling a 

sawing moti n along the midventral line , while the head 

remains co letely motionless . After some time, the chorion 

rips suddenly along that line, and so's the larva tree. 

In~. trilineatys the emargence from the egg may 

possibly be eaused by the internal pressure set Up by the 

growing embryo, as now "'aments can ile seen at this st!lge. 

The emergence of the larva from the trophic membr ane is, 

however, helped by the movement of the tail in a modified 

manner to that described above. 

The tail is folded under the ventral surface ot 

the larva 1n the trophic membrane, (Fig. 105). B.Y contrac­

ting the abdominal muscles the larva forces blood into the 

t ail/ •••••• 

.,. 
Publications not seen by writer . (Ullyett 1944) 
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tail, causing it to straight n and press gainst the pos~t rior 

end thus forcing the larv forward . This process continues 

tor some ti e until the anterior portion ot the membrane 

is ruptured, d the larva pushed ut . The sawlike 

otion ot the tail on the po terior end do s ot ca se the 

sac t~upture as in Ang1tia . The ndible are not us d 

in this process , and onl7 start functioning after the larYa 

h s emerged . 

Th e observations sug est that at le st one ot 

the functions or the tail is the same as that de cribed 

for Angitio, although the actual method ot mer ence differ 

from that described by Ull7ett . 

Second Ins tar . 

There 1 ked differ nee in the fir t and 

second 1nst larvae . ( 1g. 109) 

A. 

A. 

1 n1.m B. 
c. 

trilineatus. 
First instar , B. second 1nstar1 c. Lateral 

and V ntral view of the 3rd Instar . 

In moulting , the larva loses its tail as ell as he large 

heavily sclerotized head with the falcate di lea . It 
~ i ---. I 

is now a typical hymenopter~ for type , The ibles 

are sim le and barely visible . The trachael syste is 

still a J 
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After ~6 hours the larva moults to become the 3rd instar. 

Third and last Ins tar. (Fig. 119c) · 
\ 

larva. 

The last instar is still a tnical h7'ftenopteriform 

It differs trom the second · inatar only 1n that 

it now possesses two pairs of spiracles and four pairs ot 

· tubercles. The spiracles are situate~ laterally and 

slightl7 to the ventral aide ot the aecoDd and third 

segments. The tubercles are situated in pairs on the 

ventral surface ot the 1st, 2nd, )rd and 12th aegment1. 

When the larva is JA hours old it 1s ready to pu­

pate, and 1t then gnaws a hole through the body wall of 

the host, throUgh which it emerges and starts to spin its 

cocoon. The larva pupates 48 hours attar the cocoon has 

been completed. These t1gurea were arrived at from ob­

servations on 20 parasites. 

MOuth parts of last instar larva. {fig. 110) 

In 1930 Thorpe described the morphological 

characte~s ot the mouth parts of a number ot Hymenopterous 

. paraai tea, a!ld he was probably the fir at author to use 

these characters as a basis to classify the• into genera 

and species. The terminolocr he used was later followed 

by Salt (1931) -and Rosenburc (1934). Vance and Smith 

(1933), however propoaed a new terminolocr to describe 

tbe ·different structures. 

In this thesis the author has followed the 

terminoloey proposed b7 thorpe. 

In the tullgrown yellowish-white larva the 

brown mandibles and facial rods are clearlr visible. 

Their relative position to one another is ginn in figure 

106, 

Labial rina. 

The U shaped labial rinc is very prominent and 

well defined in this speciea, At the posterior it ia 

broad and well defined, whereas in Mtteorua ghrxsophthaliJll 

Nus, it is very indistinct~ Fig. llO/•••• 

/ 
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-- Mo. 

outh parts of the last in.tar larva. 

La . - Labrum. Lr . - Lebial ring . Ls . - Labial 
struts . 

• ndibles . o. - ll.t,)uth o ning . • - ndibular 
struts . 

t . - illary s • - llary Se . - bial 
struts . sensillae ensill e . 

Sp . - pinneret . 

~L1J. I$J:la~lt • 
The 1 bi 1 ring is su ported by two ell clero­

tised labial struts , situated one on ch side ot the ring . 

Maxillary s$rla$1' 

About 1;3 fro its anterior end th 1 bi 1 strut 

has a branch , the maxill ry strut hich runs to the poste­

rior ngle or the base or the mandibl , and which, in con­

trast to the labial strut, is very poorly sclerotised . 

M&ndibuJ.ar s$ruts• 

The mandibular struts have deg er t o to such 

an extent that only 

structure remains . 

mall po rly sclerotised v sti ial 

ndibles/ •••••• 
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The mandibles are small and not very heavily 

sclarotised . Thei r blunt smooth points are directed 

forwards . 

Sp1nnere1;J 

The spi m eret i s s lightly sclerot1sed and is 

s i tuated just below the mouth opening at the dorsal end 

ot the labium. 

Sanae Organa 1 

There are t o paire of sense organs -

(1) The L&bitl Senaillae which are situated within the 

labial ring , and, 

( 2 ) the ma; illqx aens111ae which are situated just 

below the mandibul$1" bases . 

These sensi llae are all alike and consist of a circular 

sclerotised area with ne large and one small papilla 

situated next to e ach other . Thorpe cons! ers t hat these 

sen~illae robablY repr esent labial and maxillar7 palpi . 

St1;aeJ 

The positions ot the setae are shown in figure 

}i: I t is possible that a numbi r ot these , es eC1ally LL 11 0 
those on the labiUDl, ·are sensil1Q1"7. 

Antepnatl 

The antennae consist of s ooth circular areas 

on which t wo small sensillary papi l lae are found . 

Pupa . 

The pupa is a typical exat~te or free pupa . 

The ap enda es are tree of any secondar7 attachments t o 

the bod71 and the abdominal segments are capable of free 

oYelll9nt. 

At first the pupa is whi tish-yell ow in colour , 

but it gradual ly d~kens until it becomes dark brown, with 

t he thor ax , which is al ~st black, being the darkest 

regi on/ •••• 
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region. 

Th s z of th pup , w 1ch 1 sim11 in 1e 

nd fom 1 , v ri ccording to th siz of th ho t, th 

v r g 1 ngth bein 2. 4 • Th fe 1e pupa i~ hn ver 

e s11y distin ui hable rr that ot the le on account ot 

tb pr no of th ovipo itor hich is ole ly vis1b1 • 

Cocoon. ( 1 • 111} . 

A oon th 1arv e r from the host, it 

starts s c e on. 

I ~ 
At ir· t it pin so 1 lkthr d on d around \ 

'V 

tb now d~t 1 v , on cb r it coco n. / 
It th n roc eds to spin th lon 

o-1-
co n 1ch 1sA 

unifor b o colour, ith o e 11 htly light r, loo ely 

~ov n ilk thre d ov r th comp ct coco n . Th cocoon 

v ri s in length fro 4 . 0 - 5. 0 . , th bro d t part 

b in fro 1.5 - 2 • in dth. Th ver g upal p riod 

1 ts for 9 days , ith 1 of 19 d y , nd a 1ni 

or 3 d y d 3 hour , t mp r tur or 18°C . 

h n th full: own p a it em r e it cut 

circular/ •••••• 

I 
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circular lid, hich remains ttached to the coco n by 

ans or th loo e co rs silk coverin the cocoon, ott 

the one end or th coc on and emerges thr ugh th open1n 

thu formed . 

MEIG . (a pnthaspis 1 d). 

Tachina tallgx is a Dipterous parasit of 

,uproctis .&&..-.W41~111 larvae, belo ng to th r ily 

Tach n1dae . Baer (1921) ntions ~iot*.~IIWMijr.a lWJ1 L. 

as also bein a host or I · fallax • 

0 

Fig , 112. 

~ ' m.m. 

Tachino tallax ig . 

,. 

(a) Feeding and longeyity pf the adu1~ · 

In~udyi the biology of this larv 1 parasit , 

the adults were kept 1n ooden cages , 12 inches quare , 

3 inches high , and titt d with a slidin 1 ss top, 

Holes/ ••••• 
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Boles, one inch in diameter were drilled into two sides of 

the oage, and covered with tine copper cauze to ensure 

v~nt1lation, 

On one ot the two rell&lninc sides two more holea 

were drilled. These holes through ,a.ch adul. t paraai tea 

were introduced into the cage, were closed with rubber or 

cork stoppers. 

the food of the parasite under natural condition. 

was never determined, but in captivity, however, they were 

round to teed readily on o~ushed raisins, tocether with 

honey sweetened water, absorbed in cotton wool. 

In captivity it was found that flies which were 

ted lived longer than those that were not. (t·able 2S) 

The results in the tollowtnc table which nre obtained troa. 

20 individuals illustrates this point. 

With fOOd Without food 
.. .. 

AYerace days aliYe 16 3 

Standard dev1ation t 1.362 
... 
- 1.199S 

I 

Significant difterenoe 0.3971 
.. 

(b) Ma1iig em on19ait1pp. 

MaQJ species ot the Taohinidae family only mate, 

provided the optimum range or temperature, 11cht and 

hUJI1dit7, whioh is normally quite narrow, is jut right, 

but 1• tally was found to mate Yer:r readily under labora­

tory and art1tieial light ooDd1t1ona~ 

Matina takes place within the tiret 24 hours 

attar emercenoe, and DI8J' take from 30 aeoonds to 30 minutes. 

0.1posit1on./ ••• 
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Oyipoeitipn. 

The females commence oTiposi tina three dqa 

attar emergence. In manr- species of this family, the 

embrjonio development ot the egr has already started, 

but this is not the ease in%. fallax• where there is, 

at the time ot oviposition• no stgn ot development. 

The female fly prefers to oviposit on the last 

t~ . larval 1nstars of I• termipalia, but when these are 

not available, she will also ovipoait on larYae ot the 

s 1xth in star. 

In addition to the larvae or j. tar;ipalia, 

the parasite was found to oviposit juat as readily on 

silkwora larvae, and the latter wera used in most of 

the biolocical studies. 

The eggs are normally deposited directly on the 

head ot the l~ae, but 1n some exceptional instances they 

aay be deposited on the prolega or on the protharax. 

Before. OYiposittng, the tamale tly e~~ the host eare-

tully bT tapping the larT& with her front legs. Some-

tiMs she enn climbs onto the larTa and walks up and down 

on it, atter which she alights, and only then will she 

oviposit b7 pushing her abdoll8n downwards and forwards 
' 

throuch her legs, 4epositinc an egg on the head. Should 

the larya move juat before the •11 is deposited she follows 

1 t and wei ts in this position tor the right opportun1 ty, . 

but should the larYa move the moment the egg is deposited, 

the tly will return and press on the egg w1 th the oviposi­

tor, thua securina it firmly to the larva. 

!he paras! te is soli tory in habit and never 

more · than one l)&rasi te was en~ found to emerge trom a 

single host. 

Each ovary consists ot 2S tilbtlY packed 

oYarioles. The relative position of the male and female 

genitalia is shown in figures 113 and 114. 

Figure 113./ •••• 



ale geni alia. 

Ac .G. - cc s ory gl nds . T. - Te t s • 
• e. - Ductu ej cul tor1s 

- j culatory sac. 
• Ves1cul e n 11 • 

ov .- Ov r1 s. 
V. - Vag • 

F 

--~----------~----

Fj.g. 114, 

le Geni 1 • 

Ac . c . - Accessory 1 nds. 
sn . - S er thee • 
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Under natural conditions rarely ore than one 

e g is ov1pos1 ted on a s.ingle larva. But if a f emale 

fly is confined with one larva only, she might oviposit 

as many as 27 eggs on the same larva. 
q \.,o,t 

It females are kept ithout ·f-eed for a l ong 

eriod they start ovipositing their eg s on leaves, the 

side of the cage, or even on the heads of the other fe­

males pres nt. 

(c) Lite aXSU and morphology ot the immature stage§. 

The ti e taken for the entire embryoniC! deve­

lopment ot 35' eggs, which c mmences after it has been 

deposit ed, was found to vary from 48 to 5'5 hours and, 

although the e~gs were all kept under the same temperature 

and humidity conditions, those which were removed from the 

host hatched 4 - 6 hours sooner than those which remained 

on it. 

Tothill J1 ~ (1930) states that in the case of 

the Tachinid Ftrchom.yig. the duration ot the egg stage 

varied· from 30 minutes to 1 0 hours, with an average 

hatchi ng period of 40 hours. 

When ready to emerge, the young larva bores 

through the ventral side of the egg directly into the 

body or the host. The first sign of hatching is the 

appearance ot the bucca-pharyngeal apparatus through the 
' 

thin ventral side of the egg, in the act of cutting a 

small opening through which the larva emerges. Should 

the egg be removed from the host , prior to hatching , 

the larva emerges normally until a few anterior segments 

are visibl , but it then remains in that position until 

it eventually dies. (Fig. ll;b) 

Mi!sebeck (1 22) reports that in the case of LL ~ 
Sturmu1 Didiola, the host will make vigorous attempts 

to destroy the hatching larva before the latter has made 

.its way inside , and occasionally these efforts are 

suceessful, particularly if the egg ot the parasite was 

deposited/ ••••• 



deposited near the posterior end of the host , here it 

m y be crushed by the nd1bles . 
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In • terminal~s, owever, the larva does not 

sho any d sco ort hen the eg hatches and th parasite 

bores unhi ndered into its head . The only y - and \ 

that 1 urely fortuitous -, by means of hich the ! · 

terminelis larva gets rid of the p asite eg , 1s by 

moultin • If the larva moults within ?5 hours after 

th~ g is deposited, the unhatched egg is shad to ether 

with the old skin. 

Respirat1 n. 

hile 1 the host , the larva eats its o ygen 

r quire nts by eans of a special r spiratory funn 1, 

1ch is conn c ted to the at os here, throu h the 

i nteg ent f the host . (Fi • 115c) This tunnel is not 

attached to trachea or s iracle a n Blgnbaripa 

scutellata . (H .rd .U. al 1912) 

Th runnel hich is of 1nte umentary or1 in, 

or,t1nat at the point of entry into the host , that is , 

in all case , dir ctly underneath the egg . 

r1, . 112. 

a . Dorsal view of egg . b. Lat eral view of egg 
with larv e erging . c . Young larva and respiratory 
funnel . d . Ventral vi w ot egg with the microp~y~ 

The oment the parasite larva ent rs the body 

of t he ho t, the dark c 1 ured tunnel co nees t o develop , 

envelo in ti htly several of t he ost rior se ments or 

the I ... •. 



the parasite's body, on the last or which is situated a 

air of spiracles. 

the larva grows • 

The funnel increases in size as 

It is only in the third instar that the larva, 

after breaking the eonnection with the respiratory runnel 

moves freely in the body of the boat. 

Activities or the parasite larva. 

Although, as reviously ~ stated, as ny 

as 27 eggs may be de osited on one host larva, on y one 

adult parasite will emerge , the others being killed y 

mainly duri~ the 1st insta.r. It a larva, on which 

several parasite eg s ere depos.ited; is dissected 

shortly after tle eggs have hatched, a number or very 

young first instar larvae will be found dead in the near 

vicinity of a live one , some have be n dislodged from 

their breathing runnels. It the dissection is done a 

little later, it will be found that there are still fewer 

live parasite larvae, and that the dead ones now inc ude 

larger first instars. Should a larva be dissected at an 

even later stage two or three second 1nstara might be 

found, but mortality will continue until only one is lett. 

The probable explanation. of this is that the 

stron est parasite larva in a group, from its position 

in its breathing funnel, kills all the others within 

reach. As the remaining larvae grow, they are soon 

able· to reach each other, and thus the process ot selec­

tivity continues until only orie larva survives. 

The young first instar larva, which is always 

attached to its breathing tunnel, is situated in the head 

or the host, but as it gro s, it extends into the thorax, 

where it moults and reeds until the third instar is 

reached. At this stage or develo ment it leav s the brea• 

thing funnel and moves about freely in the bdominal region 

t the larva. It is during this instar that the host is 

killed. 
'By/ ••••••••• 
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By the time the parasite leaves the host, 

practically all the tissues, with the exception of the 

skin, have been devoured, 

Pupation: 

When ready to pu ate , the full grown larva 

gnaws a hole through the integument ·or its host. It 

was found that in the majority of cases,the host , al­

though able to s pin a cocoon rior to death was only 

rarely able to pupate . When this silken cocoon is 

presant,the parasite gnaws a very regular, circular 

hole, 2.45 to 2.5 mm . in diameter through the silk at 

one end or it through which it emerges . 

The parasite never pupates ins ide the coco n of 

the host. Baldwin .U _tl (194?) have shown that the 

Tachinid, Phorocera hamatA always upates within the 

cocoon of the host, but before pupating, the parasite 

larva will prepare a.n emerging hole. 

The complete ch1t1nisat1on of the puparium is 

completed in 10 to 12 hours, and during this process the 

colour changes from a butf~white to dark reddish-brown. 

The puparium is always found next to the cocoon 

of the host, and very often aJJk)Dg the loose silken threads. 

The adult fly emerges by forcing off the two 

parts of the /perc'})- urn (fig. l21c) by the expansion of the / () 

ptilinum,. In ,most cases , the emergence of the fly from 

the puparium take.s place in the early hours of the morning. 
"' . VJ~i~h 

The data,_ table 26,"were obtained from rearing 

80 parasites, gives the duration of the egg, larval and 

pupal instars at 200C. 

' Egg Larval Pupa 
ins tars 

Average ~o hours 19 days 12 days 

Standard 
::11. 095 ::11.5'34 :!1.107 deviation 

Table 26 .• 

·urati n of the immature stages. 
The egg/ ••• 
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The egg. (Fig. 11~) 

!he broadly oval, nntral17 flattened egg is a 

typically macrotype pattern. !he chorion on the dorsal 

surface is smooth, whitish in colour, opaque and. thick.; 

whereas the chorion on the ventral aide is thin and more 

or less trauparent. 'l'he Jlicrop~le i1 1ltuated ln this 

surface. (Fie• 11J4) 

At the 3unot1on of the flat, nntral surface 

and the lateral area, ls a marginal fl&n~e which varies 

in alae trom egg to ecg. !bia flance 11 poasibly a 

portion of the bar4ened aeoretlon with which the egg is 

attached to the larYal head. 

The ecc• of l• telJ.q have no special way ot 

hatching, a1 ls the ease with some ot the other •orot7Pe 

ecgs, The larYa aiaply baree throuch the ventral surface 

of the ega into the boat. 

The average 41meu1oftl· ot 2~ eggs are O.S4 •• 

to o.~6 am. in lenath, 0.30 to 0.31 ... in wid~ and 0.22 

to 0.23 •· tn htcht. 

Firat In~tar. (Fig, 116) 

!he f1rat lnatar is a tach1nUora larnl type. 

there are twelve well 4et1nact segments on which are 

situated bands ot 1pinel1te cuticular anature, (Pig. 117 c.) 

the lonceat spine beinc 0.001 mm. in lencth. The colour 

ot the larva is butt-white. fhe posterior segments carries 

two incoftllpicuous spiracles, which open near the dorsal 

surface ot the seiD*nt. (Pig, 116 e.) A taw setae whose 

relatiYe position on the figure are pre1ent in the near 

vicinity ot the spiracle, 

By •aaurinc 10 newly batohed lai'Vae, lt was 

toUDd that they were an anrac• ot 0.,6 •• long, and pow 

to approximately 1.~ s n, before 80ultinc. 

!he baoco•pha17ftgeal ar•ture, (J'ig 116 a.) 1s· 

well developed and stroncl~ ohitini;sed, It hal no 

articulations,/, ••• 
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articulations, beeaus the ed1 n tooth, ·as ell a th 

· i nter d1at and basal regions are fused . Th edian 

tooth, hich 1 direct d for ards and 

ro of te th o its dor 1 arg1n. 

~ . ,,,.,, 
I ' I ' ' ' .L ~ , ..... 

• : '.ht =· '. 

1
- · -==~ 
-- :=~~---~ "-~ .... 

I !' •:··,·,· .. ··.· ,·, , 

Fig 1 1~6 1 

rds , bears a 

a . Dor al and V ntral vi of the bucco­
pharyngeal ppar us . 

b . ly h tched nd lightly older fir t 
nstar larv • 

c . Spir·acles on last se nt . 

The dorsal end ventral ing of the b -sal r.gion 

ar n t a tron ly scl ot1 d s th edian re on. Th 

v ntral and dorsal ings are deflect d ventral y . Th 

selivary solerite, ich is 11 ch1t1 ed and prominent, /a... 
1 1tu ted just ventral to the inter d1at region. 

B r (1920) ·in his de cri tion of 

us the ter hypopharyngeal cleri t ("hypo ph ynge ls 1 -

itn) f'or this plate or salivary sclerite . 

Th ant r1or region 1 bout 2 t a long 

s the dor 1 g h or the di an tooth taken from the 

dorsal notch . 

Second 1nstar: 

Th in iff ranees bet n t he first and second 

1n tars , apart fro their size 1 1 th ar ature on the 

integument/ ••• 



int ent, the p1rael , nd h buceo-ph yn al 

arm ture . Th ar tur on th e nts 1 

long r a ther is a diff r ne bet en th s 

1 tiv ly 
r 

cc Jng 

on th ant rior, mid 1 and po t r1or region of the 

196 

larv • ( 1 g. l'7ri, • b. c . ) L ~ 

~ A~ 
A. A~~~ 

o·o5 mm. 

8 J IJ Ill 
b 

't j fU 
c 

A. Ar tur on 1 t 1nstar larva . 

B. 

• 
b . 
c . 

ture n 

nterior regi n • 
iddl r ion. 

Po terior r ion. 

1 va. 

c. r tur on t of the fir t in tar . 

Th posterior p1r ole ( 1 • ll;b) ore 

prominent th n 1 th fir t i tar , t 6ugh th y not 

ueh mor h vily chiti i ed and in ddition t the po -

te ior sp1racl s ., n ant rior p ir 1 al o pr ent on th 

p st r or in of th s cond e nt . {Fig. 118) . 

Th bucco- pharyng 1 tur her to i 11 d v lop d 

d . trongly chit1n1sed , (Fig . 119) nd the ant rior, 

int rm d1 t nd b al resions e ain fused , the in 

dift r ne bet een th · t o inst , b ing that the anterior, 

ventr lly curved , r o ro con ists of na ro , long 

di tinctly p ired mandibular hook. 



a . 1llary organ and antenna - last instar . 
b. Ant r1 r spir cl - last inst • 

Ant rior spir cle • S c nd instar , 

a 

o·s rn.m . 

~ . o-1 mm. 

a . Bucco-pharyngeal ar ture ot th s co d 
instar larva . 

b . Post ri r spir eles - cond 1 tar larv • 
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The s 11v y seler1te is not r s d to th int r ­

adiate r ion and the terior nd intermediat r ions 

re of the s e len th . As in the first 1 star the ba al 

region consists of t o wing , the dors one , bei bout 

3 ti s/ ••••• 
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3 ti lon ar than th v ntral on , a d lso muc 1d r . 

The dors 1 and ventr 1 rgins of the ors 1 ing re 

traight, ithout any notch or d pression~ Th ca d 1 

r gion of th dorsal ing, 

tr 1 ing xhibit l r d 

th dor al r ion of 

t ch1t1n1 t1o th n th 

other part. of the ings . Th ver 1 ngth of t 1 

in t b f r ultin 1 7 • 

Third in t r• 

Th nt ill 0 n ( ig . 118a) 

n-

or this i tar, orly e it1n1ze , but cl arly visi 1 • 

The hap 0 the ma ur on th nt is 

tr1 ngular shown in figure l l?A. 

Th b cc l ture, s in th 

previou t 1 tar is heavily eh1t1n1 d, but the thr 

re ion ar fused d ar c p bl or rticul tion. 

(Fig . 120 ) 

I 
o.smm. 

I o·:tmm. 

b 

c 

• Bucco- ph ryn a1 ar tur , 
b , Spiracl (Dorsal.) 
c , Dor al an ventr 1 vi of larv • . 

The adi n to th 1 a ain p 1 d h 

ro h/ ••••• 
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rough dorsal margin. In this 1nstar, a do ardly 
oporh:Jsis 

projecting process, the v ntral apnopbip!s occur on the 

ventral surface or the anterior region at its oint ot 

articUlation ith the median r ion. ( 1g. 120a.) 

Here again the anterior sclerite is heavily 

oh1tinised . The salivary seler1te is not visibl in 

this instar, but the projection on the ventral surface ot 

this region coUld possibly be regarded as the fused scler1te . 

In Sturmia Jones (1938) found a hypopharyngeal solerite 

between the ventral apopeys1s of the mandibular scleri te 

and the fused salivary sclerite . In%. tallax, h~ ever, 

this solerite seems to be bsent or fused in such a manner 

that it 1s not visible . 

Th• basal region has an anteriorly direct d 

process on the broad dorsal wing. 

Only a third of the anterior region of the dorsal 

\ 
I. . . 

' .. - -

a 

. I 
. I 

/ 

Fig . 12J.. 

Puparium. 

a . Anterior spiracles , 

/ 
I . 

/ ·eo . \ 
\ 

I , . . <··i_ ·... . , \ 

, . 

' . 

" ' ' .... 
. ' 

( 
. . I 

' I 
/ 

I 
I 

/ 

b . Dorsal spiracle and anus . 
e . Puparium showing the puparial cap . 

The lower wing is directed slightly downwards 

and is heavily chitinised throughout . It is bo t halt 

the length ot the dorsal wing and very much .narro er . The 

length ot this inatar varies from 8 - 10 mm , betore 

t>~~atio.r.V •• ,. 



pupation. 

Pupat (Fig. 122) . 

Fig . 122. 

Pupa or 1· tallg. 

The barr !shaped puparium varies trom 7 - 9mm. 

in length, the middle se ment being the broadest . The 

segmentat1 n 1s orly defined , and only indicated by 

slightly darker areas and very slight ridges . The 

~0 0 

oster ior spiracles , the anus and the anterior spiracles , 

are those of the third instar, and thelr relative osition 

on the pupa are shown in tigure 121 a &: b . 

4 . PIMPLA I . •• •• 
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4 . BOUCH~ . ICH tn 1 ID • 

bico4or, (fig. 123) the most i portant 

parasite of the Euprog~Js insect parasit eo plex, 

i a true intern 1 pupal par sit , and has never been 

observed to att ek the larvae . This, h over, is not 

al ys the case th Ichneumid parasites, inca Claus n 

(1940) has recorded that the Ichne id Avlophruridea 

agr11~ V e , ill attack th larv e of its host in the 

utumn and in ~pr1ng, att ek the pup e . 

Adult Pimpla bicglgr fe e • 

.:..a.o~.a bicolor has well d v lo ed ings 

and is a very active flyer . In plantations where there is 

n abundance or , termina•1• pu ae , this parasite may be 

obs rv d in nd about the heaps or debris under Which most 

§uuro;tis pupae re found . 

Although the P1mpla adults ar v ry photopositive , 

they 11 readily seek out th upae in the dark areas 

under the debr1 , 

(a) Feeding/., ••• 
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(a) Paq41nc •Qd Jtppprltz gt lha e4Hl'' • 

file adults ot l• bS,gglgr were kept in 1f'004en. 

boxes wlth a s·11d1nl c1aas top, .and were ted on hone,., 

sugar and water. It th• adults wertJ .depr1ve4 ot t ood 

and water 1 t was tound that there waa a marked d1tterenoe· 

1n their 11Jk•pan1 (Table 27) ,although thq oviposit n0ftla117 

w1 thout f :ood • 

-

With tood. Without tood. 
-

' . 
Mean I 16 8 

_,, 

Standard ·cle'rtat1on 
.. 

2.270 " .. .:.1,374 
--

stsnUtoan' ditterenoe 1.4?~ 

l&bJ.• 2?· 

Bzper!ment c~ied out with IS paraa1'e•• 

In onl7 two instances baa z. biqglqr been Ob1e~d to 

teecl tn the nltivatecl plantations.,, !he tint oecaa1on 

waa on bonqdew troa aphlda, and the •••oDd, on the Motet 

ot the tlonra or • bul.boua plant, ·lllCIPF' h•tli•, whiCh 

oecura alone the sid•·• ot road• 11'1 the plantation, ancl 

f'lower1 1a December. 

(b) 0UJ011$1gp. 

The telllale paraatte pieroea tbe oocoon with her 

cw1poa1tor and lqs her 111• 1na1de the pUPa where the· 

coJaP1tte clevelop•nt ot the larYal tne-t~• aDd the P•Pa 

take• plaee. 

Oenit•lk1 

!he repro4uct1Ye arcana ot tiM! ll&le aa!l te•1• 

al'e ot the tn1eal IohMWion14 type. (!fica. 124 A 12'). 

F11• 124/ • • • ·• 
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mature egg in each. 'The relative pos-1 tion and sh~e ot 

these organ,s are shown in fig .124 w_:_i th · eA enlargement ot 

the spermatheca.l area in fig. 123,. 

!rhe young tetni;;les mate th~ same 4q on Which 

they emerge ana start ovipos1ting the :tollovr.tng aq. 
~e te:rnale pel"asites are attracted. to the pupae 

br their odour. This has been clearly aemonstratea. by 

crusbing a pupa in the hand. 'l!he parasites ware 1me• 

d1ately attracted by the odour and. settled on the hand as 

close to the orush.ed pupa as possible.. In tests made by 

the writ~r 1t ~ found that if a choice was offered to 

the parasite between naked pupae a,nd those c~ntainsd in 

the cocoons,. the parasite invariable ovipos1tad in the 

latter. It wotlld a.ppear, theretoi'f that tor puposes ~of 

oviposition, the cocoon tultille an important role although 

not necesserily an essentis.l one. It also fulfills a 

meohanica.l·f.'Unction1 since the pal"as1tes Jmike, use ·Of it 

·to obtain a more secnt"e · toothold when thrusting the ovi• 

positor .into t.he pupa. · n.tay Vet"Y ofte~ become dislodgee 

it they try to oviposit on .a. naked ·pupa.. 

Mar.sh (193'7) observed ·that the parasite 

§p£1qcrulau 1s only .attract-ed to the larvae when they 

begin .spinning. This he ascribes to an odour response. 

In z. J;Jigglor;, however, th$ nak-ed pupae ¢overed 1n a piece 

or cotton wool, is just as readily parasitised as those 

in the cocoons.. In this case the attraction appears to 

be caused by the sense of touch. · It has been observed. 

that it a P"iece of cotton wool is placed. in a eage with 

female parasites, they will evan lay their¢ eggs 1n this 

cotton wool with no puPa$ present to impart .any· odour. 

Oviposition takas plaoe anywhere in the pupa and 

no area appears. to have sny· special pretorenca,. 1'he 

female will, however, on.l:y lay her egg it she can thrust 

her ovipositor deeply into the pupa, and she will thus 

eont1nue searehing for such e. sui table spot until .she 

·eventually/ •••• 



v t on 1-er • • t1 

t ill b thru t obl uel into th up • 

d r 

t 

he te ttan f"e on th b 

1tor t r ov o 1 

g the und 1th her 

on tb tis a or th u t a s 

t ly 111 do. 

an ver the 

1 . n t ce s an nore se 1n 1 

th is 

nt chorion. ( 
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~-----~ 

"' 

just b to tchi • 

t 1l 

zo ~ . J 

Ch 

lac , 

b r t 1 

• 1~) 

turec! t the 

fully develo d, th 

t r or end nd tbrou h th s o 

1 u 

t 

larv r e • ther the youn 1 

ruptur in the ch r1cn th ita 

is du to n er r essure is not 

c 

• or heth r it 

ear . (F1 • 127) . 

en e 1 s1t1 ce s with ....... ..,.., o y one p 

urv VGSt the th r 1 rv in th 

first nd s co d i tars . 

1nce the tirs na 

p k 1 d in t 

1 or mobil nd 1 

ndibl bett r d ted tor £1 t , t old 1 t 

e us 1y the 

1 tar larv c 

to sUf'ter . 

re e d r 

cond 

toUlld t 

covered 1'f1 th eo r that could e sily b ve en c by 

th ndibles or other larva. 

It/••••••••• 



Fig , 127. 

The l~a of P. bieolor 
h tohing fro the egg, 

It has been obs X'V d that it a single • ...1Llii.l..,....ua.i ..... 

coeoo ith a pu a is l aced ng temal p s tes , they 

will tmmedi tel7 tart t ov posit in it , d up to 121 

eg s have b n t und in si gl u , 

n the parasite larv 1 rea¢1 to t , it 

h s usually consum d 11 h food available 1n th u a , 

nd only t chitiniaed exterior h 11, complet 17 tilled 

1th th p r it larv is lett . The larva pup tes in 

thi chiti ised sh 11 without spinning a cocoon. 

A very s 11 p r c nta e t the para ites go into 

diapaua , to emerge sev ral nths lat r in m1d:s~ r , 

D1apause wa n ver ob e ed in t l reared in th 

1 bor tory, but in t rial fr ti 14 collectio , 11 

n ber or o e tering d t larval aras1tes e al ya 

to be found in some ot the old u al c se • 

During the three nths in which 

pup e nr found t the Jessieval plantation there ar 

generations , ith a possible third , but in the other p n-

t tions there are ore enerations, s in these loeal1t1 

t / •••••• 
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the up e e found t oughout the y • 

In coll c ions e fro th fi ld 1t s to d 

t1 t es predominat , t a ratio or males to fe les 

b ing o to • This igure obt ined tr .m n 

. ~ .... """'ti n of 7 · duJ.t par site"' rear fr a fi 

found h t the set ratio is four fa les t on e . 

Under 1 bo tory c nditio s , it · cert ~ d 

th t at t r ture or 22()c and l"el t ve h idity or 

6 ) , g. b&coJor to kin 10 case fro 24 t 63 d ys t 

<lev lop tro g to dult .. (1' ble 26) . 

:n v lop nt 1n days 

ver age 30 

St an ard devi t1on 

table 28. 

Time t k n tor the 1 ture sta or 
P. !c 1 r to v 1 p. 

1.mm . 

lg , 128 , 

The egg f P. bicol r . 

The t r naparent h te gg h s an longat d u - reniform 

shape , ith the ne d gbtly br o · r t n the t her . 

The le th v ie . fr m 2 - 2 . ~ • d the 

v ries tro 0.3 - 0 , 4 • There 1s no edieel r talk 
nor/ •••• 
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n r th r rk ent th cb r on. 

1 st Ins • 

.F1s; ,, 12!6 

1rst in tar or • bicol r. 

!he fir t 1 star 1 a (Fi • 129) is t the 

h no t rit r t e. Tb 1 h w 1~ yl1ndrioal 

body c slat ot 13 t ch t sed 

spine th m. he ad 1 s i ker tha th 

bot17 and rlr chitinis d . 

ne lY hAtched arv is 1.; 

1noo 

1 h t y curve , h · p 

tho h th 

st th r 

'e 

The ver 

Th 

ir 

1 

ndb 

th ot ~ • 

' 
ch 

col 

a p ox1 t y .7 • 1 

ha a e d v lo ed t c 

es nt . In t r r t 

' 
• 

lso 1 h 8 c 

bl" che wh e 

t 

xt n v 

rob bly tunct1 

"1 t h 

f1 ti ttst 

c i 1 

r t he 

k 
' 

the e s a oditied 111- ik 

J' .. 
I . 1 (1 18) t that the f rst ins . r 

o d l st r/ •• • •••• 



Seeond Instar. 

0 

l 

/!. 
mm. 

1!1«· no. 
Second 1nstar of l• ~1GPIGr• 
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!he second inatar larYa (tig. 130} differs only 

al1Chtl7 trom that ot the first instar. The head is now 

the same colour as the bodJ' and is relatiYel.y much a-.ller. 

!he bod7 is mueh wider in relation to its length, a newlJ' 

moulted 2nd instar beinc 6 a. lone and 2.2 •· wide at the 

7th aegment. No further deYelcpment has taken place in 

the tracheal system. 

Third and last instar: (Pig. 131) 

It is quite common to find three larYal ina tars 

in the Ichneumonidae, althouch some apec1ea haYe been 

found to have 4 and ; larval inatars. Arter caretul 

observation• only 3 1natara could be found 1n .f• )iqgJ.B• 

Fig. 131./ ••••••• 



0 

1 

3 
rn.m . 

Lat r 1 nd dors 1 asp ct of th thit'd 
and 1 st inst ot P. bicolCJr •. 

'l'h ver g length of the ly ulted 1 v is ll ., 
ith an verag dth of 4 . 5' • nd th 1 te t of 

the 11 det n d dy s g nt 1 Gt dsh1 y . 

In this instar the trach al sy t m s ec e 
• 

further d v. lo ad, 1 e spir el s be in foun • Th 

t!r t p 1r is situated a the o t r r 1n r th fir t 

body s g1 nt, nd th a c nd to the ~inth p irs re 

situ ted near the t rior g1 of eg e ts four t o 

leven. 

· Th tr o eal sy te o nsi ts of two 1h lo 1-

tud1 1 trunks hioh are o nn cted by n anterior e -

sur in the 12th seg ent . In the tour h to the tw lt 

sa ments the main 1 

eight ventral eo 

it dinal trunks re turt er eon ected 

ssur s , whiCh le v th 1 t r 1 

trunks sl tly posterior t th s ir elo~ . 

Th d rs 1 tracheal , hich le ve th t o main 
trur s/ .... 
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tr s 11 tly t r or to the s ir c , proc d o l l y 

h re th y div1 e to su ly th r 1 ecti ot th 

s m t t tr ch ol • 
In dd t1 n t th t trunks th re r t o 

1 t r tr 

th f1 t s 

xt nd1ng tr th po teri r in of 

urth nt t th nt r or in or th 

y r c nnect d to th n t unk by thr 

branch , o 1n th first , n in the ird d ne in the 

t urth seg ts . 

ut ts (Th t r ol u d th t OS d 

by thor { 93 ) nd t ( 31 ) ) . 

The t ci 1 r s , uh :rts and ac et of 

the 1 st 1 st • »1cQlgr larv a t ir r el t i v p sit1on 

to one n th r , ar ho in 13 • 

I 

- ---md 
---mo 

I 

0 
3 

m . m . 

uth art of' the dul t larv t _ . bigolrt 
1 • - labra ch. lb . - l bia trut. lr . -
ls . - 1 binl s n llae d . - dib e e .- i 

• - mouth o en1n • ms . - 1bul r strut • 
• - 11 trut . 

bi 1 1ng . 
ary sen­

( 111 

La.bi 1 rin . / ••• 
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Labia4 rtnc1 

!be U shaped• pigmented, labial ring (lr} which 

a~ounda the labial area be,low 'he mouth, is well defined, 
'" 

is ver7 broad at ita lower J1187l~t and is nearly closed •' 

the end nearest the spinn,ret:.: 
' 

In l• ctotr.ita Hlu., z; rpt1cqJ.li• Grav. 

.i• brerlcor:pia Grav. the lower iDargin _ot the labia rina 
' 

has lobes, but in Z· bicolor., ·ho~ver, the 111arg1n 1a smooth 

Lfb~al ttrpt•~ {lb) 

On eaob side ot the labial ring, at the baae, 

there ia a ai ple rudimentary labial atrut, the inner ends 
' '''.., 

ot which almost reach the labia ,. ring. 

InZ. ru[lqgll!a gray. the lnner end ot the 

labial struts are tuaed with the max1llal7 atrttts, whereal 

in l.. •n·ldnator .GJ:a!. and g. h1gplgr, theT are tree and 

contused. 

• 
MexillaJ;'X atrpts 1 C!lx.) 

T• 

!he maxillar7 struts extend dowmraJ'd to the 

lower margin ot the labial ring, and are fused at the 

~ other end with the mandibular strut. !he mandibular struts 
-

are fused w1 th the labral s~ts, which in their turn are 

tuaed with each other to torm. a labral arch, as is the case 
' 

trith Z· detret·a and .f. gerlgprnia. (Salt 1931) 

Mew1ibltl I (ad) 

The triangular ahaped mandibles are 'W811 selero­

t1sed and are lharpl:y point.~d, with the sharp ends as 

sb'aight aa in .f. datreta, but unllke z. dotreta, there 

a:re no briatle-like setae on ·shell. Th17 articulate w1 th 

the labral and mandibular atruta. 

file labial sens111ae (11) are a·ituated juat below 

the spinneret in the area 1urrounded b7 the labial ring, 

The axillar,- sensillae, (•) on the other hand are a1tuate4 

below/ •••••• 



b low d t t e b of th 

Th r 1 t po ti or t 

the fi ure . 

• 

s t ar ho 1 

ntenna hich co 1st nf n ent are 

con sh pea app nd e sit t d on circular r 1 e r 

Pup • Fig. 133, 

• 

a+ The p epu 1s , th s e y 1 1 h bite c lour s 

the tur 1 v • e s nt o the rv 1 b y hare 

co ence t di d nt th h t th r 

r ions, t h eyes, h ch t this t t t 

d velo ng r clearly v sib in t e d ion. 

h pupa is or he e n xat Ichn onid ty • 

The col( y te, but it r d 111 d 

v ntual y th he d a thor( tur bl ck, 11 the 

a do n 1 s turn into a dder bro · • 

lt r ative ho t . 

Th s u as 

t v bo t 

Fig . 133· 
Pu ot P. lor . 

This par sit find it v ry itt c lt t o ene-
tr te/ •• 
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trate the thick silk or the cocoon with its OY1 os1tor, 

but it will readily oviposit it some of the 1ilk is 

removed, thus enabling the ovipositor to penetrate the 

cocoon · ore easily. The removal of the silk 1s, ho"ver, 

a laborious task, hence all the p~pae we.re re ovec! trom 

their cocoons and were thinly covered ·with cot.ton ool._ 

The parasites were then round to oviposit re dily and 

without ~ d1ft1culty, 

The ideal pupae are tbe smaller ones, s 1nce 

· a very peculiar phenomenon was observed when large sUk 

wor11 pupae · ere used. In th se cases t~e l ast nstar 

ot the parasite grew about 4 ~. ·longer than the n rmal 

ones found in Euproct11. upae, and 1natead or u ating and 

emerg ng as outs:i ze adults, they died in every instance. 
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CH4P'lER lX. 

INFLUE CE OF PEFO,LIATI N p I PAT!JLA. 

When a leaf-eating insect destroys a high er­

centage of the tollage of the tree, transpiration and 

lbotosinthesis are decreased in proportion to the degree 

ot defoliation, During such periods the wood incre•nt 

and height or the tree will be correspondingly below 

normal. en a tree of known history is felled and the 

annual rings are examined, periods ot severe defoliation 

are thus characterised by the narrow annual rings which 

reflect decreased growth. False or additional annual 

rings are incases put on by trees, which 1.11&1' contuse inter­

pretation, but in trees ot known history these may readily 

be~;d;r~i~~t1~~: f~(Ft~;:d 1~a ;;c1+13;. > 

The narrow annual rings resulting trom def liation 

of a tree by insects closely rase ible those caused by 

f orest fires 1 according to Craighead (1927), but !f t he 

history of a tree or plantation compartment is known, it 

c n be determined which of these o a lencies is responsible 

for the low incr nt , The climatic c ndi ti ns. prev !ling 

during succe sive years from the time of plant ng should 

also be borne in mind when wood i ncrements are ascessed, 

since it i known f act that dur ng years of drought trees 

grow very little and the annual rings ould be proport1 nat e-

ly narrow. 

Com ete defoliation of a £, patyla ~ee by I 

is 
terminsl1s"preceded by a period ot a few years during hi ch 

the insect population progressively increases to the peak 

level which r esults in 1 0 defoliation. Duri ng t his period 

ot waxing po ulations there is a corresponding increase ·1n 

f oliage destruction and decrease in the annual wood i ncre­

ant, the i ncrement reaching its lowest level during t he 

year or c lete defoliation, In the year a.tter complete 
q 

detoli~t't n, the increment still rema ns below the normal 

level,/,.,,. 
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Grahaa (19S2) shows that the aDDual rfncs ot 

trees in the u.s.A. indicate a Yer,r low rate ot gr~ 

to~ seYeral ,.ars after complete defoliation. In tht. 
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country, howeYer, 1 t is clear that f. pet• vee• recOYe~ 

after a Tear, and tn the second year after co_,lete de­

foliation, resister the noraal. tncre•nt~ 

In ao1t publ1oat1ona dealing with defoliation 

ot trees, the indirect resultl of suoh setbacks are dis­

cuesect, the direct results be1nc Yery rar•~ stUdied, 

Aooordtq to Chap-.rt. (1924) "the cute YOlUM of tr .. s 

and logs attords the only basis ot aeeurate and peranent 

scientific records and a UDiYersal 1tandard of •asureMnt. 

For this purpose the cubic root should be uaect as the 

standard unit.• The writer aocordiftllJ .. de Yolu.etrie 

analyst• of the IJ'Owth of a nuaber of tree1 ot known 

histoJ7; 'including complete detol1at1on bT I• Sermipelia 

durinc the su..r ot 1948-1949, to assess the direct 

results ot the insect attack 1n terms of loss of tialMtr. 

To calculate the Yolu.e ot a tree f :or anT par­

ticular year within its period at crowth tro• \be annual 

rings, Smalian 's toraula (Chapll&ll 1924) is at111a ... 

. In ticures · 139 and 140 two graphs pronde4 by 

the Depart•nt of Porestr7 are cinn. !he graph. 111 

Pig, 140 reflects the noraal annual increase 1n the total 

YOl'WD8 ot wood ot a J!. patu1• bee, while the graph 1n 

11'11• 139 shon the proportionate inorease in the YolUM ot 

wood trom 7ear to year. Prom these graphs it oan be 

4eduoed that the rate, at which the YO laM ot a tree 1a 

1.ncreasect, . waxes proaress1Yely trom year to year UDtil 

at least the 18th Tear, whereafter a stable ine.ement 1a 

recorded. 

For the Yolu.etrio analysis .. a. b.r the write~, 

6 g. patnJe trees were seleoted at random in OOJDP&rtMllt 

c.17 ot the .Teaa1evale plantation, were felled• and uainc 

Smal1an'a formula, the Yolu.e of each tree to~ each year 

trom the third year attar plantlnc omrard8, was caloulated. 

the/ ••••••• 
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The s e co p11 d in Tab 29 nd r phic lly por· 

tr d in Fig . 141 . The 1 incr s 1 h 1 ht or 
the trees durin the period under con d r t1on s al 

co ut d . 

30 

The or 1 r portionate nnual 
1 cr e in cubic r t ot a i • 

patu1a tr , 
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The no a ual incr as in 
the total volume of od or 
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Year. 

1942 

1943 

1944 

1945' 

1946 

1 47 

1 48 

1 49 

19SO 

19;"1 

195'2 

195'3 

195'4 

Height 
1n tt. 

8.79 

16.62 

.21.12 

26.71 

33.66 

37.71 

41.41 

42.62 

47. 8 

5'1.5'8 

5'5'.17 

;8.88 

63.17 

Wood. (Cub. 
tt.) 

0.0426 

0.2 76 

0.6443 

1.327 

2.325'6 

3.2673 

4.1214 

4.5'2 3 

.5'.4328 

7.2911 

8.4463 

10.3319 

12.59.5'1 
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D1tterence in wood 1n• 
crease tro · y ar to ytar. 

.165 

0•4367 

o.682? 

.86 

0.9417 

.85'41 

o.4 79 

o. 35' 

1.8,83 

1.15'5'2 

1.885'6 

2. 2632 

The height and volumetric analysis 
ot six .f. patpae trees· trom compartment c.17 

Jess1eYale. 

From the graph in Fig. 141 it will be seen that 

during each year u to and including 1945' - 1946, the 

average increase in ths ~olume of a tree each year exceeded 

that ot the precedi~ year. Dur nc the years 1946 • 1947 

to 1949 - 195'0 1nc.remental losses due to the defoliation 

b7 l • 1i•rJI1M11s are clearl7 apparent. It the increment 

recorded tor the .year 1945'·1946 is taken as the standard 

normal annual increment againat which losses during the 

er1od ot det 11ati n are assessed, the figures retl ct1nc 

annual losses would be very c Mervatively est.1mated. 

This is very clearly demonatl'ated when the average increment 

ot _ . 9986 cubic teet per tree recorded during 194; .. 1946, 

the year bef'ore losses due to defoliation became a pal'ent, 

is compared with the average incre nt ot 1.8870 cubic 

teet recorded during 1950 - 1951, the t1rat year after 
\ 

loa sea/ .••••• 



loas du o d f oliation ar n nr r v1 bl • 

He v r, taking the pot nt al nere nt 

for the tour 1 ar r od 1 -1 7 to 1 - 5'11 t t 

t d ret , c ns rvative figure t n. 9 86 cubic t t r tre , 

the tot l lo s er tr a r sult or n ct ttac 1 

a sea d at • 70 c bic feet o ti iber . 

The trees 1 th co t ent fro 1c 

er tak n, re 1 nted duri 194 t r ot ; 

tree er ac e . t 1s the ol1ey ot th t t 

try o deer h r te by t nn ng t 0 ot 3 

P r cr hen the tr attain an t 6 - 8 ar t t 

1 d n cJur ng 1 5 0 1n th1a p c t c c nt . 

rld 

w 

"' < 

13 

12 

11 

w 10 

a in on c erT t1v ba is of only 301 r I 

lo or t1 b r 1ncre t at r b t b1 t 

d t 1 t1 n uld unt to 6. c 1 t 

r rt\USP A TU LA BLOCio< C17 

1 9 4 ~ 19 43 19 -4 4 19 45 19 4 6 1947 19 48 19 4 9 19 5 0 19 51 19 52 19 5 3 19 54 

Y E A R 5 

nn v incre • 1 vol t d 
n Block Cl7 at t e Jea 1 vale 1 ntat1 n. 

inc/ ••••••••• 
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.. . atnn 1929 --.11• • 1ar1• ar••• ot z. •'»1• 
at Jeaelftalt · laa" · eaeh ,.._. been o crapl•'•lF Woltat .. 

and tra. t!M11 . ., to aDI1 1nel'Udilll 19f4 a tnal ot 
' 

6,)60 au•• .baft '"" attee'•• ta W• ...,. 1M total 
.loet of tiaMr 111 thia area to M- laid. at U. door of 

.1· tva&lfl II dar tar t!» paat 26 ,.ar• at ·'•••tnale .ee 
. ' . " iv . . 

'hu ••· ••tiated o.ofteenate~ at 11692,396 .-1e '"'• 

or a ,..arlJ' aftrai • ot 6~•092 eult1e t•t• 
. 

·!h.la •••••• lrtelal•• oalr Utete _,10. 
. ' 

Wh1olt at aolll· tiilt t'# aaotbR ....,. enple••tr •ttoltaW. 

!o. Wa 'ahou14 ·•till M aM.. 'be ..... tOM to We•• 
. ' 

1th1oh WM l_.o11at .. te a le .... 4•P• )J lllbWI" 

tattatat!oftl not nool'd ... 

1M aJID-.1 rate ot !MHaae ta belCh' ot the 

•••• lt alao dfti'Mlr att .. tecl b~ 1nfeltat1o• tit 
, . 

I• 'RI'·M'i•1 u a .Jl.,.e at r1s. 142 will renal. 
lonal!F tbe aan .. l lle1aht tDOI'e•Dt ........ .,..,..,,, .... 

' 17 d\h . .,.~ fe ~ on the eouern.sl'ft oftM *"• ta 

thl• .. ea1nlatloa ·tt. t1111r• ro-, 19fo-19Sli -lr·t 

l··'' t•t te aoeeitect u tM •tan4u4 poteuttat !nor­

tor tbe preMttaa ,.... aaatut wh1olt loa••• oeA" oal• 

nlaW. Coaaf.cler1aa oaly taw ,-ea. 1948 • . 1949 w . t1nd 

that tbe .. ,~ •fthe• hef.pt. t.nor•••• wu 1.21 he' 

lathe a.tolta•et, toapartam,. 8111ttstaot .. t.• the oon. 

atl"fttiftl7 et~l•W poteatlal_1nan•at, U. lue lD 

helP' clue to cJ eto1tatt.cm • be aaeeeael at 2.38 , .. , 

po ... , or ·aa aur•••'• 1oaa. dwtq U.\ ,.rtt..U. 

,. •• ot 714 t••' ,. ....... 
lpart hoJI loatel .iD TOl- ot t.1Jite• eM 

hellht ot v..., , ...... ot eooieq 4etol1at1oa ia 

lfta,, Ulll .bMI 10 attMt .. 41e ...,- eaaUJ" !t •• ., ..... 

•o dl'ouaht 111 ·aae,U weueMt atate.. Under aueb, ecmd.ttlou 

ot.mtt.4eralale _.,tallt7 baa Mell tteOor4e4. 'In addl tlort 

t' •boald le .. a. ln 111ftd *bat tnea ••* 'b7 4eto­

lla,1oa an ·•*-1)" ftlMhlalt •o attaek b,. llark-he.ti .. , 

•• ~ 1tJ' Ghball C19S2) la Ute .u.s.A. a... u , a · 

eoulaatt ••••• 



223 

eonst n~ danger t t exotic ns ct pecies e 1 p rted 
nto uth Africa fro abroad . Plantations eak n d by 

detoli tion ould erve s id 1 loc 11t1ee wh rein such 

e otic could est blis the d so beco t 1 

centr s tro whieh the sts c uld a read to th r parts 
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CHArTER n, 

1. HIST ICAL. 

Extensive experiments on the contro 1,1 of • • 

tgrm1nal1s by chemical means, were 1tart d as early as 

1931, and an account of this work was given by T'ooke 

(1938). At that time it was found that calcium and 

lead arsenates were the ost I"O ising i nsecticides tor: 

the control of this pest . In recent years, however , 

the search tor new 1ns·ect1c1des has · resulted in th 

release ot several new compounds into the field or chemical 

control or insects, and as it as felt that these might 

prove more effective than the insecticides previously 

used. Petty (1948) carried out t ests w1 th some ot these 

formulations 1'1hi ch re available at the time. 

2 . THE E FICACY OF S OF T LATEST I ECTIC D • 

a • TtQlb'liaYI• 

The results or tests carried out by th author 

using some ot the very latest insecticides available i s 

i ncluded in this thesis . These tests may be regarded as 

a continuation of the work done by Tooke , and cQr:ried on 

by Petty. 

The insecticides tested were applied 
0. 

using the app~tus described b7 Petty (1948). 

s dusts, 

The rate 

of application 1n the laboratory exper'irnen s Y&l .7 . g . 

per aq.e •• which is the equivalent of 7 lb. per acre in 

field application. 

To d.eterm.1ne the relati ve susceptibility of 

the different instars ot • termi nal!• to the i nsecticides 

used , fourth and sixth 1natars were used as t est i nsects . 

In the tests both the lanae and the pine t · lia e on. 

which they were ted were dusted . The lar'Yae ere t ·hen 

exposed to the treated tollage - t en larvae to a petri­

dish - t or 24 hours in every case, after which the first 

ortali t-r/ ••••• • 



aortal! fi7 oounta were •aken. 1'be lanae nre then 

transt~d to clean petri-diahee contai'binc fresh 

untreated foliate and turthe7 mortality ·counte aade at 
_J. 

24 hour 1,n~~nala. 

fweln croups of ten lan'ae each were uaed tor 

each inseet1c1de and for the contr"ola itt respect of bo'h 

the 4th _ and 6tii 1nstar lanae. !he total n1Diber or 
' -. 

test 1n•eota .uae4 tar eaoh 1Mect1c14e was therefore 

240. 

In order to han the inaeot aataaial as 

untf~ as poaa1blet only larYae t"dinc normall7 for 

24 houra· prior to the eoJIIJIIInce•nt ot the uperi11ent1 

were inol'-cled 1n the teats, and subsequent to the appli• 

cation of 1naeot1c1ctea ther .. re kept UDder oonatant te.­

~ature and ·hUJ1141t7 cond1t1onl (70-7S% R.H. and 7'JOP.) 

b • B••ulta ot tQ11g1tJ ''•'•· 

!he aver aae percentage. mortal! ty obtained w1 th 

the ~ious poisons obtained from. twelve repl1eat1ona 

are ~esented in tablea 30 and 32, and the analraia or va-. . . . 

rianO. in table I 31 and 33, 

o • Copqlpsiplll. 

1• lJp to, &!'!!! incluelinc the 4th inatar larYae 

•• When rapidit,r at action and final 

mortaltt.y produced are conaider•ct, 

the three or1an1c pboapbat•a,Parathiont 

E.P.N.)001 and Malathion are ·mare 
etticaciou. than the chlor nated 

b74rocarbon inaeotio1des D.D.T., 

Toxaphene, Strobane, D1eldr1n and 1 
---"""-~ 

·Aldrin, under the coDdit1ona or these 

·esper1Mnta • 

b. D.D .• T. aD! !oxaphene come next ln or4er 

ot mer1 t b7 Strobane, Dieldrin and 

Aldrin. 

2. Sixth/ •••• 

I C 
{ 
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ariance 
due to 

Treatment 

2. Sixth ins tars larvae , 

(T ) • • 

a. Against the older larvae both Parathion 

and . P. • 3 0 are significantly su­

perior to the other 1nsect1cidea When 

judged b general e1't1e ey which in­

cludes final mortality and rate or 
mort l1ty. 

b . D • T. comes next in order or er1 t 

D.F. 

7 

tollo ed by Toxaphene , lathion , 

Dieldrin, Stl' bane and lc!r1n. 

. s. .s • 
Calc, 

11, 103. 7 1 ; 5'86 . 12 16.1611 

bservation 
Periods ( > •• • 3 11, 4 3. 82 3, 8 1. 27 )8.7329 

T & Inter- ' 

action, • •••••• 21 9, 148. ' 43~.62 4. 43 7 

Error •• • •• •••• 3 3,14 .. s ~14 6 l . -
Total •• •• •• 63 34 ,79'5 .~ - • 

Signifi cant 41tterences . 

a . Between t r eatment • - 9. 2478. 
b, Between s •• observation periods • 8. 41 8 
e . Between T 0 t ·nt er action - 28.6 ·;4 

Analysis ot variance of data in 
t .ble 3 • 
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... Ia•ettelte •na11tlea (~) oaenl 
..... <g-., . &xp•~._t. 1 .,.tala. treat-t 

~ .},"- ~ .... ,., 
c3 Jl~~ 24 48 72 144 

1 * 1·--~ leo ... 100 leo 100 400 
Pantllt• 2 100 180 101 100 --

' ,..,. ~ 200 800 100.0 
· •- 1oo.o loo.o 1oo.o 1oo.o r--, - -rc-- -!:'"-. - - • -~---- ~ • • • - - • = 

a • ·'· 1 " 100 100 uo Jt? &.P ••• 300 2 _t! 98 • ..lDG. 391 
? I'Otal 1U 198 198 201. 181 98 •50 

- ••• ,.. ,,.. 100.0 

J ,_ 1 . • ,. 92 100 2'/8 ' 
•••• ~. 2 ~' .. ?e 92 100 307 

7 - 9ftal ., l.J6 184 ,., ?3.1) 
- J2., •.• 92.0 100.0 . 

4 ~ 1 20 ... 78 ,. 2M 
.......... 2 J2 .. 77 97 2?4 

7 .,_,al S2 116_ lJJ liS 518 M. ?J 
- ••• ,... '17··5 . ,., 

, . 
Jlalatlll• 1 6J 78 80 85 308 

2 at • 90 tJ ,,. 
!'0-.I ua 166 ·vo 118 166 •J·25 - ,... •J·• .,.. ., .• 

6 • 1 .l !! 2 ~ 127 
Dlel.bia I ~ .~ - .,., 2'11 

·- ' IIIlA - - . ~ -" ... ._. ... • . I ' ' ;~~ . . • '.. . - ·. '',:, ~,. ...,..,.,.., ... ,., 
" .. i· . ~ ~~ let;~=;--·· • 

'.. -- ..... .,. _ .. · -- ...... ;;; .. -:'·~·""~#··~-·--- .o. .,,.' ~ .v .. ··--·---:~·if'!' -~-t-~ -----~-~---------<=~. 

1 1-- . 1 u • ,. 8J 1" 
........ 2 • 12 4.1 d lJJ 

I 7 fttal . 18 ~ ,, l&S ,,. 41.25 

- t.o 2'/.o -.., ea.s 

a * 1 o 10 17 '' a Albia 2 8 .IJ_ 72 140 
7 !'etal a JJ B 127 222 2?. 75 - • 16., .,.. .,., ' 

' oeatnl 7 1 o o o o o 
2 0 0 0 0 0 

fttal • 0 0 0 0 0 

-- 0 0 0 .0 

ttotal '14? t?6 11,. . 1430 4307 

Qaenl Dpeztlaetal .._ 46.69 61.00 ?2·13 89.38 - -

ltllf li· 
JMM~1e1Ul ,..,.. ean1et "' •• aeYeBil tutu lanae et 

&. tend.aalt•· 
·~ '! 

: • ..._ i<' • .,;.._ .·<: Po><;,_.~..:;,- •.,.,-;_'.:._ ~··- _.._·. ~--------·--- -----------
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--

!Variance ., 
due to. D.P. s.s. M.s. 

At . 
~Calc. P-0.0$ 

- --- _,,- -

treatment (!). 7 39:~219.lf.9 ;6m.?,84 ;3.2331 2 .• 30 

Observation 
Periods (O). 

· 'T & o Inter-
action· ••••• 

Error .... ,., ... 
--

total •••••• 
' 

3 1S,602.lt2 S200.806 lt9.lt-1383 2.-90 

21' 8,710.4; lrltJ..?88 3.94o93 l 1.91 
'! 

32' 3,368.00 1~.250 1.oo·o ·• 
_· 

J! \ , . ., 

63 
,, - ·- ... -

--

S1gn1t1cant 41trerences. 

a. Between treatments ,,. lO.ls-75 
b. Between s.s. observation periods - 7 .~06 
6. Between T. 4 '0 interaction ,..- 29.5'89 • 

Analysis ot var.1ance or data in table 32. 

,A. Should it become necessary 'to undertake I 
c.hamieal -control ol E, brm&nal&a1 . the most err·ective 1rlsect1- 1 

e1ties for instars abov·e the tourth ar•· Parathion ,and E .• P .• N. -

300, at th.e conclusions 1·ndicated in table 2. Against tbe 

younger .1nstars ·than this t equallY .good results should. be 

obtfd.ne4 with Pa.tath:ion1 E.P.R. 300, and Malathion. 

b. Ind1·cattons are that D .• D. f. 'toxaphene, Stre-

bane and D1el<lr1n1, although lnter.lol' to the organic phosphate 

materials; appear to be .sutt1c,1ently toxic to artord a ta1.tt 

degree ot control when used ag,ainst larvae up to the tourth 

in.star, wbtte the san1e applS.e4 to D.D.T. and ·toxaphene 1n 

respect ot lanae older than the l,.th 1nstar. 

~ 



§ Y MALA B Xa 

1. After obts1n1ng locality .records. ot a• Siex:m&nalla 
from all museums in Southern Atrlea as well aG the 

British liusewn, a map has been prepared showing thfl 

,distribution of th1s insect 1n South Africa, Ava1" ... 

lab'le data indicate that !• $etmtnaltJ:t is limited 

1n its distribution to areas with an annual rain• 

tall ot 725 m.m. or higher. 

2. By .eamb1n1ng the re.sUl.ts ot climatic atudies with 

data obtained from le.borator.r experiments das1gru~d 

to determine the · influence of temperature and rela• 

tive humidity on this insect, it has been possible 

to del1mlt the probable distribution area of the 

.spectes in the Union or South Africa., as well as to 

exPlain why it does not occur in other areas. 

3.• fhe morphology of the .rnoth1 including a study 

of the genitalia ot both sexe.s, is described ln · 

detail. ·Mat1ng and oviposi tton are dealt with,, and 

details are given of the eombined eftect ot relative 

hUJn1d1 ty and temperature on the longevity of the 

moth. lt is shown that, contr~y to common belief, 

-tbere is no· mass migration o.t: moths f'rom aeto11e.ted 

to u.ndefol1ated. compartments •. 

4 • The ,structure and appearance tJt the egg is de• 

scribed. Using spee1al technique to o'bt.ain and 

maintain constant relative tium1d1tfes, the influence 

of various combinations or temperature and relative 
ha5 b e."-n 

humidity on the 1ncuba.t1on of the egg is determined. 

;.. A description .is given or the external morphology 
I 

of the larval stages; which include.s the va:ri·ous types 

ot setae, end setal maps ot the first and lest 1nsters. 

The technique ttsed to obtain accurate setal maps f.s 

described in detail.. The attachment of the poison 
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. . . .~e·~ae, as vall as the or:l.g1n ot the polson and its 

ettect on man, are dealt w1tb.· 

. 230 

· 6. ·A study has been mad.e ot the ettect ot olSmate, 

· · particulal'ly .tempei-at:are.t Oll ·the COlOU'l" of". the 1Jltegu-
• ' r .,. 

· . · · · . ment ot the lan·ae. · . · · ~llmatic tntlueaoe on such 

·· colou:ration 1s illustrated by sketches ot i;rp1cal 

'. 

. ; 

' ' 

7. 

. . . ,. . . ... 

.l key, bas~d ·chtefl7 on colour ··atrterettces, is· 
. ~gJ:v·e~ b)l' ·m~as ot which ·the varioUs larval illstes 
.~··be :ai~t~sl\84 'trom eaoh ether• · · 

8. fbe types ot cage developed tor rearing and keeping 

the larvae. u.r.teler obse~vat·ion ana. described. ~he 

:rntWements and. · h&b1ts of ·the larvae .from the· time ot 
hatching tO pu.pat~n are deait w1 th. 

9. As the r.esult ot inte:nstv.e surveys ·CJfer vast areas 

ot indigenous nora, a list or the natural host 

plants .or the .larva bas been :compiled. A list 

or .the ext>tle plants. in South At.r1oa ~tteoked ~l' this 

!;nsect is also given. lt !s shown tbat the feeding 

·. habits on exotics ditter cons.:1derabl1 .from those 

observed·. when illd1ge.nous broad-leafed plant Species 

are attacked. 

1'0• The combined influence ot various combinations . 

ot temperatu:N) and :relat1'\'e humidity on tbe third _ 

and sev·el;lth 1nstar .lal'v:ae is det-erm.1ned 'by laboratory 

ex.periments .• 

11. ·A methoci is ·described by which density ot lanal 

pop~at1ons ·1n. pine plantations ,can be assessed without 

resor.t1ng to the .. pleasant -taSk ot aotual17 countbe the -
... .. ' 

lar•ae on sample trees. This :ts done by counting 

•eedles and taeeal pellets 4ropped. trom int~sted 

trees/ ••••••• 
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trees 011 S.ple areas Of known dimension ·Oll the 

forest floor _Cffe a fixed period ot time, the 

·:results being -c;orrela.ted .with tl\e average tepe­

ra~es vhioh prevailed durilig the sampling period. 

Population density ma7 be determrted . at a glance, 

iising the graph prepared for this purpose.· · · 

12. . 2'he eXternal ·morphOlogy ot the pupa 18 ·~described 

:a.nQ~ the 'it\t'llience ot temperature and relative buml­

d1t7 on tl:le duration ot the pUJal stage in its 

natural hab1 tat is determined. 

· 13. The-hi.stmoy ·ot outbreaks ot E. tcmtppli.§ 1n 

· plan,ationi ·ot eZotto tr_ees · 1!l South Africa is .re- . 

Yiewed and ·trom this it is deduced. that in &DJ' 

part:iolll.ar section ·ot a plantation outbreaks occur 

ln rouah ~cycles Of. from 6 to 8 J'8U.S • 

· llt. fhe.'habitat o·t the lnseet is subdivided into 

thre~ tJpes according to the 4ens1t7 ot the 

'inseot • the vwlous :ta4:t0rs which together 

. constitute the ~irollD'ien~al resistance or 
. i· · t@)!l~aill ens sene . to control this pest 

are_ analysed in. the three areas iof au'W\dance, w.tth 

special emphas!s on the area 1b. Which it ooour.s ln. 

p-est proportions •. 

·where r.egu.l.ar ·outbreaks occur, 

.1t/ ••.•••••••••• 
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1 t 1s shpwn that various :S.nse~it and fungal 
··· .. 

parasites influence the populE~,tion density of 

.1• .-it~rmina.l~s. It is shown that the ins.eot 

p.ara.sites play a .minor roltl in the eo.ntrol of 

the host insect, whereas the main eont.rolling 

tactor 1s ~~~ wa•~t ,.Gtortunately this L} (Tl 
fungal pnl"asite is. ettective only when the · 

population densi'ty of the host insect reaehes 
~-. . 

very .high levels,, i.e. at the stage when heavy 

, defol1at1on o.t trees is apparent-. The main 

controlling ·!ntluenc~ on .i• ~vminali& is thus 
7' ... 

a density d~pendant factor. 

1? ~ 'fhe biol,ogy and. morphology or the main 1n• 
is 

sect parasites~ !il. b still· .,_e!t la!'Vd eM: a.adt 

staegs a:ve described. ··This .study !nclu.des 

(a) the egg Pal''asite, ~do'iPUBG Jlh,utnla, 

(b) two larval panas1 tes, MQ.!ieQt:t~ 

trU•ntaS.Wt and !asbLna taJ.l;ax, and 

(e) the pupal parasite, Pimgt.a bJsol21:•· 

1~.. The direct loss in timber increment as .a 

result of total defoliat~on by i• $erm1nil~G 
' ' ' 

bas been determined tor P,.tw ,pa.tYJa trees in 
the Jessieva.le plantation. fh1s· was done by 

volumetric analysis. of trees which were totally 

denuded a few year.s e.go. Based on this 
-

a.nnl.1s1s, and kno~ing how many acres ot trees in 

this area had been completely defoliated during 
,_ 

the 25 years since this ,pest f.1:rst commenced 

damaging this plantation, an estimate is g:tven 

of the total los.s of timber to aata in this area 

· due to .l• ji.e.rmJ.llAl&l attack. 

·. 1 '7.. hotn ·the studies made; 1 t is cl.ear that the 

natural enemies of !• !ft.mj;na.Jaj.§ in certain J>l.an­

tations such as Jesslevale, are unable to prevent . '.' 

periodic/••••• 
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.Per1od!e complete ·defoliation. Secondly, that 

the loss of timber increment due to such epidemics 

1n these areas is so severe that ,chsmical control 

ot the pest would be an econom1eal11 sound invest• 

. ment,, · For this reason experiments were earrted 
out with the most· proro1s!ng ot modern tnseets.~e1Cies 

,against third and seventh !nstar luvae to deter .... 

mine which ot thes.e can be used most etf1c1entl7 

a.nd cheaply to control the pest,. The results 

ot these tests are given. 

• .. J. 
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