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SUMMARY

The biology and ecology of the indigenous and polyphagous

ChLsnias pqphAneLa. Lower on the exotic Pínus radíata D. Don

were studied betwe en 1976 and 1979

outbreaks of thj_s geometrid defoliator have occurred

periodically in Èhe past 50 years' some of which necessitated

chemical control. Vli.th one possible excepÈion at Bund'aleer,

(the species here *.s proltfty not d. paphAmeLq.) such outJ¡reaks

have been confined to the radiata pine pJ-antations of the South-

East region of South Australia.

The insect is univoltine. Pupation takes place in the

ground beneath tt¡e forest litter where the pupa spends the summer

and autumn months. Moths emerge in winter to mate and lay their

eggs. The larvae eclode in spring and pass through 6 instars

before pupating in earlY summer.

The seasonality of t]-e insect is influenced by its diapause

which in turn is influenced by temperature. The insect enters

diapause during the pharate adult stage. Two modefs of the

processes tl1at take place, from pupation to adult emergence, are

postulated and discussed.

Labo¡atory studies, the results of which were confirmed in

the field, suggest that pine shoots are ah inadequate food reFource

and that píne pollen must be present as well to ensure maximum

survival and growth of young larvae. The foliage of other host

plants tested, namely , MeLaLeuea' arTníLLd?is sm- and Cupressus

Íneï'oearpa HarÈweg' was superior to that of P. radiata
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for the parameters measured (i.e. survival-rate ancl growt-h-rate) '

The naturaf enemies of c. pachymela were identified and

discussed. An ichneumonid parasite, LissopímpLa eæeeLsa Cos:La'

which has been considered instrumental in terminating past

outbreaks of the pine looper was specially studied' and its role

in the population dynamics oL C' pachAmeLa \^Ias appraised'

Life table studies indicate that the probable key factors are

those that (1) operate on the first-instar larvae' and

(2) have a differential effect on the sex ratio

Thehypothesisisadvancedthattheavailabilityofpollen

tofeedonbytheyounglarvaeisakeyfactorinthepopulation

dynamícs of C. pachymeLa. This hypothesis is consistent with

the results of the study and explains both the distribution and

abundance of the insect in South Austrafia'

Suggestions are made for the future control of C' paehymeLa

in P. y,Aå.iata plantations without the use of insecticides. Two

of these suggestions, namellz alteration of tree phenology and

plantingofmale-steriletrees,arebasedontlreassumptionthat

pollen is a key factor. It is considered impracticable to alter

tree phenology, but the pJ-anting of male-sterile pine trees is

favoured because this suggestion, if adopted, may not only prevent

future outl¡reaks of C. paChymeLa but should also divert energy

normally expended in pollen production to vegetative growth'

therebyincreasingÈimberyield.Athirdsuggestionfortlre

control of C. pachymeLa involves the retention of large areas

of native forests dispersed within pine plantations. such a

practice is desirable both from the viewpoint of better wildlife

conservation and from the increase in the numbers of parasites

and predators of C. pachymeLa it could stimulate.
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CHAPTER 1

INTRODUC'IÏON

The pine looper , Chlenias pa.chAmeLd. Lower, an insect

indigenous to Australia, is one of ihe major insect pests of the

introduced Pinus vaå.iata D. Don in South Australia.

The Woods and Forests Departrnent of South Australia has kept

good records of ChLení.a,s attacks on P. v.'a'4iata since 1927. rt has

also carried out several investigations in cooperation with F. D.

Morgan of the V'faite Agricultural Research Ï¡rstitute. The frequent

references in subsequent sections to unpublished reports of the

Vüoods and Forests Department of South Austral"ia and to those of

Morgan are based on the Deparünent's records.

The early literature concerns the taxononry of species of

ChLenias attacking P. radiata (Lower, 1893; Meyrick, I89l; Tindale,

L928). Recentl,y some aspects of the diapause (Monro, L972) '
biology and population ecology (Madden and Bashford' L97'7a,

L977b) have been investigated.

1.1 Lrymy.

Tllo v¿¡riations in the pattern of the forewing (rig. f.t) can

be found in both male and female moths. The morph with the black

streak running from the base of the cosLa to the apex has been

named d- pachymeLa by Lower (1893), and. that without Èhe black

streak, C. pini Ay Tindate (L928). However, Morgan (personal

communication) and Boros (personal conumrnication) who have

worked on the taxonomy of the genus, consider them to be

conspecific. I have carried out numerous crossings which confirm

this. The name C. paehymeLa is adopted here since it has

precedence over the name C. píni.

I



Fis. 1.1 Two morphs of ChLenias pachyme\a both females.

The morph without ttre black streak in the forewing

(top¡ was thought to be a different species from

that with the black streak (bottom) . The former was

named C. píni anð, the latter C. pachymeLa.

Scales represent 2.8 mm (top¡ and 2.7 mm (bottom).
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There is a third form of ChLenias infesting P. z'adiata.

The larva and adult of this form are distinctly different from tl:ose

of C. pa.chAmeLa although it is difficult to distinguish between the two

when they are tiny larvae. The larva and adult of this third form

fit the description of C. zona.ea given by Meyrick (I89I); this

species was first described by Guest (1886) under Meyrickrs

manuscript name. ChLeniAs ZOTLA.eA was found in tìe study area, but

its occurrence 1nras rare (<5%) compared with C. pAchAmeLA. and no

attempt was made to differentiate between the two species when

sampling for life table studies.

Both C. pa.eVtAmeLa. and C. zonaea are present in the forests of

tl1e Lower South-East. The former species appears to predominate

in number over the latter.

L.2 The host

The earl_iest record of the introduction of P. rad.iata inLo

Australia was in 1857; the species was found growing in South

Australia by 1866 (Fie1ding, L957). Radiata pine was one of the tree

species planted. in the first forest ptantation in South Australia

at Bundaleer in 1876 (Lewis, L975) .

Today P. yaã.iata is the most extensively planted forest-tree

species in Australia. Plantations are established within a narrow

coastal belt in hlestern Australia and south-east Australia, as

well as Tasmania. In South Australia, exotic softwoods accounted for

approximately 99% of the planted forest area at 31 March 1977 of

which p. r,aåiata is of predominant importance (fa¡te f.1). The

majority of tLre planted forest in South Australia is in the Lower

South-East (rig. L.2).
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Table 1.I Ptantation areas (ha) in South Australiat

3I March L977.

Other
Pinus

Hardwoods

State forests 69872-L

Private forests 17103.0

6692.O 1049.5

99.O

TotaI 93667.L 1148. 5

Source : Leonard (1978)



Fig. :--2 Forest regions of South Australia.
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Scott (1960) reviewed various aspects of P. radíata including

its botany and protection. of the large volume of literature on

this coniferous species, those by Fielding are particularly useful

in understanding the present study. Many of his observations

made at Canberra also apply to the trees in the study area.

A brief account of some aspects of the botany of P. radLata has

been given below and is based on 3 publications by Fielding

(1953, 1955, 1960).

The tree consists of a central axis or trunk supporting a crown

made up of whorls of branches. Unlike most other species of

Pinus, P. radiata. is typically multinodal and produces frorn I to 4

or more whorls per year. The number of branches in the whorL varies

from I to l0 or more. The branches bear needles of various agesi

needles may be retained for up to 6 years. But for the present study

the term "mature foliage" refers to need.les about a year old, i.e.

the needles just behind the new shoot.

Radiata pine is typically monoecious and produces both seed and

pollen on the same tree. Hov/ever, all gradations occur between

trees that are completely male and those that are completely female.

MaIe flowers are first produced at about 3 years of age and female

flowers at about 4. The male flower is also known as a staminate/

male strobilus and the female flower as an ovulate,/female strobilus.

As used here, a shoot is the youns growth of a stem which is less

than a vear o1d. Ontogenetically, the male strobili are dwarf shoots

and occupv the position of needle fascicles. Therefore shoots mav

be of two kínds - pollen-r¡roducins or purelv foliar. The seasonal

growths of these 2 kinds of shoots differ. G:rowth of the purely

foliar shoot is rapid in spring and very slow elongation takes

pl-ace the rest of the year, with growth in autumn and early winter

almost at a standstil-l.
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The pollen-proclucing shool-s eJ-ongate throughout the year with

the exception of a resting period in sununer. l'he male strobili

develo_o in autumn and pollen is shed ín early spring. Growth of

the shoot cónt-inues with the devel-opment of foliage above the male

strobili and ceases in early summer-

1.3 History of tlre association of Chlenía.s sprr. with Pinus raå.íata

The following account of past occurrences of ChLenias spp. on

p. z,aÅiata in South Australia is based on documents in the files of

the Woods and Forests Depar:f-rnent of Sorrth Australia unless otherwíse

mentioned.

The first outbreak of loopers in South Australia was reported

in 1921. A letter from forester F. Kay to the conservator of

Forests in Adetaid.e mentioned the presence of looper caterpillars

in plagnre proportions on P. radiata in the Mount Burr area. Kay

had seen the caterpillars before but had never known them to cause

perceptible clamage. Since then the pine looper has been reported

in various plantations (ra¡te I.2). It wiII be,noted that, with

tJ:te exception of Bundaleer, all t]¡e recorded occurrences of

Chlenias have been in the South-Eastern region' The outbreaks

' at Bu¡rdaleer were probably not caused by C. pa,e7'LAmeLa. but by

another species of ChLení^c.s (Morgan, personal communication) .

It is probable that pine loor¡ers are end.emic to the forests in

the Sorrth-East. Although the Table (fa¡}e t.Z) lists every recorded

occurrence, it is by no means complete. It is likely that many

Iight infestations have gone unnotj.ced or were not reported. For

example, I Ìrave found larvae in the Tantanoola plantation and this was

a'locality not previousty reported. In 1976 Myora was t].e only

ptantation mentioned as being infested (Soutl, l-978) but I have found

the larvae at Caroline, Mor:¡t Burr and Penola as well- as at Noolook-
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Table 1.2 Recorded occurrences of Chlenias spp. on Pínus radiata

i-n plantations of SoutJ: Àustralia.

Year Location

1927

1936

L940

J-947

1960

T96I

l-962

1963

L964

1965

1966

Mount Burr

MounÈ Burr

Myora

Comaum

Caroline,

Caroline*,

Bund.aleer,

Noolook*

Carol.ine*,

Caroline*,

Mount Burr,

Mount Burr,

l,lount Burr,

Mount Burr

Bundaleer

Bundaleer *

Noolook

Myora, Noolook

Comaum, Mount Burl:, Myora, Noolook*

Caroline*, Comaum*, Mount Burr, Myora*,

Kongorong, Morrnt Burr*, Noolool<*

Mount Burr*, Myora*, Noolook*

Myora, Noolook

Myora, Penola

PenoIal-967

1968

1969

I970

T97L

t976 Caroline, Mount Burrr Myorar Penola, Noolook,

Tantanoola

* Treated with ínsecticide

Source : The information above was obtained from the files of the

Woods and Forests Departîent of South Australia with the

exception of that for L976 which was derived from a survey

I carried out in the plantations of the South-East.
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I.4 Damag e caused bv ChLenias

Except where otherwise statecl, the following assessment of

the importance of the pest is based on the records of tle Vloods

and Forests Departrnent of South Australia.

Trees of aII ages are attacked. Caterpillars have been reported

damaging new plantings. On the other extreme they were seen in the

crown of a 23-year o1d tree felled in a thrinning operation. It is

believed that the caterpillars found in new plantings r,rere brought

there by the wind from older stands nearby. This is proba-bly

correct : I have searched for eggs in new plantings at Caroline

and Noolook witÌ¡out any success although I did find many late--instar

larvae. These larvae did not appear to have penetrated deep into

the stands, being generally confined to the margin nearest the

older stands.

Attacks on natural regenerations have been reported in Penola

and are common in Mount Burr. But natural ::egenerations are not

presently being utilised and the loopers d.o not therefore pose

a problem.

The reported infestations vary in intensity. The darnage done

ranged from very tight. to complete defoliation-

Trees have a good chance of recovery if the defoliation is not

severe. A study carried out after an outbreak at Bundaleer in 1969

showed that where defoliation was complete the trees were likely

to die.

Ho\nrever, the proportion of trees killed as a direct consequerlce

of defoliation by looper caterpillars is smal-l. An attack by insect

pests in general rarely results in ìnortafity of radiata pine, except

in natural regeneration under a canopy of older trees (Minko' 1965)

as has happened in Tasmania between 1968-197I (Madden and Bashford,

L977a). !{here nrortality has been high in planted stands as in the
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infestation at Bundaleer in 1969, climatic conditiorrs \'rere conside.red

to be contributorY factors.

Branch tips and leaders are often killed in a severe infestation

(Bednall , Lg62). Such damage to a tree may eventuate in one of

several stem defects known as dead-top, forking and stem kinks and

bends. These defects and the resultant losses have been described

by Wright et al. (1961) and the following account is taken from

their papers :

1. Dead-top : Death or severe damage to the terminal shoot of

a tree may be folfowed by subsequent development ancl assumption

of terminal dominance of several lateral branches from lower

down the stem. The main effects of dead-topping are the

reduction of the length of the merchant-able log, and recluction

of tree vigour. Tf the secondary leaders develop to merchant'able

síze, there is a strong possibifiq/ that one or more of ttrese

secondary leado:s wíII be broken by the wind. In addition tJ-e

small-er size of these secondary leaders and the prevalence

of stern kinks qreatly reduce their value.

2. Forking : A forked tree is one wíth more or less equal--sized

Ieaders replacing the norn'ral terminal shoot. Forking may not

result in any loss of total volume. Ho\¡¡ever' the stems that

make up the fork are smaller than t]ìe stem of a normal tree

and thus the value of a forked tree is reduced. As in the

case of dead top, there is a strong possibifity of windthrow.

3. stem kinks and bends : Displacement of the leading shoot

from a vertical position often results in the formation

of permanent stem kínks and bends. The quality of sawn timber

cut from kinked logs is affected by the distorted and sloping

grain resulting from tl:le kinks. Kinks are also associated

with wandering pith, compression wood a¡td an increase in the
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deleterious offect of the lower density core-wood. The

quantity of sawn timber recovered may also be reducecl by severe

kinking.

Injury to P. radiata by ChLenias spp" may render the tree more

vulnerable to attacks b1z other insects. Severe defoliation of I-16

year old regeneration in Tasmania between 1968 and 1971 resulted in

the death of many trees and predisposed many of the survil'ors to

attack by the wooCwasp, Sireæ noctiLío F. (¡,tadden and Bashford,

L977a). A serious attack on 15-20 years o1d plantations at Bundaleer

in 1969 killed many trees that were cornpletely defoliated and caused

some of the survivors to succumb to Ips gnandícolLis sícyrln. ('rhomas,

L1TL). Fortunately, neither 5. noctiLío nor f. grandícoLLis have

been found in the importanÈ South-East as yet.

Between 1961 and 1964 there \^rere severe outbreaks in several

plantations in the South-East and chemical control became necessary.

Fogging with DDT readily brought the pest under control. The other

forest regions of South Australia have remained free from outbreaks

wíth the exception of Bundaleer in tJ:e Northern region.

There have been other occasions when it appeared that the insect

would be a serious threat judging from the numbers of eggs and early

instar larvae present. Às it turned out, mortalíty was high and

the larvae were reduced to innocuous levels.

Outbreaks of. ChLenias seem to be characterised by their sudden

appearance and disappearance. Reports by foresters suggest that tl:ere

is no gradual build-up over several seasons. Many outbreaks which

had reached tJre stage where the larvae ra,lere causing noticeable

defoliation ended abruptly wíthout intervention by man.
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The genus is neither limited to South Austral-ia nor is its host

only P. yaãiata. In Victoria the I¿lr:vae attack a wide range of

trees and shrubs including species of EucaLyptus' Cupnessus ma.erocarzpa

Hartweg. anð. Pinus spp. (¡,tinko, 1965).- There v¡as an ouÈbreak in

a P. radiata plantation in Gippsland, Victoria .ín 1959 (Morgan'

unpublished report). ChLenias larvae have been recorded defoliating

apricot trees , C. macroeyT,pq and P. rAdiAtA in Tasmania

(Tindale ¡ L928¡ Madden and Bashford, L977a) .

In South Austratia itself many host specíes are known. Morgan

(unpublished reports) has recorded the following hosts z Acacia

mea,rnsií De Wild., Cassínia Laeuís R. Br., Banksí.a. marginata Cav.,

i(tmzia spp. and Leptospermum sp. T have found them feeding on

MeLaLeuca ormíLLay,ís Sm.r Cupressus ma.eaoca?pa Hart\,reg, Pittospon)rn

unãuLatum Vent., Cityus sp., Prostanthera oUaLifoLia R. Br. and

CøneLLia iaponica r.

1.5 The studv area

Fie1d studies were carried out at Noolook forest. The forest

is located 341 km (by road) to the south-east of Adelaide.

The forest is largely planted to P. radiata' but other

conifers, in particular P. pinASteZ'5 are also grown. The trees are

planted in rows running in a north-south direction. The forest is

divided into stands, called compartf,nents, by roads and breaks.

The trees within a compartfnent are of the same age-

Life table strrdies were carried out in compartment number 68

(see Section 7.2.Ð; other studies and collection of ex1¡erimental

materials, e.9. pupae' e99s, pollen, were done in Èhe ad'jacent

compartrnents. The trees in these compartfnents, including compartment

68, were planted in 1969.
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The basic features clf the climate in the study area are much

like that of the rest of South Altstral-ia, Í.e" hot dry summers with

relatively mild nights, and cool but not severe \^linters. Highest

temperatures recorded during the sunmer monthsn December to February,

were 38, 35 and 36"C iu 1976' 1977 and 1978 respectiveJ-y.

Temper:a'tures start to fall during the auturr¡ months of March,

April and May. The winter months, June to August, are tlte

coldest; Iowest temperatures recorded in L976, l-977 and l-978

were -1.5, -I, -1"C respectively. Temperatures gradually rise in

the spring months of September, October and Novem}:er-

Most of the rains are experienced l¡etween May and septernber"

Rainfall during the rest of the year is generally ligirt and

unreliable although heavy rains do occur occasionally-

Air temperaÈure and rainfall recorded at Noolook during

1976, 1977 anð. 1978 are summarise<l in Appendices I and 2.

I.6 Scope of the study

In broad terms, the present study investigates the biology and

ecology of C. pa.ehAmeLq,. The study includes : (1) aspects of the

biology, especially those aspects useful for an understandinq of

the population dynamics of the insect, (2) construction and

analysis of life ta-bles to determine the factor(s) which strongly

influence the population trend, (3) identification of natural

enemies and evaluation of the importance of some of these ene¡nies

in ttre biological control of tJ:e insect, (4) evaluation of the

role of food in the population dynamícs of the ínsect, and

(5) examination of the diapause processes in order to understa¡d

tJre phenologry of the insect.
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CHAPTER 2

GENERAL MATER]ALS AND I'IETHODS

2.I Rearing

The various stages of ChLenías used. in experi¡nents were

obtained either from a laboratory cufture or from the field.

The laboratory rearing plocedure described below starts with

the adutt andendswith the pupae. The same procedure was used when

larvae collected from the field were being reared e.g. for parasites,

or when, say, eggs were desired.

Eggs \^rere obtained by placing 2 adult males and I adult female

together in a clear polystyrene container 20 cm deep and 20 crn in

diameter Èogether with a sprig of píne foliage for egg J-aying and

l-O% sucrose solution for food. The female showed a strong preference

to oviposit on the pine foliage; in the absence of this ovipositional

substrate, irregular masses a single layer deep were deposited

anyr^rhere on the cage - this happened even when paper towel \^/as

provided.

The eggs \^rere sterilised with 0.15ã sodium hypochlorite solution

and rinsed twice with distilled \¡¡ater. They were then placed over

distitled water in a cl0sed container and incubated at 15"c.

Larvae were reared in 120 ml capacity "pomade" jars. Initially,

20 first-instar larvae were placed in each jar; the density was

progressively reduced with each instar until in tJ:e sixth instar

there was only I larva per jar. The larvae are not cannibalistic

but this procedure was followed to minimise possible stress from
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overcrol'vding.

The larvae were fecl an abundance of foliage from a hedge of

Cupressus ma.eï¿ocarT)a. The fotiage of C. macroca,Tpø growing as

a hedge differs from tJrat growing as a tree in that the former has

a prepo¡derence of juvenil.e foliage whilst ttre latter produces mainly

mature fOliage. The terms "juvenile" a¡d "mature" are uSed here in

the ontogenetic sense. Younger larvae, especially the first

instars, seemed to fare poorly on mature foliage of C. mA.cYOca.TpA.

The older instars, however, could be fed new mature foliage without

any apparent ill-effects.

Larvae could afso be reared on new foliage of MeLALeUcA

arrníLLarLs a¡rd that of various species of EucaLyptus e.9.

E. cønaLduLensis Ddndn-, E. eLadoeaLgf F. Mue1l. The problem with

using the foliage of these species is that they tend to wilt and

dry very quickly. Pinus y,qåíata is a poor host (see Chapter 5)

and stas not used to feed larvae.

Larvae r,{ere successfully reared to the pupal stage on an

artificiat diet publishecl by Twine (1971). However, tJre larvae did

not appear to be as heal-thy as those fed C. mq.eroealpa foliage.

Whether the artificial diet could be improved or another better

diet found 'úrere aspects not pursued because of the univolÈine

and slow-growing nature of the insect and the shortage of time.

It is worth noting that the food plants of ChLenias

belong to genera which are rich in essenÈial oils e.g. Pinus,

Citrws, EucaLypttts, Leptospemmm, MeLaLeuca' Cupt'essus. Furthermore

it was observed that larvae clustered around a wood.en case containing

vanillin which was placed under an infested. Prostanthera ouaLifoLia

tree. Essential oils and otlter strong-smetl5-ng organic compounds

Iike vaniltin may act as attractants and/or phagostimulants for
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ChLenías larvaei it may be necessary to a,<1d this kind of

substance when preparing artificial- diets for the insect. The

addition of essential- oils to artíficial diets for Lepidoptera

has also been recommended by Dickson (1976).

When the larvae reached the prepupal stage, they were

allowed to pupate in vermiculíte.

2.2 Constant temperature rooms and cabinets, and insectary room

Experiments carried out at constant temperatures of 15 , 20,

25 a¡d 30oC were done in constant temperature rooms where the

variation was t I"C; photoperiod was maintained. aL I2:L2 (L:D) '

Experiments at other constant temperatures I^Iere carried out

in cabinets where the variation was t I"C and photoperiod. was set

at 8:16 (L:D) .

Temperatures in the insectary room remained at at¡out 2OoC

most of the time, but the range recorded by a thermograph was

I7-27"C. The source of light was indirect sunl-ight coming in

through the window of the insectary

In no instance was humid.ity controlled.

2.3 Light trapping

The light trap comprised the following : (l) a 160 watt

mercury vapour lamp (philips MLL-N) suspended I m above the

ground, (2) power provided by a 1000 watt 240 volt generator,

and (3) two clear polythene sheets to cover an area of ground

6 m square wÍth the lamp at the centre of the square" Moths

landing wiÈhin the area covered by the sheets were caught and

recorded.

The trap was set up before sunset and traoping was terminated

when no moths were caught for 20 minutes.
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2.4 Counting of eclgs

Eggs occur in masses a single layer deep and ad'here

tenaciously to each other as weII as to tJre ovipcsitional substrate.

À technique had to be <levised t<¡ facilitate the counting of

individual eggs. This was accomplished by the use of a "Rotring"

drawing pen with a 0.25 nrn níb. Counting was done under a

dissecting microscope; each egg counted was marked with a spot of

black clrawing ink. Lart¡ae ecloding from eggs thus marked did

not seem to be adversely affected by t]- e procedure. If necessary'

alì egg nass was re-countecl by the use of ink of another colour.

lrlhere t]le egg mass was deposited on a pine needle, handling was

made easíer by enclosing one end of the needle in a small piece

of plasticine.

2.5 Measurement of dimensi-ons

Where an object was sufficiently small, ê'9' eggs, its

dimensíons were determined wíth a calibrated ocular micrometer

placed in tÌre eye-piece of a rnicroscope (Wil¿t M5) '

Larger objects such as pupae were measured with a pair of

vernier calipers.
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CHAPTER 3

TÊIE BIOLOGY

3. I Introductíon

A considerable amount is known about the biology of the

species of. ChLenias attacking P. z'adíata through the work of

Tindale (1928), Morgan (unpublished reports), the Wcods and

Foïests Department of South Australia (unpubiished reports) and

Madderr and Bashforcl (I9'Ì7a). Hoh¡ever, the account given by Madden

and Bashford., albeit a detail-ed one, is not of direct relevance

here as they trave asserted that ttre species with which they were

working was not one of those described by l'leyrick (I89I) , Lo\^/er

(1893) and Tindale (1928) .

The biotogicat studies which I have carried out seek to covel:

gaps in the present knowledge and to provide information which

would. be useful in the understandíng of ttre population dynamics

of the species in a P. raå.iata forest.

3.2 Egg

À description of the egg is provided by Tindale (1-928) ¡

measurements of 50 eggs are summarised in Table 3.1. The

incubation period has been given by Morgan (unpublished report)

as 24-28 days in the field a'nd 24-36 days in the laboratory. The

ambient t.emperatures were not mentioned.

Prior to emergence the first-instar larva is clearly

visibte through the transparent chorion. The larva emerges by

eating a hole in the chorion.
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Table 3.1 Length and. breadth (in mm) of eggs

I;Vidth Length

n

x 0.68

0.594 - 0.642

0 .002

50

o.779

o.720 - 0. 828

o.004

50

Range

CF
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After the larvae have hatchedo the shells remain attached to

the substrate for a }ong time, many for at feast a year. Previous

seasons' egg sheIIs al:e easily distinguished from the current

seasonrs; the former are yellowed and coveled with grit wheleas

the latter have a clean opalescent appearance-

3.2.I Eqg deve lopm ent at constant tem'Peratures

' Newly-Iaíd eggs (n=22O) were kept in an environment of I00e¿

humidity (by holding the eggs ahve distilled water in a closed

container) a!" each of the following temperatures .51 10, 12,15,

L9,25 and 3OoC. The eggs were l.aid by 1I female moths; 20 eggs

of each female hrere allocated at random to each of the 6 temperatures.

The eggs hrere examined daily and the numbers hatching were recorded.

The results are sunmarised in Table 3.2. The median rather

than the arithmetic mean is more appropriate here because it

eliminates the effect of extreme response and provides a statistíc

with the desired characteristic of minimum variability (Messenger

and Flitters, 1958).

At 5oc eggs eventual.Iy turned a bronze colour but did not

hatch. Eggs also failed to hatch at 25 and 30"C.

Vùhen the reciprocals of the median incubation periods lvere

plotted against temperature, the relationship could be adequately

fitted by a straight line (rig. 3.1). The straight li.ne was then

extrapolated back to the X-axis, as has been done by many workers

(e.g. canrpbell et aI., L974¡ Obrycki and. Tauber, 1978) for other

insect species, to obtain the theoretical threshold of development.

The estimated value vtas 5"loc.
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Tab1e 3.2 Effect of various constant temperatures on

egg development. (n=22O eggs per treatment)

Temperature
('c)

Median
Incubation

period
(days)

Range
Incubation

period
(days)

z
Hatch

:5

to

L2

15

L9

25

50. 7

38.2

25.2

18. 3

47-62

36-49

23-34

17-25

85. 5

83.0

84. 5

76.5

30



Fig. 3.1 Linear regressj-on of the reciprocal of

median íncubation period on temperature.
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The tirermal constant (K) was then calculated from the

eguation K = y(D-t), where y = median developmental time (days) 
'

d. = temperature ( "C) , t = theoretical threshold for development

("c) (Andrewartha and Birch, 1954). The K value was estimated at

253 D".

3.2.2 Egg development in the field

A total of 25 egg masses in 5 samples of 5 eqg masses each

were tagged over the entire egg-Iaying period in 1978. The incubation

period recorded for an egg mass ranged from 48-68 days and the mean t 5.9.

58.2 ! O.55 days.

From the data the estimated thermal constant (K) was calculated

for each sample using the threshold temperature from the laboratory

(t = 5.1"c) and the mean temperature in the field during the time

at which tJ:e eggs were developing. Similarì-y, the estimated

threshold temperature v¡as estimated from the field data assuming

that the thermal constant (K) was 253 Do as determined in the

Iaboratory. The results are shown in Table 3.3. The mean of

the estimated K values was 269.5 Do. and the mean of ttre

estimated t values was 5.4oC, which may be considered to be

reasonably close to ttre values of K and t obtained in the laboratory

í.e. 253 Do and 5.I"C respectively.

3.2.3 Moisture requirement for eclosion

Moisture is required for the proper development of the eggs

of many insects. This moisture reguirement is met by absorption

of free liquid \^/ater : absorption of water vapour by eggs of

arthropods has not been demonstrated (edney, 1977) -



Table 3.3

2T

The mean number of days for eggs to hatch in

tJle field in samples comprisi¡rS 5 egg massest

and the estimated values of thermal constant

(K) anri of the threshold temperature (t) for

each sample

Sample No. Mean days
to hatch

Estimated
K

(D" )

Estimated
threshold

( "c)

I

2

3

4

5

56

61

61

56

252.O

268.4

262.3

285. O

280.0

5.1

5.4

5.3

5.7

5.6

57

x 58.2 269.5 5.4
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In C. pachymeLa the egg is able t.o develop nonnally in an

environment of low humidity until the f-irst-instar larva is visible

through the translucent chorion. At this point high humidity or

actual wetting of the egg is essential for eclosion. A similar

situation has been observed ín Urq,ba Lugens (I{alker) Morgan and

Cobbinah, 1977). In both species it is cl.ear that moisture is

required for eclosion of the first-instar larva as distinct from

the moisture requirement of ttre embryo.

An experiment was undertaken to determine the range of

humidity within which eclosion would take place. Nervly laid eggs

were placed in jars in which the relative humidity was control.l-ed

by the use of various saturated salt solutions. The salts were

selected from the table of Winston and Bates (1960). The salts

used and the corresponding humidities obtaíned at 15oC were as

follows z H2Or IOOs¿; Na tartraLe, 94%¡ (NH4)2son, Jgz; NH4No3r

57e"¡ Ca(No:)Zr 52zi K2Co3, 44"a.

A high percentage eclosion occurred within the 78-100% range

(ta¡te 3.4). Below 78% only a very small proportion of the eggs

hatched.

Buxton (L932) postulated that'the deleterious effect of "clry"

air on the egg may be a fatal loss of water from the embryo or

because it results in the egg sfreff becoming hard and impenetrable.

The latter explanation probably applíes to C. pa,ehAmeLa. on the

other hand, eggs kept in an atmosphere of low humidity were sometimes

found to have holes eaten in them and yet the larvae had failed to

escape. 1È is possible that the first-instar larvae requj-res

moisture to initiate normal activities.

Examination of egg masses collected from the field after

Iarva1 ecfosion showed that fertile eggs always hatched.
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Table 3.4 Percentage ecl-osion of eggs at various relative

humidities (temperature 15oc) .

Relative humidity
( "")

n I

Hatch

44 319

383

25I

339

205

301

0

3-9

5.6

84.7

94.I

9 5.0

52

57

78

94

I00
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Obviously the moisture requirement for eclosion is met in nature.

Moisture is available from the frequent rainfalls, the high

relative hurnidíties prevafent at this time of the year' and

dew.

3.3 Larva

A description of the larval instars was gi-ven by Tindale

(1928). variation in colour is common. For example Tindale

described the head and prothorax of the final-instar larva as'

,, ... bluish green in colour with scattered blackish marks alìd

spots,'. Many individuals conform to this description but there

are a number with head capsules which are ochreous in colour witlt

the blackish maculations being replaced by whitish ones to

varying degrees. A sixth-instar larva is shown in Fig' 3'2'

3.3.1 Behaviour

Neonate larvae are extremely active and exhibit marked

positive phototaxis. They soon suspend themselves from silk

threads and can be easily dispersed by air currents to other

branches and trees. observations in the field and in the

laboratory suggest that almost all first-ínstar larvae undergo

an initial dispersal episode. Dispersal has been discussed at

length by Andrewartha. and Birch (1954); they observed that most

animals have an innate tendency to disperse, and that this tendency

may be accentuated by various factors tike crowding, hunger, warmth

and wind. It has been demonstrated that ttre first-instar larvae

of Lymantria dispan (f.) dísperse more frequently in the presence

of unacceptable food or when denied food, than when in the

presence of favoured food (Capinera and Barbosa' 1976) '



Fig. 3.2 ChLeníns paclu¿meLa, sixth-instar larva.

Scale represents 6.5 nrm.
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Starvation, food quality and larval density were examíned as

factors inffuencing the tendency of first-'instar: larvae of

C. pq,chAmeLa to disperse; t-he results were iuconclusive-

The early larval instars are resLricted in their chr:ice of

food materials. They show a strong preference for pine pollen

and can often be seen burrowing into the mature male strobili.

Pollen seems to be an important consÈituent of the diet of young

Iarvae. This importance is examined in Chapter 5.

other than pollen, the stem tissue of new shoots is the

excl-usive diet of the young larva. By the time it reaches the

third-instar the larva is feeding on the proximal ends of new

needles. Up to the end of the third-instar's feeding period the

damage to its host is not noticeable.

Fourth and later instar larvae are voracious feeders. Entire

needles may be eaten. Frequently, neeclles are eaten at the

proximal end and then the presence of larvae ca¡r be detected by

bits of green needles scattered on the ground under an infested

tree. current season's needles are still preferred although

needles of all ages are eaten when the population is dense and

food is scarce.

When the larva is disturbed it drops from the branch and

dangles by a silk thread. After some time it will climb up the

thread onto its previous perch. This behaviour is more evident

in later instars.

Like the neonate larva, other instars are also positively

phototactic but the response seems to k¡e much weaker. A reversal

in the normally photopositive response has been observed to take

place at high temperatures. Whilst sampling for larvae in the

field, all 10 larvae sampled from one tree were found on the
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trunk; the ambient air temperature was 36oC. On another tree,

15 of the 17 larvae sampled \^¡ere also found o¡r the trunk; the

temperature recorded was 38"C. The lar:vae concerned were in their

fífth and sixth-instars. In the laboratory sj-xth-instar l-arvae

v/ere seen to move rapidly away from the window when the arnbient

temperature was 32"C. This reversal j.n the normal response to

light has also been observed and investigated for other

Lepidoptera (Wellington and Henson, 1947¡ Sullivan and Wellington,

1953). The reslþnse is probably a thermoregulatory one but may

also be influenced by relative humidity and starvation. The

effects of physical factors on the behaviour o1 C. pachgneLa

larvae require further investigation.

3..3.2 Thermal requirements

Larvae were reared at 5 constant temperatures on Cupressus

ma,e?ocarpø fol-iage using the method outlined in Section 2.1.

The larvae were examined daily; the developmental tjme was

recorded for each larval instar (ecdysis to ecdysis) and also

for the entire larval stage of both sexes; the median developmental

times are given in Table 3.5. The median value was used in

preference to the arithmetic mean for the reason given in

Section 3.2.L.

The reciprocal of the median developmental time (rate of

development) was plott.a .gainrt temperature (Fig. 3.3). The

rate of development at 25oC deviated from the linear relationship

for all larval instars, so linear regressions of the rate of

development on tempera+-ure were based on the data for the other

temperatures. The threshold temperatures and thermal constants
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Table 3.5 Developmental times (days) of i-arvaÌ instars of
ChLenias pachymeLa at various temperatures.

LarvaI
instar

St-atistic Temperature ( "c)

11 I3 I5 20 25

I

II

ITI

IV

v

VI

¿ :I-VI

o :I-VIt

Meclian

Range

n

Median

Range

n

Median

Range

n

Median

Range

n

Median

Range

n

Median

Range

n

Med.ian

Range

n

Median

Range

n

18

L6-24

80

16

13-28

60

22

10-34

45

2L

15-34
îtr

15

12-20

93

T2

9-15

92

I2
9-r4
a2

L2

10-19

80

I5
TT-27

77

38

31-53

74

100

90-115

58

109

100-115

t5

12

10-r7

99

9

7-L3

98

I
7-LL

97

9

6-I4
94

T2

a-2L

93

30

26-43

88

80

68-97

66

85

77-LOL

2L

7

6-10

79

5

4-1

79

5

4-8

79

6

4-8

74

I
6-L4

72

20

17-32

72

52

45-68

64

6I
56-69

7

7

5-9

64

5

4-6

58

5

4-8

58

7

4-8

57

8

4-L2

56

19

L6-29

52

49

43-60

39

59

52-66

I2



Fig. 3.3 Linear regressions of median developmental rate

on temperature for larval instars I-VI (Ll-L6)

of Chl,enias pa,ehryeLa. The regression functions

are as follows :
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\¡rere estimated using the methocl given in Section 3.2"1 (Table

3.6) .

It should be noted that figures given for t].e sixth larval

instar included the "prepupa". The prepupa is distinguished by

several behavioural and physical features t (I) feeding ceases,

(2) the body contracts, (3) t-he colourful markings turn d'uIl ,

and (4) the cuticle acquires + greasy appearance' However'

apolysis does not occur in the sixth instar until formation of

the pupa. Therefore, ttre prepupa may hot be considered as a

separate instar or stage-

3.4 Pupa

The larva pupates within a silken cocoon encrusted with

soil particles (nig. 3.4). Ecdysis was completed in less than

24 hours aÈ a temperature of 2ooc. Newly-formed pupae aÏe

greenish in colour but quickly acquire a light brown colouration

which deepens with time. A brief description of the pupa is

given by Tindale (1928).

Pupae may be sexed on the basis of genital ''Scars', : the

male has one on sternum 9 and the female one each on sterna

g and 9. Female may frequently be distinguished from males

because the former are bigger in size' However, sexing pupae

on the basis of size is unreliable as thare is considerable

overlap in pupal dimensions (Table 3.7 ) '

Intheforest,pupaeweÏecommonlyfoundeitheratthe

soil surface beneath the titter or immediately below the soil

surface. They were rarely found more than 5 cm below the soil

surface, and none were found in the tree'
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Table 3.6 Developmentai threshold temperatures (t) and

thermal constants (K) for the 6 larva1

ínstars of ChLenias pachYmeLa,

Larval instar t( "c) K(D.)

I 6.0

7.4

B.I

6.8

5.0

5.2

100. 5

66.7

59 -2

79.r

1r9. I

294.7

TI

ITI

IV'

v

VI



Fig. 3.4 ChLení,o.s pachymela .' pupae (top¡ and soil-

encrusted cocoons (bott-om) .

Scales represent 2.7 rnm (top¡ and

11.2 rnm (bottom) ,
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TaÌ¡Ie 3.7 Dimensíons (in mm) of pupae'

Mal-e Female

Length Maxi-rnum
diameter

Length Maximum
diameter

n

x

Range

s.E.

20

16.0

13 .7-17. I

o.22

20 20

5.7 16. 6 6.1

4.6-6.7 13 . r-19. I 4.9-7 .7

o. rl o.46 0. 16

20
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The pupae remain in the ground for 5-6 months. Since the

greater part of this time is hot and dry, I decided to find out the

extent of weight loss that would take place. Samples of pupae

were collected periodically from the study area over the entire

pupal period.. 'Ihe mean weight of each sample for each sex is

given in table 3.8. An analysis of variance showed no si-gnificant

difference (P>0.05) between the weights of pupae collected at the

various times for either sex (Appendix 3). These results suggest

that the pupae are able to endure the rigours of the surnrner and

autrrmn months without showing any significant loss in weight.

If the wej-ght of the female pupa is correlated with potential

fecundity as has been shown for other Lepidoptera (Baker, 1968¡

K}omp, 1968; Cobbinah, 1978¡ Capinera, 1979), then a sample collected

at any time from the field can be used to estimate potential

fecundity for the population. The relationshíp between pupal

weight and. potential fecundity was examined in an experiment.

Female pupae (¡=14) collected from the field on 15 January

1979 were washed, air-dried, and weighed. At emergence each

indívidual was dissected and the number of matuæ and immature

ova counted. qhe.data is'presented in Table 3.9'.

Analysis of the data showed that good correlations \^tere

obtained between pupal weight and number of mature ova

(r=0.92, x.0.01), and pupal weight and. total number of ova

(r=0.70, p<0.01); however, pupal weight was poorly correlated

with immature ova (r=0.39, P>0.05). The statistic 12 gives
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ra-]¡]e 3.8 Mean weights (in mg) of pupae collected periodically

at Noolook in 1978.

Sex Date of
collection

n Mean t S.E.

l

l

I

i

I

FemaIe

MaIe

11 Jan

17 Feb

23 Mar

27 Apt

19 May

11 Jan

17 Feb

23 Mar

27 Apr

19 May

306.0

353.2

323.0

369. 3

336.2

25I.2

262.9

250.7

270.3

249.6

20.4

11. 7

17.0

12.6

L5.2

6-0

6.1

6.2

5.5

8.8

11

20

20

20

20

20

20

20

20

20

I

+

+

t

+

t

+

+

+

+
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Table 3. 9 The weights of female pupae ot ChLenias

pacVtymeLa., and the numbers of mature, irnmature

and total ova found, within moths (<24 h old)

ernerging from these pupae.

Weight of
pupae
(ms)

No. mature
ova

No. immature
ova

Total
ova

I80.3

332.8

331. I

338.1

300.6

280.6

320.6

394.3

355.3

320.0

322.9

185.9

272.2

288.8

438

643

601

708

533

555

6L4

7r0

743

615

604

316

459

583

482

492

498

666

L26L

723

654

1014

668

659

666

5l-2

466

552

920

1135

1099

r37 4

1794

J.278

I26a

]-724

1411

L274

]-270

828

925

1135
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the proportion of the variance of y that can be attributecl to

its Iinear regression on x (Snedecor and. Cochran, 1967); The

pupal weight (x) may be used. as an estimator of the total- nruriber

of ova, i.e. potential fecundity (y) 
' but the estimat-e will be

relatively crude because only about half (r2=O.49) the variance

of y was associated with x.

A comparison was mad,e of the weights of pupae collected

from the study area in L976, L977,1978 and L979. The mean

weight for each sex in each year is shown in Table 3.I0.

Analyses of variance showed no significant difference (P>0.05)

ín the weights of pupae betrveen years for either sex (Appendix

4). The results suggest that the potential fecundity of pupae

were similar during the period of study.

Contact water ís not required for pupal development or

adult emergence although the soil in the field is usually wet at

about the time of adult emergence. In the laboratory, normal

healthy ad.ults ecloded from pupae kept throughout in unmoistened

vermiculite. Adults were able to mate and ttre females to lay

their normal complement of eggs.

Emergence of adults takes place between dusk a¡d dawn.

This limited period emergence is probably determined by a

circadian rhythm as has been demonstrated in many insects e.g.

HypVtnn-brLa eunea (Drury) (Hirai , L977) - The subject of

circadian rhythm in arthropods is a complex one a¡td has been

much investigated (see reviews by Danílevsky et al. , I97O

and Harker, 1961).
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Table 3.10 Mean weighÈs (in mg) of pupae of Chlenias

paehymeLa collected from Noolook in 1976,

1977, 1978 and L979,

Sex Year x I S.E.

Male

Female 1976

L977

L978

L979

20

20

20

20

20

20

t1

20
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3.5 Adult

The 2 adult forms (see Section 1.1) are present in both

sexes. These forms have been described by Lower (1893) and

Tindale (1928) under the names of C. pa.chumeLa and C. pini

respectively.

The onset of dusk appears to be a cue for adult activity :

flight, mating and oviposition aII take place in the per:iod between

dusk and dawn. Temperatures recorded at a height of I m

above the forest floor ouring adult flight ranged between 5.0 and

9.5"C. During the day, adults may fly or walk short distances

if disturbed but usually feign death.

Both male and female mcths are attracted to light. Dissections

of moths caught in light traps revealed that only 2 out of 29

females had a sizeable number of mature eggs (347 and 453). The

rest retained less than I00 eggs each, and out of these, 10 were

devoid of any mature ova. All the females examined had few or no

inunature ova. These data suggested that only females which have

laid at least some of their eggs responded to light.

The absence of fu1ly gravid females caught in light traps

suggested that such females do not respond positively to light or

are simply too hearry to fly far. This behaviour resembles that

of the spruce budworm, Choristoneura, fumiferarla. (Clemens), the

female of which will deposit her first few egg masses upon the

tree on which she emerges before becoming capable of active flight

(Wellington and Henson' L947).

Eggs aïe usually laid on firature green needles (fig. 3.5).

Flowever, egg maSSeS have been found on vreeds, immaLure needlest

as well as on dead needles. The eggs are deposited along the length



Fig. 3.5 ChLenias pachymeLa ovipositing on the needles

of. Pinus radiata.
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of a pine needle so that they are in contact with one another,

much like grains of corn on a cob" The mean numbers of eggs per

mass for 1976, L977 and, l97B are presented in'Iabl-e 3.11"

Both thê male and femafe moths are fully rnature at ecfosion :

mating usually takes place within a fev¡ hours after their wings

have expanded and. dried.

The presence of a single spermatophore in each l-ì-ght-trapped

female dissected indicates that the female moth only mates once in

her life. However, spermatophore counts may only be used. as

evidence of matilg frequency if the spermatophore can always be

recognised even though subject to erosionrcollapse and considerable

dissol:tion with tjme (Burns, 1968). The following experiment was

performed to examine the stability of the spermatophore within the

bursa copulatrix.

Newly emerged females were kept in a cage with about twice the

number of ma1es. The following day the femaies were renoved and

each kept in a cage with a sprig of pine needfes for egg-lafing.

Longevity of the females was prolonged by supplying them with I0%

sucrose solution. At death those females which had laid fertile

eggs were dissected and the condition of the spermatophore exarnined.

Each female (1=24) dissected retained a recognisable spermatophore

and most of the spermatophores did not show any sign of erosion or

dissolution. The evidence suggests that females of ChLení,a,s are

largely monogamous. In the laboratory some females were found to

contain 2 spermatophores. However, such females were caged with

mal-es throughout theír lives - a condiÈion not comparable with

that in nature.

The male to femal.e sex ratios based on pupae collected at

Noolook were z L976, J-.5:1 (n=237) ¡ L977, 6.3:1 (n=51);

1978, I.5:1 (n=811) ¡ 1979, 2.4:I (n=81). The sex ratio based on

the total number of moths caught in light traps during L977 was
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Table 3. lI Sizes of egg masses collected from Noolool<

ín L976, L977 and 1978.

L916 L977 1978

No. egg rnasses

x

Range

S.E.

191

163.7

6-848

1r. I

21_ L7

202.2 2T4.L

22 - 593 27 - 649

41. 5 54.9



39

3.8:1, again favour-ing males. However, this ratio varied

throughout the season (fig. 3.6).

The longevity and reproductive capacity of adul-ts are

dependent on the availability of sugar to feed on. In the

laboratory, the longevity of adults was extended when given a

diet of 10% sucrose solution (Table 3.12). Females generally

Iived longer than males rvith or without sttcl:ose.

At emergence the abdominal cavity of a female is fitled

with mature (chorionated) and immature ova in various stages of

development. Each female has 8 ovarioles. There is a sharp

demarcati.on of mature and immature ova within each ovariole. The

mature ova are recognizable by their pale green colour and are

much harder than the immature ova which are buff-coloured.

Fourteen newly-emerged females were d.issected. and the number

of mature and immature ova counted to get an estimate of the

potential fecundity. Immature ova were counted as far up the

ovariole as individual ones could be discerned at 50 t-imes

magnification. The results are summarised in Table 3.13. The

potenE,ial fecundity as represented by the total number of ova

is probably a slight underestimate.

Vùhen fed on 10% sucrose solution, the mean (t S.E.) number of

eggs laid per femalê v¡as 1021 t 58' (range = 838-1148, n=6).

A proportion (L-2Oe") of eggs were infertile but infertile eggs were

rarely (<o.tz) found in the foredt- The first batch of eggs laid

was always the bíggest and constituted 57-7Lz of the total number

of eggs. Subsequent batches were laid at infrequent intervals

al-most up to the time of death.



Fig. 3.6 f,ight trap catches at Noolook in 1977 and

resultant sex ratio.
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Table 3.12
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Longevity (in days) of adult moths at L5"C

when supplied with IOs" sucrose solution, water

or neither.

Sucrose solution Water No sucrose or water

& gð I { g

n

x

Range

s.E.

58

14;2

1. 03

35 33

L6.6 7.O

1.43 0.37

3 7-L

0.66 0.31

4227

11

25

4-38 5-35 4-L2 6-19 2-L2

10.8

2-L9

0. 82
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Table 3 .l-3 Number of mature and immature ova in

newl.y-emerged female moths (n=14).

Mature
ova

lmmature
ova

Total
ova

e" Immatrrre
ova

Mean

S.E

Range

580 .1

3r .0

3L6-743

665.2

59.7

466-I26L

1245.4

7 4.3

828-1794

42.9

8.7

43.4-70.3



42

The potential fecundity of a female moth is p::obably

realised in nature. out of 29 light-tr:apped females, 19 had less

than 20 mature and immature ova each. V'Ihen deprived of sucrose,

females were able to mate and lay eggs at the same rate as those

which had access to sucrose; but the egg-laying activity ceased

after a few days although these females continued to live for

some time. At death such females were found to retain large

numbers of mature and immature ova. These data suggest that

moths in the field do have access to sugar, but the source is

not knowlr.

In the laboratory. unmated females may lay a few small

batches of eggs, but the majority died without laying any. For

this reason the presence of unmated females may not be detected

in the field. Furthermore, the eggs laid detached readily from

the substrate : in the field such eggs would not remain on the

needles for long.

3.6 Seasonal occurrence

C. paehymela has a univoltine tife clzcle and the times of

occurrence of the different stages during the year were similar

in the 3 generations stuCied at Noolook (fig. 3.7).

Pupae can be found in the forest from late November until

about early Augrust. Adult emergence commences ín early June

and moths can be observed until about mj-d-August. Egg-laying

activity follows adult activity closely but because eggs take

some 2 months to hatch, unhatched eggs can be found in the field

untit late September or early October. First-instar l-arvae emerge

in early to mid-August. The larval period extends to late



Fig. 3.7 Seascnal occurrence of ChLenías paehymeLa

at lrloolook.
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Deceml¡er. Pupation begins in tl^ e laÈter part of Novenrlcer and

is completed by mid-January" fn seasonal terms, pupae are in

the ground during surtrner and autumn. Adult activíty takes

place ín winter. The larval period begins in late winter and

ends in early sunìmer.



I
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CHAPTER 4

DIAPAUSE

4.I Introduction

The phenology of many insects is regulated by the

phenomenon known as diapause. lt is well known that diapause

in insects serve's to synchronise activity with favourable

weather a¡rd seasonally available biotic resources such as food,

mates, oviposition sites, and periods free from natural enemies.

When in diapause, the insect is at that stage of its life when

it is most able to survive unfavourable weather.

The habitat of ChLení'as paehAmela. has a Mediterranean climate

characterised by hot dry summers and cool wet winters. The long

suruner greatly stresses many organisms through the high temperatures,

general lack of moisture and associated shortages of food.

The pine looper has responded to these stresses by evolving the

habit of spending about half of each year, Iargely during sunìmer

and autumn, in diapause in the litter and soil beneath its host

trees" The adults emerge in mid-winter to mate and the females

to lay their eggs. The larvae hatch in spring when new vegetative

growth, vital to survival of the first-instar, is abundant.

Pupation begins in late spring when temperatures start to rise

and is completed by early summer. The insect is therefore in

synchrony with its environment. In a radiata pine plantation,

however, this díapause does not ensure maximum survival of

tJ:e population (see Chapters 5 and 8).

"Pupal" diapause has previously been studied in Cianrpa

az"Letaria Guen. (Monro, L972) which is closely related to
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ChLenías paehymeLa and is also univol-tine with an obligate

diapause lasting through the summer months. From the results

of his investigations, Monro concluded that this species has

a t'terminal" diapause, i.e. diapause occurs when morphogenesis

is almost completed. This diapause was apparently eliminated

during low temperatures such as are found in autumn. Monro

further found that moisture had no influence on diapause

terminatíon. From some initial studies upon ChLenias pachAmeLa,

he indicated that diapause in this species was similar to that

in Ciønpa.

I"Iy preliminary experiments wj-L]rr ChLenias showed that

diapause development is a temperature-dependent process. The

present series of experiments was therefore devoted to examining

the influence of temperature on diapause.

A number of experiments were done before the mechanism

underlying diapause in this insect became apparent. For the sake

of brevity and clarity, only those experiments which illustrate

the mechanism are reported here.

In the following sections the words "high" and "low" when

referring to temperature are used ln a relative sense. Temperatures

of. 25oC and. above are "high" and 20"C and belovr are "Iovl". The

terms "morphogenesis" and "diapause development" are used in

the sense defined by Andrewartha (1952) and the terns "pupa"

and "pharate adult" as defined by Hinton (1973).

I
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4.2 A prel.iminary model of the diapause processes

A preliminary model to describe the processes in the pupa

Ieading up to adult emergence was based on the following

observations and results from preliminary experiments :

I. !ùhen newly formed pupae were placed at constant temperatures

of 11, L3, 15, 2Or 25 and 30oC, adults eventually emerged

at the lower temperatures but not at 25o and 30"C.

2. Weekly dissections of pupae kept at 25"C showed that some
I

morphogenesis ensued from the time of pupation and continued

until the pharate adult stage was reached. This latter stage

resembled the imago exÈernally in every v¡ay except that the

scales orr the body and the wings were not pigmented. This

stage was reached in about. 5-6 weeks aE 25"C¡ no further

change occurred for as long as the ínsect was kept at this

temperature. The pharate adult is therefore the diapausing

stage in this species.

3. Dissections also showed that development of the pupa and the

pharate adult up to the time when it went into diapause,

progressed faster at high temperatures than low-

From these preliminary observations, the following tentative model- of

tl:e successive processes ín the diapause stage $tas suggested :

1. Development and apolysis of the pupa. This process has a

high temperature optimum (25-30"C) .

2. l4orphogenesis of the pre-diapause pharate aduIt.

This process has a high temperature opÈimum (25-30'C).

3. Diapause development in the pharate adult. The optimum

temperature has yet to be deter¡nined.
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Morphogenesis of the post-diapause pharate adult.

The optimum Lemperature has yet to be determined.

4.3 Experiment I Pupae exposed. to high temperaLures for

varyfnq per iods and then kept at 13"C tifl adult

emergence.

The test animals were reared in ttre laboratory using the

method described in Section 2.I. Pupation took p1-ace over a

period of 20 days and the experiment was started on the day on

which enough pupae had formed.

Groups of 20 pupae were first exposed to a high temperature

of either 25 or 3O"C for varying lengths of time of 2, 4,8 or

16 weeks and then tra¡rsferred to 13"C till adult emergence. A

control grcup was also kept at 13"C continuously.

The results given in rable 4.1 show that increasing tJ:e

length of the initial exposure to high temperatures had the

effect of reducing the time spent at 13oC. For ttre pupae

initially exposed to 25oC there was a linear regressi.on of the

mean rate, of development at 13oC on the length of initial

exposure at 25oC (l'ig. 4.L). From this it may be inferred t.h¡at

diapause development was favoured by a high temperature.

When pupae \^¡ere exposed. to only 2 weeks at 30oC, the

nuniber of adults emerging and the mea¡r duration at l3"C were

comparable to those at 25oc. A t-test showed no significant

difference between the mea¡s at P=0.05. However, when the

initial exposure at 30oC was longer than 2 weeks there was a

progressive decrease in the percentage of successful emergence

as the length of exposure was increased, suggesting that tt¡ere

\^7as a deleterious effect on pupae. An adverse effect was also



Ta-l¡le 4. 1

4g

Diapause Experiment I : The percentage emergence, the

mean nu¡nber of days to emergence at 13oC, and the

total number of days to emergence of pupae exposed to

high temperatures for varying periods and tlren kept

at 13oC. Initial number of pupae per treatment

was 20

Initial treatment
emergence

No. of days
to

emergence at
13 OC::

; t s.o.

Total no. of
d.ays to

emergence
Temperature

( "c)
Period
(weeks)

13 continuous

25

30

94

100

22I.7 + 34"3

163.1 1 35.3

153.8 t 36"1

IL2-9 1 3r" 5

71.2 ! L2.O

165.2 ! 32.5

133.1 r 23.3

96.7 ! LB-A

68.8 t 1I.0

22I.7

T77.L

181. B

168-9

183.2

I79.2

16r. I

L52.7

180.8

2

4

I

94

89

100

100

65

55

40

16

I6

2

4

I



Fig. 4.I Diapause Ëxperiment 1 : Estimated linear

relationship between mean rate of pupal development

at l3oC ald period of initial exposure to 25"C.
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observed in adutt females that emerged from pupae exposed to

3OoC for 4 weelis or longer. Many of these femafes were

adjudged to be abnormal because : (1) tJrey contained a large

amount of fat body within tJre abdomen, and. (2) they had very

few ova, especíally matuïe ones. In a normal adult female the

fat body was scattered amongst the organst and ovariol-es \^/ere

packed with ova¡ whereas in an abnormal one the fat body

dominated the abdominal cavity to the extent that tJ:e ovary

was hidden by it and there were frequent gaps between the ova

of each ovariole"

Thus it may be concluded tJ.at 25oC is approximately the

optirnum constant high temperature for diapause development.

Higher temperatures are tolerated and v¡il1 even al1ow diapause

development but prolonged exposures to such temperatures seem

to be harmful.

Since high temperatures eliminate diapause but did not

pernuit adulÈ emelgence, post-diapause morphogenesis must therefore

occur at low temperatures. Post-diapause morphogenesis is

investigated in Experiment 3 (Section 4-5).

4.4. ExperimenE2:Pupaeexpos ed to 25oc for 36 wee]<s and

t].en kept at l3"C ti 11 adult emersence

when the preceding experiment \^ras being desígned, 16 weeks

was considered tl:e maxímum period of exposure to constant high

temperatures as in nature such a period of high temperatures would'

be un1ike1y. Despite these natural conditions, the data indicate

that diapause development may ccntinue if the length of exposure

to 25oC was extended beyond 16 weeks. The following experiment

r.¡as conducted to test the hypothesis that diapause development
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would continue even vühen pupae were exposed to 25"C for 36 weeks.

Pupae (n=18) were kept at 25oC from the time of pupation

(between 26 September and 9 October 1978) until 13 June 1979 when

they were transferred to 13oC.

The time to adult emergence at l3oC was 38.8 t 1.0 days

(i t s.n.) for 10 pupae. The adult females when dissected, showed

abnormalities similar to those found in heat-stressed females

described in the preceding section. Exarn-ination of the remainirrg

8 pupae showed that they were apparently healthy; and the pharate

adult within was tnoist and the tlssues fresh; its development had

passed the diapause stage an<f scale pigmentation was obvious but

not complete. However, when such pupae were mechanically

disturbed, they faited to respond, as do normal pupae' by slow

but perceptible rnovements of the-ì-r abdomens.

The results suggest that diapause development can be induced

to progress to a point where adult emeÏgence will take place in

a fairly short time after being returned to 13oC- But the

conditions under which this was brought about was highly artificial

and hacl adverse effects on some if not all of the test animals.

In other word,s, it is not possible to reach ttre theoretical limit

of diapause development without subjecting the pupae to great

stress. Some indication of this limit may have been obtained by

reducing the exposure period at 25"C Eo 20 or 24 weeks.

In nature it is probable that 1ow temperatures supervene

before the end of diapause development and diapause development

is completed at these temperatures-
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4.5 Experiment 3 Pup ae inj-tial-ly expose-:d to 25oC and then

kef¡t at various low tempe ratures t-ill adult emercrence

Pupae were colfected from Noolook on 27 March 1.978 and placed

aL 25oC on the following day. After 40 days at 25"C, the pupae

were dividecl into groups of 20 and each group was trartsfer:red to

one of the foll-owing low'temperatures i 7, 11, 13, 15 and 2OoC.

A control group was not exposed. Lo 25oC at aII but was kept at

13oC continuously.

The date (7 May) when the pupae were taken out of 25oC a¡d

transferred to ttre fow temperatures coincided with a time of

falling temperatures in the field (see Append.ix l), it bei-ng

late autumn. Thus the pupae, when tra¡rsferred to the low

temperatures were probably very near the end of diapause developmeut.

A comparison of the mea¡¡ tíme to adult emergence at the various

low temperatures should therefore indicate the optimun temperature

for post-diapause morphogenesis.

The results are summarised in Ta-ble 4.2. The number of

successful emergences in all treatments, except when pupae were

incubated at 20oC, were si¡n-ilar. Disregarding the "control"

at I3oC, tl-e mean time to adult emergence declined from 7oC

to 13oC and then increased to be maximal at 20oC. The mean

time to adult emergence at L3"C was shorter when the pupae were

previously exposed to 25oC than when they were not (control).

DJ,sregarding the control treatment again, the trend in the values

of the standard deviation follows that c¡bserved for the means.

Díapause development was not completed when the pupae were

brought in from the field. This is suggested by the shorter time

at 13oC after an initial exposure to 25"C for 40 days compared with

the control. If it can be assumed that diapause development
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Tabte 4.2 Diapause Experiment 3 : The percentage emergence and

the time required at 13oC until adult emergence for

pupae cóllected from fie1d. on 27 March L978' exposed

to 25oC lor 40 days, and kept at various 1ow

temperaturestill adult emergence. Initial number of

pupae per treatment $Ias 20.

I

i
I

I

1

I

Control
(13oC direct)

Lc'w temperatrrres ( "C)

7 11 13 15 20

90

a2.3

16.3

90 95 90 95 75

96.9 7L.7 6r.7 7A.7 106. 5

r3.8 L3.2 8.7 9.5 42.5

À
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was completed after the initial treatment at 25oC, then the

results suggest that the rate of post-diapause morphogenesis was

optimal at about 13"C.

It has been shown in section 4.4 t].at the mean time at 130c

could be as low as 39 days if the exposure to 25oC was long enough.

Assuming thrat diapause development was not completed when the

pupae \^/ere taken out of. 25"c in the Preselìt exper-iment, theu

the time spent at, tàe low temperatures included time for diapause

development as well as post-diapause morphogenesis. If this was

indeed so, then post-diapause morphogenesis v¡as fastest at a

temperature of l3oc or lower. Temperatures of 15"c and above

may be ruted out as being favourable temperatures because d.iapause

development is optimised by high temperatures and yet the durations

of t].e diapause period at 15 and 20oC \ryere longer that at 13oC.

4.6 Discussion

Diapause in C. pachAneLa is more conveniently discussed by

dividing the "pupaI" stage into the pupa and pharate adult stages.

The pharate adult stage itself may be divided into the following

phases with respect to diapause : pre-diapause' diapause and post-

diapause stages.

It is generally understood that in those Lepidoptera with

a pupal diapause, diapause development comprises the period from

the formation of the pupa to the time when the pupa is competent

to initiate pharate adult development (Bodnaryk, L977) . chLeni,as

pachymeLa is an exc.eptio4 to this rule- As soon as pupation

occurs, noryhogenesis proceeds in the pupa and continues in the

pharate adult up to a point which is reached when the external



54

features of the pharate aclult resembles tJre imago except that

wing and. body scales are not pigmented" l4oryhogenesis in

the pupal stage and pre-d.iapause pharate adult is optimum

at temperatures of about 25-309C.

No further change in Ure external features of tlre pharate

adult is evident when further exposed to 25oC. Instead, the

animal proceeds with diapause d.evelopment at ttris temperature a¡rd

after an adequate period of exposure to 25oCr morphogenesis

resumes when the pupa is exposed to low temperatures. Post-diapause

morphogenesis is optimal at l3"C or lower.

Tl:e temperature range for diapause development usually overJ-aps

that for post-diapause morphogenesís. But post-diapause morpho-

genesis does not occur at temperatures of 25"C and above. In many

insects, diapause is terminated during exposure to temperatures

that are too low to perrnit moryhogenesis (Lees, 1956). C" pacVLgmeLa

is unusual in that the reverse is true, i.e. diapause is terminated

during exposure to temperatures that are too high to permit

post-diapaus e morphogenesis .

However, tt¡is is not the only specíes which requires relatively

high temperatures to terminate diapause. The highest optimum

temperature for diapause development is recorded for HaLotydeus

destruetor" (Tucker) at about 50oC but ranged up to 70oC (wallace,

I97Oa). Like C. pachgmeLa this species of mite lives in regions

witJ: a Mediterranean type of climate : post-diapause development

ís favoured by relatively low temperatures of 5-2O.5"C with the

optirnum at about lgoC (Wallace, I97Ob). Other species in which

diapause development proceeds under relatively high temperatures

include = Acheta cotnnodus (vüalk.) with temperatures as high as

29.4"c (Hogan, 1960) i Sæcotpha.ga argAvostoma(R.Ð.) and,9. buLLata
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Parker with temperatures as high as 29"C (Irraenì<el and IJsiao'

196B)¡Diaty,aengran.dicsseLLaDyarrvith23_30"C(Chippenclaleand

Reddy, I9?3) ¡ E|chestia eLuteLLaGlv.) with 25_30"c (BeIl , L916) i

Locustana pat:d.aLina(walk.) with 35"c (l"latthee, Ì951) ¡ Aedes

atropaLpus (Coq.) vrith 3O"C (xalPage and Rrust, 1974) i Chrysopa

ca1nea. Stephens witi'r 24oC (Tauber a:rd Tauber, 1973) ; SmintVwtus

oírLd"is (L.)with 3ooc (waf l'ace, 1968) '

Diapause in C' pachymeLa is an elegant adaptation to the

environment in which the insect lives' By being in diapause

the pupa escapes the rigours of a South Australian suruner' At

thesametimedevelopmentoft}reorganismwithinthepupal

cuticleisfavouredbyt}rehightemperatures.Theani¡nalisnot

only brought to an advanced stage of development by such

temperatures but diapause development is also favoured' By the

end of tlte summer, the pharate adult is about ready to complete

its final stage of development when temperatures start to fall'

Since post-diapause morphogenesis is optimal at about l3"C or

Iov¡er, the adult is prevented from emerging during an

unfavourable tjme of the year, i.e. in summer or autrmn- I^lith

the approach of winter, post-diapaúse morphogenesis is accelerated

so tJ-at by mid-winter the adults are ready to emerge'

There is an alternative model- to the one discussed above.

This second model appears improbable because it does not resemble that

of any species of insects studied so far. Nevertheless, the

model fits the results of the experiments reported in sections

4.3 and 4.5, and, because it does, its furtÌ¡er testing by suitable

experimentation may be of considerable importance to our
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furthe:: undersLanding of diapause. The model

proposes the same 4 pr:ocesses as in the first model. (Section 4.2),

but íL also includes the postulates : (1) diapause deveJ-opment

in the pharate adul't proceeds as rapiclly at I3oC as at 25"C, and

(2) morphogenesís of the post-diapause pharate adult proceecls

rapidly at l-3oC but very slorvly, if at all, at 25oC. As a coroltary

of (I) and (2), diapause devel-opment and morphogenesis of the post-

diapause pharate adult may proceed simultaneously at 13oC but the

2 processes cannot proceed simultaneously at 25"C. The fit of

this model may be justified as follows 2 ,

(a) Adul-ts did not emerge from the pupae when the pupae were kept

' continuously at 25oc (preliminary experiment) but they did

emerge when the pupae were either kept at 13"C continu.ously

or were given 2-16 rveeks at 25"C and then placed at 13"C.

So process 4 (post-diapause development) required an

exposure to 13oc or some similar low temperature- The

data of Experiment 3 indicate that 13oc was indeed near the

optimum for the completion of process 4 and that - if

postulate (2) is true - the process required about 9

weeks at 13"C (6L.7 days in Table 4.2) for completion.

(b) From Experiment l, two important inferences may be made.

First1y,. the total number of days to emergence at each of the

25oC treatments r^ras remarkably similar, and ranged from 168.9-

' 183.2 days (i=177.8) (see Table 4.I). Since the insects required

221-7 days at I3oC continuously, we may ínfer that a¡¡ initial

exposure to 25oC of anything between 2 a¡rd 16 weeks reduced

the time subsequently required at 13"C by about 6 weeks (j-.e.

" 22L.7-I77.8 = 43.9 days). This reduction can only be due to tÌ¡e

rapid completion of processes I and 2 aE 25oC.
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Seconclly an inference about the rate of completion of

d,iapause development can ]¡e made by making comparisons of any

pair of treatrnents that were initial,Iy at 25oc and. were then

moved to I3oC. Thus if we compare (i) 2 weeks at 25"C and

(ii) 4 weeks aE 25"c, treatment (ii) can be written as :

2 weeks at 25oC + 2 weeks at 25"C, and then kept at I3oC-

Treatment (i) can be written as : 2 weeks at 25oC + 2 weeks

at 13oC, and then kept at 13"C. And the 163"1 days at 13"C

required for emergence in treatment (i) can be written as :

2 weeks at 13oC + a¡tother 163.I-14 days = L49-L days.

So, in treatrnent ( i) :

2 weeks at 25oC + 2 weeks at 25oC required another 153.8 days

at 13oC

but, in treatment (ii):

2 weeks at 25"c * 2 weeks at 13oC required another 163.I-14 =

!49.I days at 13oc.

Since the first 2 weeks of each treatmentwere identical, t}e

effects of the second 2 weeks can be compared. Seemingly, the

second 2 weeks at 25oC was "equivalent" to 2 weeks at 13oC.

Simitarly, a comparison may thus be made beÈween (i) 16 weeks

at 25"C and (ii) 2 weeks at 25"C :

In (i) :

2 weeks at 25"C + 14 weeks at 25oC required another 7L.2 d'ays

at 13"c

but, in (ii) i

2 weeks at 25oC + 14 weeks at 13oC required another 163.1-98

= 65.1 days at 13oC.
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Seemi-ngJ-y again, the t4 weeks at 25"C was "equivaleut" to the

14 weeks at l3oC, From these and other comparisons we may infer

postul.ate (1), namely diapause developrnent (process 3) proceeded

at the same rate at 13"C as it did at 25oC. hle tnay also infer that

processes 1 and 2 require 2 weeks at 25"C.

(c) It may now be noticed that the pupae require 22L.7 days (about 32

weeks) at 13"C for processes I+2+3+4. But processes l+2 required

about 7 weeks at t3"C and process 4 (post-diapause moryhogenesis)

required. 9 weeks at f3"C (see (a) ); so process 3 (diapause development)

required 16 weeks at either 25"C ot I3oC.

(d) In Experiment 3, the pupae maintained at l3oC required 82.3 days

(about 12 weeks) to emerge. so the experiment must have been

started when the insects had about another 3 weeks of diapause

development to complete. This amount of remaining diapause

d.evelopment, along with postulate (2), exp.laj-ns, as follows, the

difference in the sta¡dard deviaÈions of the 2 treatments, namely

(i) at 25"C for 40 days arrd then to 13"C and

(ii¡ at 13oC continuously.

The insect at (i) had, on average, another 3 weeks of d.iapause

development Èo compleEe but they r.t. .*po=.d, instead, to another

40 days at 25"C. They would aI1, therefore, have completed their

diapause development during these 40 days. But many wou1d. have

completed, it after 3-5 weeks and been unable - by postulate (2)

to start any post-diapause development. There would., therefore,

have been an accumulation of those that hacl completed diapause

development but could not develop any further. !,Ihen they were

all then -placed at 13oC, they completed their post-diapause

development with a smaller range in the emergence date than was
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expected (and observed) in those kept continuous-ly at 13"C. In

this latter group, those that completed diapause development first

cotrl-d proceed at once with post-diapause development so that

the populationrs genetic varj-al¡ility of duration of development

was not reduced.

The same accumulation of pupae which had completed diapause

development during tJ:e 40 days at 25"c also explains why, in

Experiment 3, the total- time to emergence at 40 days at 25"C

before being transferred to l-3oC was longer than at I3oC continuously

- unlike the treatments at. 25"C in Experiment I in which the longest

exposure at 25"C was, fortuitously, about that required for the

completion of diapause development.

OnIy further experimentation can determine which of tÌ¡e 2

models of diapause presented here better describes the total

process.
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CF]APTER 5

TROPHIC RELATIONS

5.1 Introduction

There have been various attempts to classify the components

of environment in animal eco1o9-y (e.g. Andrewartha and Birch,

1954¡ erowning, L962¡ Maelzei:, L965¡ Andrewartha, 1970).

"Resources" is one of the components which has gained general

acceptance, although what can be regard'ecl as a resource is

debatable (see for example, Andrewartha and Browning, 1961;

Mae1zer, 1965). There is, however, one resource which is

recognised. as important and universal to all animals -' and this

is food.

The degree of the irnportance of food is debatable, however.

Nicholson (1933, 1954) and., to a certain extent, Uvarov (1931),

both of whom have made extensive studies of the importance of

food, have recognised that it is not uncommon for food to be

critical for a population. Various other studies have demonstrated

that food can indeed be a limitinE resource bringing about the

decline of insect populations (Morris, 1963¡ Readshaw, 1965;

Dempster, f968).

On the other hand there are many who hold the view that the

numbers of phytophagous insects are rarely limited by a shortage

of their plant food (Thompson, L956¡ Inms' 1937¡ Milne, L957¡

Pimentel, 1963). The consensus of opinion can be sununarised by

Wilsonrs (1968) conclusion t]1at "Food is the ultimate sanction

against population increase, but in the general opínion it is

seldom invoked".
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While the imporÈance of food quantity has been the subject

of much debate, the question of food quality has not been given

its due attention in insect ecology (Iluffal<er, L957 i House, I965b,

1969¡ Kimmíns, l-971).

Before proceeding further it is useful to define the term

"nutritional requirements" : in its broadest sense it includes

the biochemical- adequacy of the diet and all the conditions and

factors necessary for successful feeding (Beck' 1956). House

(1959) proposed that the term be restricted to the chemical factors

essential to the adequacy of the diet. He further proposed that

the term "chemical feeding requirements" should lce restricted to

the chemical factors important to normal- feeding behaviour and the

term "physical feedíng requirements" should be restricted to the

requirements in dietary texture, position, light intensities, and

other physical factors that influence feeding behaviour. The

fotlowing discussion is concerned with the "nutritional

requirements" of insects as defined by House.

The subject of insect nutrition has been reviewed many times,

more recently by House (I965a) and Dadd (1970, L973). rt will

suffice here to state that ínsects not only require adequate

quarìtities of the essential nutrients but also a propel balance

of those nutríents in their food (Gordon, L959¡ House, 1965b,

1969) .

Deficiencies of food quality may produce one or more of

the followjng effects in insects i

1. Reduced fecundity (Beckwith, L97O, 1976¡ Bailey, L9l6¡

Maison et al., L977¡ Hough and Pimentel, L978¡ Webb and Moran,

I97A¡ Wallner and. Walton, L979).



62

2. Decreased rate of grovrth ancl developrnernt (Andrewartha and

Birch, 1954¡ Barbosa and Capinera, L977¡ V'lebb and Moran,

1978) .

3. Increased mortality (Beckwith , L9'1O; Bailey , 1976¡ Barbosa

and Capinera, l-971¡ Hough and Pimente-l-, l-978¡ Wallner and

lrlalton, L979)

4. small_er síze and/or weight (Becl<r¿ith, L97oi Barbosa and

Capinera, L977; Iìough and Pimentel, 1978) .

5. Occurrence of nutritional diseases (House, I961b, 1963).

6" Greater susceptibiliLy to pathogens (Watanabe, I97Li David

et aI. , 1972i Schmid., 1974¡ Tananda, L976¡ oavid and Taylor,

L977) .

7. Greater tendency to migrate or disperse (I'inde, L97L¡

Capinera and Barbosa, 1976).

8. Lower tolerance to insecticides (Bass and Rawson, 1960;

Gordon, 1961; Gaines and Mistric, 1960) -

g. Increased number of moults (Wigglesworth, L972¡ Leonard,

1970a,b; Beck, l-950).

The above classification is arbitrary and some of the effects

are interrelated,. For example, fecundity is often a function of

body weíght (Miller, 1957¡ Jacobson and Blakeley, 1958; Dtooz,

1965; Jennings, 1974¡ Hough and Pimentel, f978) t and a greater

susceptibility to pathogens can lead to a lower survival rate.

The adverse effects mentioned are manifested sooner or later

during t}re life of the insect. In addition there is some evidence

that maternal food quality can have a carla¡-over effect on the

progeny. Among tJ:e reported effects of tl. is kind are : a lower

viability of eggs and difficulty of t]-e first-instar larvae to

become established on their food (Morris , 1967); reduced vagility
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of- young larvae (Capinera aud Barbosa, 1976¡ Barbosa and Capinera,

lgTl); lower fecundity ii-:. the filial generatjon (Mason et aI. r

L977) .

Deficiencies in foocl quality can 'blerefore have a conside¡la-bl-e

influence on the ultirLate lll.mber of surv-ivors in a population.

However, care must be exercised in ati;ribu.ting mortality to tÌle

food-related effects menl-ioned. These deleterious effects may

not Jre wi-despreacl and be peculiar only to the species of insect

concerned. Moreover, the relatioyrship between poor food quality

and observed adverse effects may not always be causal since

feeding behaviour:, the presence of toxic substances and other

factors may be implicated (House' 1961a) -

Fraenkel (1953) expressed tlte view that green leaves are

excelfent sources of all the food materials which insects reguire

and that secondary plant substances determine the specificity of

a food plant. on the contrary, Gordon (1961) and Schoonhoven

(1969) are of the opinion that host plants are often nutritionally

sub-optimal.

shortage of protein oï amíno acids in the food plant appears

to be a primary dietary problem arnongst phytophagous insects-

Eennah (1960) stated that ttre overriding factor in the nutrition

of sucking phytophagous insects is normally the speed at which

soluble nitrogenous compounds ca¡r be obtained and assimilated.

Southwood (1973) pointed out that although successful synthetic

diets normally contain from 25-40% dry weight of protein, many

plant tissues are around the lower limit. Vühite (L974) postulated

that tl.e numbers of phytophagous insects usually remain low

because of a high mortality resulting from a relatíve shortage of

nitrogenous food; on the occasions when the food plants become
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an adequate source of nitr:ogen, out-lcre¿il-'s occur"

5.I.7 Pollen as a food for insects

Manyinsectsotherthanbeesfeeclon'pollen.Amongthese

insec'bs are grasshoppers (Grinfeld , L957), thrj-ps (Andrewartha,

Ig35; Grinfeld, 1959), dipterans (schneideri L948, L969¡ Do\^¡nes,

Ig55; Barlow, L96L¡ Tsiropoulos, 1911), anthocorids (carayon and

Steffan, f959), íchneumonids (Leius, Ig6L, 1963), beetles (Li and

Larson, 1949¡ Pielou, 1950; Smith, 1961-; Hagen, 1962), collembofans

(scott and stojanovich , Lg63), chrysopids (shetdon and MacLeod,

I9TI), butterflies (Gilbert, L912) and moths (Jaynes and speers,

LgLg, Ebel, 1965; Rogers, L978).

Pollen is rich in protein and amino acids (titus, L939¡ Vivino

and palmer, Lg44) i and, indeed all the essential amino acicls are

present in pollen (Sta¡Iey and Linskens, L974). Inclusion of

pollen in the diet of these insects confers various beneficial

effects such as increased longevity and fecundity; but the

constituents of pollen primarily responsible for these effects

are not known.

The role of pollen in the population dynamics of the spruce

budworm, Choy"Lstoneu?A. fum¿fez,ana CIem., has received much

attention. Pollen is known to be the preferred food of young

larvae of tl1is tortricid (l{orris, 1951), and tlre occurrence of

flowering balsam fir trees are correlated with outbreaks.

However, the inclusion of pollen in the larval diet does not

increase survival or fecundity (Jaynes and Speers, 1949¡ Blais,

Lg52¡ Greenbank, 1963); and alttough larval development is

enhanced when larvae feed on staminate flowers (Blais, L952¡

Greenbank , Lg63), tl.is effect is due to tl.e \^talmer microclimate
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present in stamina'te flowers as compared with vegetative buds

or needles (I{ellington, 1950) "

5 .L.2 PoIIen as a food for ChLenias paclutneLa

Like other species of pinc, the protein level of P. raÅíata

pollen is ].ow compared with that found in the pollens of other

plant species (see Table in Spector, 1956). Indeed where pine

pollens have been cornpared with other pollens in feeding tríals

with insects, the former were found Èo be nutritionally inferior

(Leius, L963; Tsiropoulos, L917). But compared with other plant

tissues on a fresh weight basis, pollen of P" radíata can be

considered to be relativety rich in proteín (see Table in

Soutttwoocl , L973) .

No data appears to be available for the protein content in

the foliage of P. radiata. The total nitrogen level, however,

has been determined : tlte highest total nitrogen value of 1.38%

of air dry weight \¡as obtained for needles less than a year old

sampled in New Zealand ín December (WilI, L957). By multiplying

tlris value by a factor of. 6.25, a rough estimate of the crude

protein content is derived (V'fhite et al. , 1973). This calculation

gives arr overestimation because total nitrogen includes nonprotein

as well as protein nitrogen (Vlhite et al., L973). Even assuming

that totat nitrogen equals protein nitrogen, the maximum crude

protein content in P. Tadiata needles as calculated. from tt¡e

figure of 1.38 given by WilI (1957) is only 8.63e" of dry weight.

In comparison, pollen of P. tadíata has a crude protein content

df 13 .4e" of fresh weight (Spector, 1956) which \ÁIorks out to be

l-5.1% of dry weight. Therefore P. radi.atd, pollen is considerably

richer in protein than the needles.
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First-instar larvae of Chlení.as pachymeLa \â/ere seen feeding

on the mature male strobili of P. radiata in the field. It was

also observed that mortality was high when young larvae were fed

washed vegetat-ive shoots in the laboratory. I suspected that the

a.bsence of pollen was the cause. The aim of the following

experiments was to investigate the influence of pollen as well

as other natural food sources on the survival and growth of the

early-instar larvae.

5.2 LaboratorY experiments

5.2.L Survival on 3 host species

Besides P. r,AdíatAl 2 other comrnon hosts of the pine looper

are the indigenous lfieLaLeuea Ø'rn¿LLayis Sm. and the introduced

cupressus macrocaïp4 Hartw. This experiment compared the survival

of neonate larvae (Iess E}ran 24 hours old) on tÌ¡e shoots of these

hosts. The v¡ord "shoot" is defined in Section l'2'

The shoots were freed of adhering pollen by washing. ,The

absence of pollen was ascertained by examining the shoots under

a dissecting microscope and repeating the washing if necessary.

The shoots were placed in a glass pomade jar (5 cm diameter'

g cm deep) together with 10 }arvae. Five such jars made up I

replicate, and.therewere 6 replicates for each food type. The

food was changed every other daY. The experiment was conducted

at 150c. After 7 days, t]- e number of survivors in each jar

was record,ed. The results are presented in Table 5'l'

An analysis of variance strowed that the treatments $rere

significantly different at P=0.01 (Appendix 5). Duncan's multiple

range test was used to demarcate significant differences. The

survival-rate of larvae was high when fed on shoots of either

MeLALetrcA or Cupressus, but clearly pine shooÈs were inferior to



Table 5.1

Host species

MeLaLeuea arniLLaris

Cupr e s ans îtclcvo e aYPa

Pínus raáí,ata

rhe burvivar of fírst instar larvae oî, ChLenías paehyneLa w]nen fed on shooÈs of 3 host

specíes. The initial number of larvae in each replicate was 50- Means followed by

the same 1etter are not significantly different at P=0.05 by Duncan's multiple range

test

ReplicaÈe No.

I II III IV v VI x

5050

642Al0

48

43

48

1I

49

45 47

I9

50 49.2a

45 -7a

LL.'7

40 50 49

Or
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those of the other hosts and the survival-r:ate of larvae were

low.

Between 1976 and 1978 shoots of P. radiata were abundant

when the young larvae were present in the field. such shoots

are consumed by larvae in the field, but as the experiment has

shown, they are a poor source of food that cause low survj-val of

larvae.

5.2.2 Survival on diets of p ine materials

The diets in this experiment were based on the parts of

P. rAdíatA that are available for consumption by young 1arvae

in the field. The diets were as follows :

I. Mature foliage

2. Mature foliage and, Pollen

3. Shoots

4. Shoots and Po1len

5. Mature male strobili

The terms "mature fOliage", "shOOtS" and "male StrObili" are

defined in Section 1.2. The plant materials were freed of pollen

as in the preceding experiment. Pollen was then added to the

material where reguired blz shaking both in a paper bag. PoIIen

was obtained from dehiscing male strobili collected from the field

and kept in a deep freeze at -15oC until used. the test animals,

tt¡e numbers used, and the conditions of rearing \^¡ere the same as

those in the preceding experíment.

The numbers of survivors on each diet are given in Table 5.2.

An analysis of variance showed. that treatments were significantly

different at P=0.01 (Appendix 6). Duncan's multiple range test

was used to demarcate significant d'ifferences.



Table 5.2

Diet

Mature

Mature

Shoots

Shoots

Mature

foliage

foliage

and pollen

male strobíli

The su:¡¡íval of fírst instar larvae when fed on various diets of pine materials'

The initial nu¡nber of lan¡ae in each replicate was 50. Means followed by tlte same

letter are not significantly different at P=0.05 by Duncan's multiple range test'

Replicate No.

I II III TV v VI

O.2a

x

I

0

0

0

4

00

0

45

45

20

40

20

L9

33

11

24

22

0

0

0

0

to

0

6

30

29

0.0a

LL.7

32. 5b

31.5b

L7

40

39

Or
|.o
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The survival--rate rvas zero or near zero when larvae were fed

either mature foliage or matu-re foliage with pollen. The highest

survj-val-rates occurred on shoots with pollen and on mature male

strobili. The survivaf -rate upon pine shoots alone was l-o\'rer

than that of larvae fed on either shoots with pollen or mature male

strobili, but it was higher than that on mature needles either

with or without poIlen.

It may be inferred from these results that pine pollen

enhances the survival of first-instar larvae of C. pa'chAmeLa

provided that the larvae have access to shoots. The role of

this food source is probably suppiementary and the availability

of other suitable sources is essentiaf for high rates of survival.

5-2-3 Rate of growth on various d.j.ets

Neonate larvae were fed on one of the following diets :

I. M. avrniLLar"Ls shoots

2. C. macrocarpa shooEs

3. Pine shoots

4- Pine shoots and pollen

5. Pine male strobili

The rate of growth was determined b1z measuring the head

capsule width of. 20 larvae after 2 weeks on the diets. Other

details of this experiment were the same as those in Sections

5.2.L and 5.2.2-

The results are presented in table 5.3. The mean head

capsule widttrs $¡ere signíficantly different at P=O.01 (eppendix

7), and Duncan's multiple range test \,fas used to compare individual

treatnent means.

Since the head capsule width is a criterion of growth, the

growth of larvae was fastest when they were feð' Cupz'essus and



Tabte 5. 3

7T

The mean head capsule width of young larvae fed on

various diets fot 2 weeks. Data in Un; 20 head

capsules measured per treatment- Means followed

by the same letter are not sigrrificantly different

at P=0.05 by Duncants multiple range test'

I
I

x t S.E.Diet

MeLaLetrca avTníLLaris shoots

C'utpres sus tnøeroearqa shoots

Pine male strobili

Pine shoots and Pollen

Pine shoots

585.9

579.3

460. 5

438.6

380.4

5.7a

3.2a

22.4b

22.2b

L4.7

+

+

+

J

+

,-
I

l

/t...I -.À
I

l
I

I
I

I
I:'
!

!'
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Mel,ALeUca shoots, and it was slowest on pine shoots. Pine

shoots with pollen and pine male strobili gave intermed'iate

growth rates.

It can be concluded that the best of the P. Taå.iata diets

for larval grorvth was either píne shoots with pollen or pine

male strobili. but both of these were inferioll'o the shoots

of either M. arrníLLaa'is or C. ma.enocal'pa-

5.3 Field exper.i-ments on pine trees

Experiments rvere done to find out if the effects of various

pine cliets observed in the laborator" i.t" appli.cable to 1arvae

in the field. The treatments \^7ere :

I. Mature foliage

2. Mature foliage and Pollen

3. Shoots

4. Shoots and Pollen

5. Immature male strobili

6. Mature male' strobili

IÍunature male strobili was a new treatment not included in the

Iaboratory experiments because it \¿ras not available at the time.

To nr-inimise pollen contamination of certain treatments,

2 separate experiments were carried out at different times. The

first experiment was conducted, at a time when very few male

strobili had come into maturation, and the second just after

the peak of pollen-shed. Tþe treatment mature mal-e strobili

which was conmon to both experiments served as a standard-
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5. 3. I Fiel-d Ilxperiment I

The first exper:imerrt was set up on 2L JuIy 1978. Neonate

Iarvae were fed on one of the follovring diets 
'

1. Mature foli-age

2. Shoots

3. Imnature male strobili

4. Mature male strobili

The appropriate portion of a randolnly selectecl tree was caged

with 20 lai:vae. The cage was a sleeve of terylene voile braced

from within by a cylinder, 12 cm diameter and 20 cm long' made of

chicken mesh (FiS. 5.I) " There were 5 replicates per treatment.

The exper-iment was tel:minated, after 2 weeks and the number of

survívors recorded. AII larvae were stilt in the first instar

at the end of the exPeriment.

The results are given in TabLe 5.4. An analysis of variance

shcro'red significance at P=O.OI (AppendixB ) . Duncanrs multiple

range test was used to compare individual treatment means.

The lowest number of survivors was recorded when Iarvae

were fed on mature foli.age. Highest survival-rate occurred on

mature male strobili. There was no signifj.cant difference between
(\

the treatments shoots and immature male strobili; these diets lie

between :blne 2 extremes in t,rtari.ral value-

5 -3.2 Field Experiment II

The experiment was started on lg August 1978 and terminated

after 3 weeks. The larvae were fed on the following diets z

1. Mature foliage and Pol1en

2. Shoots and Pollen

3. Mature male strobili



Fig. 5.1 A field cage made of an inner cylinder of chicken

mesh enclosed by a sleeve of terylene voile.





Table 5.4

74

Survival of first-instar larvae of ChLeniq.s WchAmeLa,

in Field Experiment I (see text) . The initial nunrlcer

of larvae in each replicate was 20. Means followed by

the same letter are not signíficantly different at

P=0.05 by Duncan's multiple range test.

Diets

Replicate
No.

Shoots Immature male
strobili

Mature male
strobili

oI

II

IV T2

4

19

v

VI

VII

VIII

I

6

2

I

5

13IX

x

L2

4

4

3

4

2

9

6

o

0

11

o

0

0

I

o

0

2

o

o

o

3

2

8

I

5

9

3

9

III

I3

x 0.3 4.3a 5.2a 9.0

l

I

I

I
I

J

I

I
l
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fhe po1len in the first 2 treatments drifted there naturally - no

attempt was made to introduce additional pollen by hand. Other

detaíls of the experiment were the salne as those given in ¡'ield

Experiment I.

The results are given in Table 5.5. The t",reatment means

were found to be significantly different at P=0.01 (appendix 9) -

Duncanrs multiple range test \4Ias used to compare individual

treatment means.

The number of survivors on mature male strobili and on

shoots with pollen did not differ significantly. The lowest

survival-rate was on mature foliage with po1len'

This experiment lasted. a week longer than Field Experiment

I arrd permitted some larvae to undergo the first moult, thus

enabling a comparison of the rate of development of larvae on

.the different diets. The percentage second-instar larvae after

3 weeks were as follows :

Diet % second
instars

Mature male strobili

Shoots and pollen

Mature foliage & Pollen

44.O

45. 5

5 4 The role of Pollen in the popula tion dynami cs of C. La

The laboratory and field experiments have shown that pollen

may play an important role in influencing the survival and rate

of growth of C- paehymeLa, But this is so only when the pollen

is present either in mature male strobili or in association with

0

shoots.



Ta-ble 5.5 :

76

Survival of first-instar larvae of ChLeni-a's paehymeLa

in Field Experiment II (see text). The initial

number of larvae in each replicate was 20. Means

followed by the same letter are not significantly

different at P=0.05 by Duncanrs multiple range test-

Diet

Replicate
No.

Mature foliage
and pollen

Shoots and
pollen

Mature male
strobili

20

20

t6

18

I6

t2

I8

7

2

4

I

4

I

2

3

I

2

3

I

L7

II

III

t6IV

V

VT

VII

VIII

16

19

19

L2

I9

I9

19

t9

19

19

IX

x

x 2.3 1-5.6a 18.4a
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The pai:t of the young vegetative shoot-. that is fed upon by

the young larvae is the green stem tissue. Thj-s food is

available at t-he time of pollen-shed from t-he axes bearing the

male sporarngia as well as the eJ-ongating vegetative buds. It

is therefore reasonable to discuss the rofe of pollen as if it -is

the only food source determining the survival of the young larvae

Maxinum survival- of young larvae is ensured when the insect

and host phenologies are in perfect synchrony, i.e. peak egg

hatch occurs when mature male flowers of pine are most abundant.

It is therefore appropriate to examíne the insect and host

phenologties and see how th.ey relate to each other.

5.4.1 Host phenoloqy

In a S-year study at Mount Burr' the duration of pollen*shed

of P. radiata was found to be between 30 and 68 days with the

peak occurrirg about half-way through the period (Millett, L944) .

For survivat of the larvae of C. pachAmeLa the peak period of

pollen shed is more meaningful than the spread. During the peak

period, the wind-distributed pollen is likely to be present in the

larvars microhabitat in excess of its requilements. At Mount Burr

the peak period of pollen shed in August and its duration is

between 11 and 31 days (nietaing, L947). My observations indicate

that the bul-k of the pollen is also released during the month of

August at Noolook. This conclusion is corroborated by J. Chapman,

the Chief Forester at Noolook for the last decade.

Trees at Canberra were found to shed their pollen some 7

\^reeks later than at Mount Burr and the duration of pollen shed lasted

only about half as long (Mitlett, L944). It appears that the

variation in the time of flowering and the length of the flowering
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period is far greater lletween localities than between years in a

given locality. spurr (L964) concllrded, after examining

phenolclgical records of various tree species, that trees in

general tend to fl.ower on or about the same day in a given

climate more or less independently of the weather at that

particular time in a given year. Relative constancy in the time

of flowering suggests that photoperiod is involved but other

evidence indicates that pines, including P. radiata, aTe neutral

plants wit]. respect to photoperiod (Mirov, 1956; Mirov and

Stanley, 1959).

5.4.2. Insect pheno Ioqv

The phenology of adult emergence of. C. pachryeLq. at Noolook

was studied in 1971 a'ttð' 1978.

The nuuù¡er of adults ecloding into an emergence trap is

probabty the best indication of the ti.me and pattern of adult

emergence for any locality. Ideally, cages should be placed over

soil in which larvae have pupated naturally. T.o avoid possible

e.ffects of hand.ling the pupae or disturbing ttreir microhabitat.

It was not practicable to do this in 1977 because of the low

pupal density, and pupae had to be dug up from elsewhere in the

forest and placed under tlte emergence traps. Checks were made

on the suitability of this method of measuring emergence by using

2 other indicators of adult emergence - the number of adults caught

in a light trap and the nuñbeï of egg masses laid in a given

interval of time.

The method involving the use of emergence traps was as

follows. Thirty pupae were placed on the soil surface at a
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randomly selected site; the pupae were covered witir 2 cm of soiL

ancl then by a layer of forest litter. A cage of 24 cm square and

34 cm height was placed over the pupae. There were 4 replicates.

The cages weïe exalnined at weekly intervals and the nunìber of

adults counted. and removed.

A weekly count of egg masses was obtained by walking along

the northern and southern margilts of Comparl-ment 68 of the study

area at Noolook and keeping a tally of recently laid egg masses

found up to a height of 2-4 m. Recently laicl eggs are easily

necognisable by their pearly-green colour in contrast to the

bronze colouration of eggs that have been laicl for some ti¡ne.

The materials and method for light trapping have been

described in Section 2.3.

The results of the 3 methods are given in Fí9. 5-2- The

trend in the nuÍìlcer of adults emerging within the cages approximated

that of the number of egg nìasses found. fhis is not surprising

considering that egg-Iaying in the laboratory begins within 2 days

of'female emergence. The trend in the number of adults caught

in the tight trap differed from that derived from either of the

other 2 methods. A possible explanation for this anomaly is

that local variatíons in the aduft numbers were modified by

immigration of males and females that had oviposited elsewhere.

The data indicate that the method using emergence traps seems

to be a reasona-ble measure of locat adult emergence. The method

usÍng egg-m¿tss counts appears to be egualty good; in addition it

has several advantaçJes' namely' (1) rn'hen pupal density is low

egg-mass counÈs obviate the difficulty of finding sufficíent

numbers of pupae, (2) with the former method, there is always



Fig. 5.2 Pattern of adult emergence at weekly intervals Ln 1977

based on (A) egg-mass counts, (B) adult emergence in

cages, and (C) adults caught in a J-ight trap.
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the danger that predators could get into the cage or that an

outbreak of disease within a cage could kill off a high

proportion of the pupae, (3) counting egg masses is not time

consuming:- it takes me about 2 hours to inspect 500 trees,

(4) larger numbers are involved, and (5) a count of egg masses

also provides an index of population density. One disadvantage

with this method is that it can be conveniently used only when

the lower branches have not been removed.

A count of egg nasses \^ras carried out again in 1978 and the

results for 2 years are presented in Fig. 5.3. The graphs shov¡

that the density of egg masses was higher in L977 than in L978.

Ho\,¡ever, the duration of t]:e egg-laying period v¡as about the same,

from mid-June to late-August.

Previous observations by F.D. Morgan show that adult emergence

can take place between mid-April. and early September. An emergence cage

placed over infested ground at Mount Burr in 1928 recorded emergence

of the first moth on 25 Mayi on 4 Juner l0 live and 6 dead moths

were seen inside the cage (lVoods and Forests Departrnent of South

Australia, unpublished report). I have found fourth to sixth

instar larvae of C. paeltyneLa on Prostanthera ' ouaLí-foLía,

MeLaleuea arrniLLay"Ls and Cupressus mq.croea,rpa in early August in

1977 anð,1978 in the Adelaide area. This suggests that the

phenology of the insect is earlier in the Central region than in

the South-East region of South Australia.

Adult emergence takes place at the end of a long

diapause. It was shown in Chapter 4 ttrat tJle diapause processes

are largely, if not so1ely, influenced by temperature- It is

therefore to be expected that weather conditions can influence

tÏ¡e time of adult emergence either to tl:e detriment or benefit

of the population.



Fig. 5.3 Number of egg maqses counted at weekly intervals

in 1977 and 1978 during the flight season of

ChLenias paehymeLa
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5.4.3 Insect-host Phe¡l oloqicaf relatj-ons

It is known that the period of pollen shed ín L977 and l97B

occurred during the month of August. It is also known that the

mean incubation period of eggs in both years \¡/as approximately

60 days. Thus only the larv¿re hatching from eggs laid during

June woufd have benefitted most from the pollen" As can be seen

ín Fig. 5.4, in 1977 and 1978, the majority of larvae ecloded

after the peak period of pollen-shed so t-hat they would have

hatched after the optimum period for feeding on pollen.

Larvae hatching after the period of pollen-shed are not

totalty deprived of pollen because pollen grains can be found

lodged in the microhabitat of the larvae for some time" Nevertheless,

the quantity of pollen availabte to the larvae must diminish with

time due to its removal by wind and rain. Furthermore' it is

possi-ble that the nutritional content of the pollen will deteriorate

considerably rvith age.

Morgan (unpublished report) remarked that the insect has not

yet adapted to the growth cycle of P. radiata and as a result

high mortality of first-instar larvae occurred in June and .luly.

He attributed the mortality to a lack of soft needles to feed

on. By implication, tltese larvae were observed much earlier at

the time when he carried out his studies between 1960 and L962 t

during tl:e períod of my studies adults were just emerging and

eggs weïe being taid in June and July. The fate that awaits

larvae hatching too early in the season is just as bad' if

not worse, than that which awaits larvae hatching too late.

Early in the season the nutritional be¡refits that may be

derived from residues of the previous year's pollen must be

negtigible; furthermore, the buds, both vegetative and staminate

are protected by their enveloping scales and cannot be fed on.



Fig.5.4 Cumulative frequency (%) curves of the number of egg

masses counted at weekly intervals in 1977 and 1978.

Arrows indicate the critical date for oviposition;

eggs laid prior to this date would have hatched during

the peak period of pollen shed.
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CIIAPTER 6

BIOTIC MORTALTTY FACTORS

6.1 Tntroduction

Solomon (L949), followed by Holling (f959), recognized two

main responses of predators to changes in prey densities. A

"functional response" is a relationship where the number of prey

taken by one predator j.ncreases with increase in prey density. The

predatOr Shows a "numerical reSpOnse" \^¡hen its numbers increaSe

in response to increasing prey density. Hassell Ê966) pointed out

that the numeïical response of predators can be immediate' because of

aggregation, as well as delayed, because of better survivaf and

reproduction of the enemy as a resutt of improved food supply. He

therefore proposed a ne\^I ternúnology :

I. The behavioural response. The behavioural response -is shown

by ttre predator species within one generation and may be classed as

either "inclividual" or "aggregative". An índividual response results

from changes in the behaviour of individual predators which lead to

changes in their efficiency. For example, an individual predator

may take more prey as prey-density i¡tcreases. An aggregative response

occurs as a result of enemies concentrating on a particuì-ar prey when

its numbers are high.

2. The intergenerational response. An increase in prey density

may result in an increased number of predators in the next generation

as a result of the improved survival or reproduction of the predator.

Such a response may be (a) delayed and./or (b) directly or inversely

proportional to PreY densitY.

It is useful to discuss tJ.e relationship between ChLenias and

its predators in terms of these responses. Thus far, the terms
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"preyt' ánd "predator" has been taken Lo cover "hos't" ancl "¡larasitett

respectively as well; this has been done for the sake of brevity.

In the sections below predtrtors and parasites, as defined by

Abercrombie et at. (f973) ' are discussed separately.

6.2 Parasites

Ivlorgan (unpublished report) recorded 3 ichneumonid, l-

scetionid ancl 1 tachinid pa::asites. The 3 ichneumonid parasites

were LissopirnpLa eßceLsa (Costa) , )ph'ion sp., and Echthromorpha

intricatoria f.r the first he considered. to be a prepupal parasite

and the other 2, pupal parasites. The scelionid was reared from eggs

and the tachinid from caterpi.Ilars; neither of these v¡ere named.

During the course of my studies, I recorded several parasi.tes

oî. Chlenías but only one of them, tr. eæceLsq.' attacks the pupal stage.

The others are probably larval parasites. No egg parasites ¡,vere

recorded from numerous egg masses of various ages collected from

Noolook and incubated in the laboratory.

Species of parasites found in the pine plantation at Noolook

have not been found on C. WchWeLa inhabiting other host plants

growing around Adelaide and vice-versa. For this reason the locality

where each parasite species was founB has been specified in the

following sections. The difference in parasite species between the

2 localities may be attributed to differences in the habitats

especially the influence of the variability in the respective plant

communities. The study area at Noolook consists of monocultures

of P. r,adiata with no close proximity to plants producing nectar,

wheïeas around Adelaide, the hosts of ChLeniAS v¡eïe growing among

a varied flora. The availability of nectar or honeydew, the food

resources of many Hymenoptera, have been shown to greatly influence

parasite longevity (e.g. Hocking, 1967)), and observations clearly

indicate that such resources were common in the Adelaide areas and



84

not at Noolook. Habitat preferences and. plant .influences have been

discussed also by Vinson (1976). Another explantation for tÏ¡e

observed differences between the parasite faurla of Chlenías at

Noolook and Adelaide may concern tJle greater variety of insect hosts

available to polyphagous par:asites in areas of greater floral

diversity.

Mortality of CLtLení'a.s caused by parasites v¡as low <luring the

period of study - the percentage parasitism by any onc species

was below 5%.

LíssopímpLa eæceLsø has been repeatedly mentionecl in association

witlr outbreaks of ChLenias and has been considered to have played a

major role in terminating outbreaks (I{oods and Forests Department

of South Australia, unpublished reports). In view of its appareut

ímportance, tJ:is species was selected for special investigation

with the object of elucidating its ecological relationship with

ChLení.as.

6.2.L LissopirnpLa eæceLsa (costa)

Family : Ichneumonidae

Subfamily : Pimplinae

Locality : Noolook

This ichneumonid is a common species in Australia and New

Zealand but is probably native to tJ:e former (Parrott, J-952). The

species is known by several other names, the mosÈ conìmon of which

ís LissopímpLa semípunetatq (Kirby). However' the name .t. eûceLsa

has precedence over the others (Parrott' 1952). A detailed

description of the adults is given by Parrott (L952).

The specíes is' known to have several hosts, all of which are

Lepidoptera. Tn Australia the recorded hosts are Spodoptena eæempta
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(WatX.) (t{eddel, l-936) , Tinacola plagiata Vüalk. (Temperley, l-930) '

and PhaLaenoides gLycin.e Lewin (Cordingley, Lgll). Hosts in

New Zealand are Oæyeanus eey2inata. tr{a]k., O. umby'acuLatus

Guen, 7z,tLncLydon praefectata Walk. , PseudnLet'ía unipuncta fiaw.),

(Gour]ay, I93O), and SeLidosema s1,LAD¿s Butler (Rawlings, 1953). The

last named, U-ke C. paclrymeLa, ís also a geometlid defoliator of

P. radiata,

Males of the species are noted for their peculiar habit of

attempting to copulate with flowers of Cryptostylís spp. (Coleman,

lg28, 1933, 1938). The flowers of these ground orchids are

apparently able to rnimic the female insect in some way so as to

deceive the male into pollinating them.

In general, members of the Pimptinae oviposit into prepupae

or into freshly formed. pupae that may be entirely naked or enclosed

in a dense cocooni subterranean pupae or those well protected in

burrows in twigs or weeds are not attacked (Torvnes, 1940). Species

of the genus Pimpla are known occasionally to parasitize actíve

larvae.

LissopitnpLa is believed to parasitize the larva1 stage

(Mil1er, L9L9¡ Gourlay, 1930; Smith and Caldwell, 1947). It is not

clear which slage of S. eæeTnpta. was being parasitized when l{eddell

(1936) stated : "The adults of LissOpírnpLa \¡Iere seen working over

the caterpillars, and also over the ground in which mature caterpillars

had burrowed for pupation". Cordingley G977) referred to the species

as a pupal parasite able to probe ttrrough wood and soil to oviposit

its egg into the host, PhaLaenoídes gLyeine Lewin. She also mentioned

that the adult emerged from tt¡e host pupa through a hole in the

anterior end. On the other hand, Gourlav (1930) claimed that the
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parasite larva emerged frorn the host l-arva to pupate.

In 1970, d.uring a serious outbreal< of ChLenias at Bund.aleer,

5 emergence traps were placed over ínfested groun<l with the objective

of assessing the proportion of pupal mortafity due to L. eæceLsa..

The traps \ÀIere set up in July and.by November a total of 5 specimens

of an unidentified ichneumonid was found in the traps but ¡one

of LissopítnpLa (woods and Forests Department of South Australia'

unpublished report).

Despite its commonness and frequent association with insect

pests, the species has received little more than cursory attention

and then largely from casual oÏ¡servation incidental to the study of

its hosts.

6.2.I.L Stock culture of. L. eæeeLsa

'A stock culture of L. eûceLsa was maintained on HeLiothís

WnetigeT,a WIIgr. for laboratory experiments. The culture \^tas started

with adult parasites emerging from C. pa,ehArneLq, pupae collected at

Noolook. Pupae of. H. punetigena, rather than C. pachyneLAt $iere úsed.

because :

1. ¡/. punctì,gey,a has a facultative diapause and a relatively short

life clzcte. rn contrast, C. pq.chryeLa is univoltine with an

obligate diapause

2. The pupa of C. paehAmeLa, becomes heavilv sclerotized and

resistant to insertion by the parasiters ovipositor within a dalz

of pupation (see Section 6.2.I.3). The pupa of H. punct¿ge?a

is readily penetrable for the entire duration of the stage-

3. A high d,egree of superparasitism is necessary for successful

parasitization of C. pachymeLa pupa (see Section 6 -2-L-4) 2

with f]. purtctigena a single insertion of the ovipositor is

sufficient.



87

H. pwlcti,gera,, hc,wever, has not been recorded as a natural

hosÈ of .t. exeeLsan An insect may be a suitable host in

the laboratory but may not be parasitized in nature (SaIt,

1976); v¡ith a laboratory host, the first stage of parasitization,

host finding, is avoided.

Method : Prepupae of H. punctígena. were allowed to pupate in

I cm of fine vermiculite in a petri dish and wer:e then exposed

to female LíssopirnpLa for 8 hours in the insectary room.

Each parasitized pupa was then incubated at 30"C in a vial (3.5

cm diameter by 8 cm deep) with a <lrop of honelz smeared on the wall

to provide food for the adult parasite v¡hen it emerges. Adult

females emerged in 17-18 days and males in 14-16 days. The host

pupa !ùas exposed to mated or unmated females depending on the

sex of the adult parasite desired. Unmated females always

produced male progeny while mated females usually, but not always,

produced female progeny.

Mating was readily achieved in the laboratory. When a female

was introduced into a cage containing several males, most of the

males would immediately attempt to mate with her simultaneously.

OnIy one male would succeed and th.e others were rejected

thereafter. Copulation lasted 15-30 seconds.

At emergence, adutt parasites were transferred to the

insectary room and maintained on a diet of honey. Some individuals

were still alíve and reproductive after 160 days when kept in this

manner. The influence of food upon the longevity and activity

ofichneumonids referred to above, however, emphasised the need to

have test animals that were as si¡nilar to each otlter as possible
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for experiments. fnsects were therefore kept and fed for

I month before being used in experiments-

6.2.L. 2 ovipositional behaviour

The.antennae are held out in front and used to probe the

substrate when the female is trying to locate her host. As soon

as a suitable pupa has been located, the female unsheathe'-s Ìrer

ovipositor and proceeds to dritl into the host. The pupa will

wriggle and in doing so, often thwarts tJle effort of the parasite

to penetrate its cuticle. The parasite may partially withdraw and

insert her ovÌ-positor and reposition herself several times. All

t]lis time the antennae are probing the host and the front legs are

waving about in the air (nig. 6.1). As soon as she succeeds in

drilling through the cuticle she proceeds to lay her egg. This

phase is signalled by the parasite remaining motionless except for

a slight quivering of tJ. e abdomen and ovipositor- She then

withdraws her ovipositor, sheathes it, usually cleans her

antennae, and either walks away or attacks the same pupa again.

The behaviour signalting successful penetration is consistent

and was confirmed by the presence of a puncture on each of

numerous pupae.

The host is not paralysed at any time during oviposition.

Paralysis sets in 2-4 d'ays later (at a temperature of 30oC).

r have offered varíous stages of C. paehAmela. and

H. punet¿gena to the parasite but only pupae were attacked.

The pupa must be within a cocoon : a naked pupa elicits no

response. cole (1959) pointed out that any feature of the

lepidopteran pupa that makes the attackerrs grip less seõure

or causes its ovipositor to slip is a potentially valuable defence.



Fig. 6.L Female of LissopinpLa eæceLsa just about to insert

her ovipositor intå cocoon of ChLenias pachymeLa.

Actual length of ovipositor sheath 8.3 mm.
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He suggested that Lhe cocoor'ì may be a lial:i-lity to the insect for

it can provide an excellent foothold. My observatj-ons indicate

Lhat the female ol L, eæceLsa. needs to gain a firm foothold wl'rilst

attacki.ng a host and this is so important that she has apparently

adapted to respond onty to a pu.pa wíthin its cocoon.

6.2.I:3 Res istance of host cuticl-e to penetration

My first success in getting tr. eæcelsa to parasitize a

host -in tfre laboratory was achieved with a Ë. punctíge]?,e pupa.

When I attempted to repeat this with C. pachgmeLa puçtae which were

collected from the field and were at least a month old, they were

found to be rea<1irty attacked by the parasite but penetration was

unsuccessful. It was clear that the host was still attractive but

that its cuticle was too hard to penetrate. The period just after

pupation would pr.-obably be the most vulnerable time for the host.

The objective of the following experiment rvas to test this hypothesis

and also to determine the length of time ít takes the pupa to become

sufficiently resístant to penetration.

prepupae of C. WehWeLq. were a1lov¡ed to pupate in ver¡uiculite

I cm deep in a cfear plastic c<¡ntainer. The cocoon formed was

adpressed to ttre bottom of the container a¡d the progress of pupation

co.n1clbe observed. In this h'ay pupae l-ess than 24 hours and 2, 4r g

and 16 days old were obtained.

Exposure to the parasite was arranged by making a small tear

in an intact cocoon of C. WchWeLa, collected from the fie1d, the

pupa within was discarded and one of known age (with its cocoon

removed) inserted. Field-collected cocoons were used because the

results obtained would be a better reflection of what happens in

nature tl:an if the cocoons had been formed in vernii:cufite and
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stuck to tfìe Ì¡ottorn of a container. A1so, fiefd-collected

cocootìs are mole uniform in size : this is important because the

space in which the pupa is free to move is likely to influence the

ability of the parasite to ovi.posit into it. A minor problem was

that j-n a few inst¿rrrces a pupa would stip out of the cocoon during

the struggle that ensued when it was being attacked. such a pupa

would be re-inserted and the experiment repeated-

Female parasites used in the experiment had been given

H. pwlctígeTd pupae to parasitize on at Ìeast 3 occasions. Each

female was used only once in the experiment.

A clear poJ-ystyrene container of 7 cm diameter and 6.5 cm

height- served as lhe arena. The cocoon was buried in fine sand

teaving only a small portion exposed. A female parasite was

introduced. The time from first insertion of tJ:e ovipositor into

the cocoon to its final withdrawal was recorded in those cases where

penetration \i¡as successful. OnIy the initial attack was observed

for an arbitrarily set time of 15 minutes or until the parasite

çJave up, whichever occurred first. AII pupae were examined for

puncture marks, and those without any were exposed to tl:e parasite

again and re-exarnined after 24 hours.

The results (Tab1e 6.1) suggest t]lat d. paehryela

pupae were most vulnerable to penetration by L. eæcels7 during

ttre firsÇ 24 hours of the pupal stage; a¡¡d in pupae of this age,

the duration of an attack ranged from 55 seconds to 3 minutes l0

seconds. The parasites had difficulty in piercing the host after

the latter was more than 24 hours old; in the 3 pupae older than

24 hours in which penetration \4¡as achieved within 15 minutes'

the times taken were 13 minutes 3 seconds (2-day old pupa),
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Table 6.1 Number of LissopimpLa females successfully

penetrating the cuticle of Chlenias pupae

of various ages. Nu¡nber of pupae tested per

age group was IO

Age of
pupae

Number of pupae in whích penetration :

was achieved was achieved \^7as not achieved
<I5 min 15 min to 24 h

( 24 hours

2 days

4 days

8 days

16 days

IO

2

I

o

o

0

7

I

I

o

o

I

I

9

10
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6 minutes (2-c1ay old pu¡ra) and 4 mj-nu'tes 24 seconds (4-day old

pupa). It should be noti.ced, however, thaL pupae up to I days

old were still_ vulnerable, this observation is mainly of

theoretical interest because those parasites gì-ving up after the

initial attacl< were not allowed to feave as v,rould probably happen

in nature.

It Ís of interest to note that the cuticle of ã. punctígeTa'

unlike that of C. pachAmeLa did not become íncreasingly resistant

to being pierced by L. eæcelsa with time. Penetration was just as

readily achieved with pupae containing the pharate adult, as it

was with newly formed Pupae.

The agili.by of the pupa and the hardness of its cuticle are

properties considered useful in resisting the attack of a parasite

(Askew, L}TL). The pupa of ChLeniq,s is capable of most movements

of its abdomen during the first 24 hours of pupation. After a few

days such movements are barely perceptible. In contrast, the pupa of H-

punct¿gera during the entire stage wriggles violentl¡7 when disturbed and

this movement plus a snrooth muscle cuticle, offers sorne resistance to an

attacking parasite. The pïesent observations suggest that the

agility of a pupa within the confines of its cocoon does not

appear to be as effective a defence as a tough cuticle'

6.2.L.4 Superparasitism

Females of many species of endoparasitic Hymenoptera are able

to discriminate between parasitized and unparasitized hosts and,

to a certain extent, to refrain from ovipositing in the former

(Salt, L96L¡ Ullyett, 1936; Lloyd, I94O, 1956; Bosque and

Rabinovich, LgTg). However, multiple parasitism (or multi-

parasitism) and superparasitism as defined by Smith (1916) , are

also common in the Hlzmenoptera. obviously insects practising

either of tltese modes of parasitism are unable to detect if the
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host has been pa::asitized, or if they canl choose to ignore the

message perceived.

LissopimpLa eæceLsa fatls j¡rto the category of insects

practising superparasitism. A previously parasitised pupa is

readily attacl<ed -if it is presented to either the same female

again or to another female. The pupa will be attacked even after

it has become paralysecl and a parasite larva is developing within.

I{hen pupae hlere exposed to parasites for several days the

developmental period of ttte parasite was of the same duration as

those in pupae that were exposed on the first day only- This

indicated t].at the eggs lai<1 subsequent to the first, died.

As many as 24 puncture marks have been counted on a single

H. punct¿gev'a pupa. With ChLeni-a.s pupae, 1-8 such marks could

be seen on a pupa, whether it was parasitized in the laboratory or

in the field. It seemed to me at first that ttris habit of

L. efieeLsa is exceedÍngly wasteful and must reduce its effectiveness

as a parasite. However, there is some evidence that endoparasites

are less liable to encapsulation by its host when there is a

relatively high degree of parasitism (puttler, 1967¡ Askew, 1968).

The following observations seem to support this view.

vfhen I collected pupae from the field and picked out those

that were parasitized by -[. eæceLsq, on the basis of t]re presence of

puncture marks, only a small proportion produced adult parasites.

Dissection of parasitized pupae from which adult .t. eæceLja

did not emerge showed that the host had died and the parasite along

with it. some of the parasítes had died as fully mature larvae.

À count of puncture narks revealed that the number present on a

parasitized pupa from which no adult parasite emerged was betv/een

1-5 (n=8); wher:e adult parasites emerged successfutly the number
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was between 5-7 (n=5). Similar results were obtained rn'ith

C. pqchryeLa pupae parasibized in the laboratory. No attempt was

made Lo detennine the precise degree of superparasitism required

for successful parasitism.

The results suggest that a certain degree of superparasitism

is essential to enable the futl development of a single adult

parasite. Further experÍmentation is necessary before tl-re number

of punctures can be directly related to successful parasitization.

To begin with the following questions have to be considered :

I. Is there a difference, as far as the host's defence reactions

are concerned, between oviposition mader sâY, 3 times in quick

succession and 5 times spread over several days?

2. It has been demonstrated that the haemocytic defence reactions

of the host is weakest in a certain region and parasite

development is favoured. if the egg is placed there (Carton,

197 8) . Does such a region exist in C. pq.chAmeLa, pupae?

3. Does tl¡¡e presence of a puncture mark signify tl¡e successful

placement of an egg, and if so, of only I egg?

Insects can make severaÌ cellular defence reactions to

foreign bodies in their haemocoeles (salt, 1970). Endophagous

parasites in their turn have various means by which they can

counteract the defence reactions of their usual hosts (SaIt, 1968) -

one such means is by greatly weakeníng the host so that it is

unabte to react against them. Attrition of the hostrs defences

can take several forms; Salt (1968) speculated that the gregarious

habit of some endophagous parasites may be'a means of protecting

tåern against the defence reactions of their host.
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ChLenias pupae frorn rvhj-ch -t. eæce-l.sa adults had emo:ged

were found to contain seve::al sírnilar-sj-zed, head capsules of

parasite larva. The size of tl'rese mand:-bul-ate head capsuìes

suggest that the supeïnumera-ry larvae would have been of considerabfe

size before aII but one of them died" The tempolary presence of

these supet:numerary larvae v¡oul-d have an attrition effect of the

kind envisaged by SaIt (1968) although tr. eæceLsa is not a

gregarious parasite.

It has also been suggested that a high degree of

superparasitism exhausts the host's limited powers of encapsulation

(Askew, 1968¡ Puttfer, L961). It should be pointed out that both

explanations - attrition of the host a¡rd exhaustion of the hostrs

d.efences - are based on circulnstantial evidence and have not

been rigorously demonstrated for any parasite species.

6.2.L.5 Effect of adult feedingr on longevity

The gravid female of L. eæeelsa is synovigenic - i.e.

ovigenesis is not completed before oviposition begins but is more

or less continuous throughout the life of the female. Compared

with pro-ovigenic species (ovigenesis largely if not entíre1y

completed before oviposition begins), synovigenic parasites are

generally long-lived and are able to conserve reproductive material

in relation to host density (Flanders' 1950). These are useful

attributes in times of low host densities. Feeding is probably

essential to the longevity of L. eæceLsa adults and an experiment

was carried out to investigate whether this was so-

New1y-ernerged adult parasites \^¡ere used for this experiment.

A singte parasite \"¡as introduced into a lantern globe and supplied

L of 4 treatments, namely, \^Iater' honey, honey alld \^/at-err or

nothing. Each treatment was replicated L2 times. The experiment
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\^ras conductecl in an insectary rocm at a tem¡:eraLure of 20 + 2"C.

The longevity of each inclividual was noLecl" The experiment was

term:'-rrated af ter 60 days.

The results are summarised j.n Table 6"2. Every -individual

fed wíth either honey or honey and water l-ived fo:: more than 60

days. A t-test showed no signíficant difference between the

mean longevity of adul-ts fecl on water and on nothing (P>0.05).

It may be inferred. from these results that -t. eüceLsa Ls

able to live for a short period without food or water. The

provision of water does not extend this period although the

aclults are able to mate and the females to oviposit normally.

Ctearty, the adults do hold some foo<l lreserves to carry them

through early post-emergence. Food becomes imperative after this

period; the longevity of L eæceLsa adults and ttrerefore their

effectiveness as parasites, depends orr it.

Ichneumonid species obtain food and moisture from feeding on

nectar, honeydew and upon hosts (Townes, 1958). In nature nectar

and honeydew are probably important sources of nutrients to

L. eæeeLsa adults, buL host-feeding has not been observed in this

species. The parasite is known to fee,l on the sticky e<udate that

is produced when PaspaLum díLatatum Poir., a subtropical pasture

grass, is infected by the fungus Cla,uí.ceps paspo.Lí Stev. ar¡d

HaIl (tangdon and Champ' 1954).

f have seen 2 -t. efieeLsa individuals obtaining their food and

water from tJ:e extrafloral nectaries present in the phyllodes of

Acacia pAcrwntha Benth. A single nectary is present near tJ:e

proximal end of each phyllode (rig. 6.2). Extrafloral nectaries

are common in the genus Acaeía (carne, I9r3-).
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Table 6.2 Influence of food on the longevity of

LíssoPímPLa adults.
(n = L2 per treatmenti temperature 20 t 2"C)

Food Longevity
(days)

Honey and water >60

Honey

Water

>60

7_LI

Nothing 6-10



Fig. 6.2 PhylJ-odes of Acacia pycrøntVø. A single

extrafloral nectary (arrorv) is present in each

phyllode.

Scale represents 22 mm.
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An inter:esting review of extrafloral nectar:ies and their

adaptive significance is found in Bentley (1977). Her account is

Iargely confined to ants because these are by far the most frequen!

visitors to extrafloral nectaries. Bu't she notecl that the Iiterature

does suggest ttrat nectar can be extremely important in the

nutrj-tion and local distribution of Hymenoptera which parasitize

phVÈophagous insects.

As can be expected, in monocultural plantings, trees of other

species are, rare. Acacia trees are few in a P. rAdiAtA plantation

and are therefore unlikely to be an important source of nectar.

Probably a more important source of nutriments to aclults of

L. eæceLsa is the honeydew produced by Pineus píni(¡'taq').'

This insect belonging to the family Adelgidae is widespread in

AustraU-an radiata pine plantations (Neuma¡n, L979) '

6.2.r.6 Thermal requirements

An experimetlt was carried out to determine the developmental

thresholds and the therrnal constants of the pre-imaginal stages

of L. eæeeLsq.. H. p1'tllctigena,' ratl¡er t].an d. pachryeLa' pupae

were used as hosts for ttre reasÖns mentioned in Section 6.2.I.I'

The pupae, wh-ich were 2-3 days old, \^rere exposed to female

parasites for I hours and then incubated at constant temperatures

of 15, L9, 25 and,3OoC until adult emergence. The total developmental

time of the pre-imaginal stages (from oviposition to adult

emergence) was recorded, for each índividual.

The median developmental times at each constant temperature

for both males and females are given in Table 6.3- The theoretical

threshold temperature for development (t) and the thermal constant

in day degrees (K), were estimated using the method outlined in

section 2.2.L. For males, E=9.9oC a¡d K=303 Ð".; .. for females,

t=9.7"C and K=339 Do.
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Table 6.3 Developmental times of pre-imagínal stages of

LíssopirnpLa eæceLsa at various temperatures

Sex Temperature n

49-73

34-36

L8-22

T4-L6

57-79

35-40

20-23

16-18

57

34

20

I5

63

38

2L

T7

13

L2

10

I1

L7

10

10

t5

15

19

25

30

15

19

25

30

MaIe

Female

I

j

I

i

I

I

I

i

I

l
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It has been shown that the thermal constant (oviposit-ion

to adult emergence) , but not the threshol-d t-emperature, varies

according to the host or diet on which the insect is feeding

(Bonnemaison, I95I; Gutierrez et al. ¡ )-97I¡ Markku1a, 1953).

For ttris reason the thermal constants estimated for .L" eûCeLSd.

on ,?. pwlctigera may not be appticable to the parasite on

C. pa.chryeLq,.

In 3 instafrces v/het:e adult parasítes successfully emerged

at 25"C from pupae of C. pachymeLa parasitized in the laboratory,

the times to adult emergence were 24 (male), 26 (female) and

27 d,ays (femafe) which are somewhat longer than those on

H. Entetígez'a. It seems reasonable to conclude that the

developmental time fcrr L. ¿æceLsa, on C. pachAmeLa in the field

wou1d be fairly short because of tJle high (mid-su¡runer) temperatures

prevailing. This tentative conclusion was confirmed by field

data (Section 6.2.L.7) .

It is perhaps appropriate here to make some comments

regarding d.iapause, or rather the lack of it, in -õ. æeeLsa.

It stculd be to the parasiters advantage if it is able to diapause

because the host is available for -only a brief period each year and

the parasite has a short developnrental time. In many parasites,

diapause is effected through the host's hormonal system (see

reviews in Askew, 1971 and Fisher, f97I). There $7as no indication

tåat this is so in L. eæcelsa because adutt parasites emerged

from both diapausing and non-diapausing pupae of ä. pt'metí;geya at

varíous temperatures within the normal Tange of time for the

particular temperature. This happened even when the host was

parasitized either early or late in the pupal stage. Parasites

within fietd-parasitized pupae of C. paehryeLa. showed no indication

of diapause when kept in the laboratory.



WAITE INSTITUTE

LIBRARY

10I

parrott (L952) used data attached to specimens in valrious

coll_ections as well as data from his personal collecting to

construct a graph of the seasonal abundance of adult tr. eftceLs1.

in New Zealanrl . The graph sho\.¡s that .t. eæCeLsA was activc

throughout the year except durinqi the months of January' August,

septenùcer and october. It is possible that the adults were

quiescent then and development of the immature stages slowed

down during the cooler months of August to october- It is

difficult to explain the lack of adult acti.vity in ,Ianuary as

indicated by Parrottrs data.

6 .2 .L.7 Host-par asíte phenologi cal relationship

My own observations and past reports (lrloods and Forests

Departrnent of South Australia, unpublished reports) show that

L. eæeeLsa. was. active 'from the month of December, buL that

none could. be seen by February. Pupal sampling, carTied ouÈ at

intervals over the period that pupae were present in the field

show that parasitized pupae could be found only during January and

February (table 6-4). The phenological relationship between the

parasite and its host can now be put together based on this

information and the results found in the preceding sections.

C. pachryeLq, starts to pupate in early December and the

parasite population starts to build up. A much larger sample than

was actuall.y taken in December would probably have detected the

presence of the parasite. By January at least 1. generation of

parasites emerges from the current host population owing to tJ:e

short developmental period of the parasite and the high summer

temperatures. Ho¡¡eveï, the number of newly formed pupae of

C. paehryeLa. is on the decline at tl¡is time. Hence, female

parasites will find easily penetrable hosts becoming scarce-
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Table 6.4 Percentage ChLenias pupae parasitised by

LissopintpLa at Noolook.

Date sampled No. pupae sampled % parasitised
pupae

L4.r2 .77

rt. t. 78

L5.2.78

27-3.78

26 .4.74

18.5.78

23

4L

297

311

192

I86

9

0

0

4

3

0

0

0
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By the beginning of February no new pupae are being forrned and

therefo::e no fresh parasitism takes place. The parasitized

pupae that may be found at this time are the products of

oviposítion made in January. the adult parasite emerging now

wíII have to find an alternatíve host either within or outside the

pine forest"

In terms of the types of parasite-host responses defined

by Hassell (196rr), an increase in ChLeni'as pupal density will lead

lo L, eûceLla responding as follows .

1. Individual behavioull response. Less time is spent by the

parasite in searching for its host and therefore more pupae

are likely to be parasitized within the limited tirne when

they are vulnerable.

2. Intergeneration response. Since Èhe parasite has a short

generation time relative to the host, there will be a direct'

, rather than a delayed density-dependent response to an increase

in host density. This response, however, can only occur within

a short period in each host generation. If the mean percentage

host mortalitlz causeil by .t. e&eeLsa were to be plotted against

tl¡e mearr host density over several consecutive generations of

the host, no obvious relationship would be observed. This is

because the mean host mortaliþz is influenced not only by the

host density, but also by the density of alternative hosts

available to L. eæeeLsa for the gTeater part of each year.

The overall effect of t]. e above 2 responses of the parasite

to an increased host density probably accounts for the increased

sightings of L. eæceLsa during past outbreaks of C. pa.chweLa.
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6.2.I.8 Conclusion

It seems unlikely that .t. eæceLsa has much effect on tl:e

numbers of C. pachAmeLd. because of ttre following factors :

I. Superparasitic habit of L. eæeeLsa. Superparasitisrn is

apparently necessary to overcome the hostrs defences.

Never*,he1ess the habit is considered to reduce a parasiters

effectiveness through wastage of eggs (Stary, L97O¡ Askew,

1g7r) . In this case the tíme wasted may also be i.mportant.

2. Asynchrony of parasite and host. The latter undergoes a

tengthy diapause while no diapause is apparent in the former.

3. Effect.ive cuÈicular protection of tt-e host. only the pupal

stage is attacked by the parasite and this period is further

reduced by the host being able to invest itself in an

impenetrable cuticle within a short time-

These difficulties notwithstanding, L. eæceLsa could contribute

to the collapse of outJ¡reaks following an initíal decline of the

host population through the action of other factors, ê.9. starvation.

From this vi*rpoint, the parasite has one characteristic that

weighs in its favour - it is abte to make limited but positive

aggregative behavioural and inÈergenerational responses to an

increased host densitY.

6-2.2 Notes on other parasites

6.2.2.L. Maeroeentrus z"ubrotnacuLatus (cameron)

Family : Braconidae

SubfamilY : Macrocentrinae

IocalitY : Noolook

Members of the Macrocentrinae are solitaqf or gregarious

endoparasites of Lepidoptera larvae (Askew, I97I) t tåe gregarious

forms seem to be polyembryonic (Muesebeck et al ., 1951). In at
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least one species, l,IaerOcenty.Us ørcyLiUotus Rohwer, the parasite

is polyemÌ:ryonic and practi.ces superparasitistn and yet only one

adult finally issues from a single host (Daniel, 1932). This

paradox lends further support to Puttler's (1967) and Àskew's

(1968) contention that several parasite bodies within the host

may exhaust the hostrs defence reactions.

Í.n M. lLlhroma.cuLatus a number of cocoons of the parasite

can be found packed within a single host cocoon. of I host

cocoons examined, the number of parasite cocoons ranged from

43-L23r and these were arranged so that their longitudinal axes

$rere parattel and their ante::ior ends were all pointing in the

same direction. The entire mass of cocoons was covered by a

layer of silk which in turn was enveloped by tJ-e host- cocoon

(nis. 6.3).

The presence of the exuvium of the sixth instar larva of

ChLení,as within the cocoon is evidence that the host died in the

prepupal stage after having spun its cocoon. The host is probably

oviposited ínto during the larval stage. This has been shovrn to

be so in the related M. gifuensís Ashmead (Parker, 1931) and

M. aneALíDorus (Daniet, 1932). rn the latter species, the

larwal frass or webbing is apparently necessary to elicit the

ovipositional response.

Parasítized cocoons of C. paehweLa collected in March were

found to contain parasites in an advanced stage of development

- adults could be seen within their cocoons. Att adults had

emerged by early May when kept at 2O"C.

The adults emerging from a host cocoon were made up of

either macropterous females (Fig. 6.3) and malesror macropterous



!'i9" 6.3 Macv,ocentrus rubvomacuLatus showing tJ.e macroptr:rous

female (top¡, and 2 masses of cocoons (bottom)

1 of which has been broken up. The labels indicate

(a) an intact nass of cocoons, (b) a single cocoon, and

(c) remains of the sixth larval instar of ChLenias.

Scales represent 1.7 mm (top) and 2.6 mm (bottom).



t.r< \-
ç

\

\

)
p
tt

.a

b

,'-

,

I

C

a

-.1



I06

females and males and brachypterous males, No brachypterogs

females were found." The adults kept in the insectary room l-j-ved

for fO-17 days when fed with honey and water-

If M. z,ubromaeuLatus parasitizes the larval stage of its

host, then the phenology of the parasite is probably not

synchronised with that of iEs host. Preliminary observations

suggest indeed that the parasite adults emerge while the hosÈ is

stitl in its pupal stage and the parasites probably do not

Iive long enough to be able to attack the larvae.

M. TubrornacuLatus is therefore unlikely to play a significant

rofe in the regruJ-ation of the abundance of its host'

6.2.2.2 EnicospiLu,s sp

- FamílY : Tchneumonidae

SubfamiIY : oPhioninae

LocalitY : Noolook

Members of the Ophioninae are endoparasites of iepidopterous larvae.

Adults (Fig.6.4) are mostly nocturnal (Askew, L97L). At least the

second part of this statement may be true of EnícospiL4s sp. as

suggested by the presence of 2 male adults in light traps on

2 separate occasions in August at Noolook.

The cocoon of EnicospiLus sp. is an elliptical, hard,

leathery structure. The d.lmensions are summarised in Table 6.5.

It is generally dark coloured but may have a brown transverse

band. The cocoon is found within the cocoon of c. pachymeLa

in the soil together with the remains of the latter's sixth instar

larva. This suggests tJlat the host is killed when it has formed'

íts cocoon and the parasite tarva then emerges to pupate-



Fig. 6.4 EnicospiLus sp., male.

Sca1e represents 5 mm.
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Table 6 " 5 Dimensions

EnicospiLus

(in mm) of cocoons of

sp. (n = 12)

Length Maxi-mum
di.ameter

Mean

Range

S.E

t3 .5

L2.6-L4.7

o.2

6.2

5.6-6. 6

0.1
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An experiment was carrj.ed out to obtain solne preliminary

data concerning the thermal and moísture requirements of the

parasite while in its cocoon. Cocoons of EnicOSpiLuS sp. \^¡ere

collected at Noolook on 24 March, L978 and hel-d in the laboratory

(temperature l-8-24"c) " Eleven days later 4 cocoons were placed

at each of the following constant temperatures : 13, 20 and 30oc;

at each temperature 2 cocoons were covered witll moist vermiculite

and 2 with dry.

OnIy 4 adults emerged. Their tirnes to emergence and the

treatments they were at, are given in Table 6.6. The other cocoons

were dea<l either because of the treatments or because tJ:ey we::e

already dead when collected. The small sarnple involved does not

altow firm conclusions to be drawn, but the data may be of use

to initiate future experifients. In particular, the extremely

tong time it took the adults to emerge from cocoons at I3"C -

compared with 2O"C - indicate the possibility of a pupal

diapause. A pupal diapause has been demonstrated in a related

species, E. sakaguchii (Nagatomi, Lg72). rf Enicospilus sp.

diapauses, it may be able to synchronise with its host and

account for a higher percentage parasitism than LissopimpLa

eæeelsa.. Its potential has not been recognised because the

adults are probably nocturnal and its activity not conspicuous.

Acìults lived between 29-98 days on a diet of honey and

$rater.

6.2.2.3 Unident ifíed larva1 parasite

Order : HymenoPtera

Locality : Noolook

This is an endoparasite but emerges from its host to form a

cocoon on the dorsal side (rig. 6.5). 'Ihe cocoon, which is ye]low
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TabLe 6.6 Incubation period of cocoons of EníeospiLus sp.

Temperature
( "c)

Moist
or dry

Days to
emergence

(frorn 24 . 5

Sex

78)

20

13

13

t3

Moist

Moi-st

Dry

Moist

70

342

355

402

MaIe

Male

Female

Female



Fig. 6. 5 Unidentified larva1 parasite of. Chlenias p.chymeLa.

Parasite cocoon attached to dorsal aspect of fifth

instar larva of host.

Scale rePresents I.7 mm.
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to orange in colour, [ay detach from its ]rost soon after forntation

or may rernain on the host and is carried around for several days

before the latter dies. Parasitized caterpillars died while in

ttreir fifth instar. I was unable to induce emergence of the

parasite adult.

6.2.2. 4 ClnetoPhtVnLrru"s sp

Family : Tachinidae

LocalitY : Urrbrae, Adelaide

Food plant of host z Pt'ostanthera ouaLífoLì'a

This tachinid (FiS. 6.6) is a larval endoparasite. It emerges

from its host to form a puparium when the host is in its prepupal

stage and has formed its cocoon.

Z\ single nev,rly formed puparium was placed' in moist

vermiculite and held at 2OoC¡ the adult tachinid ecloded 24 d'ays

Iater.

6.2.2.5 AC!ú¿1_'P.

FamilY : Ichneumonidae

SubfanritY : TrYPhoninae

Locatity : Waite Instítute, Adelaide

Food plant of host z MeLaleuea avmiLLavis

The followilg account is based on observations made on

6 parasitized caterPillars.

The glossy black egg of NeteLia sp. is firrnly attached to

the integument of the caterpillar by a pedicel. Parasite eggs

were found only on sixth instar larvae and hatched after the host

had become a prepupa and formed its cocoon. The larvae emerged

through a longitudinal split in ttre ovoid egg. The posterior end

of the larva remains between the 2 halves of t]..e egg case. The
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anterior

proceeds

days.

end is free to move and from this position tl-re larva

to feed upon the host which remains alive for several

Near matLlrity the parasj-te larva detaches itself from ttre egg

case but continues to feed upon tJ.e dead caterpillar until aII

that remains of the latter is the shrivelled integument. Then

tåe larva begins to spin its cocoon. The cocoon is a hard' leathery,

elliptical structure resembling that of Enicospilus sp. but is more

elongated.

When a host preptlpa was not allowed to form its cocoon,

ttre developrnent of the parasite proceeded normally until it

reached maturity. The larva then spun its siLk in the form of an

irregular mat around itself ancl continued to do so until it was

debilitated and died. This behaviour has also been observed in

other parasites (Parker, 1931; Nagatomi, L972) .

Of the 6 caterpillars, 2 carríed 2 parasite eggs each, while

the rest had I each. !'Ihere 2 eggs were laid on a single

caterpillar the parasite larva ecloding first developed normally,

while development of the larva ecloding later was somehow

suppressed- tt is not certain how this was achieved. Physical

attack can be ruled out as the eggs were sufficiently far apart

to make this an impossibility at this stage. It is possible that

the feeding activity of the first larva altered the host in such

a r4ray that it led to physiological- suppression of the second

Iarva when it ecloded and started to feed. Details concerning

physiological suppression can be found in Salt (I96f) and

Fisher (196I ).
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6.2.2.6 Unident ified Dipteran Pa::asite

Order : Diptera

f-ocatiþr : I,Ùaite Institute, Adelaide

Food plant of host : MelaLeuea arTniLLarís

The parasite emerged from the dead caterpillar to form a

puparium. Parasites were reared from host larvae collected

while they were in theír fourth to sixth instars Attempts to

induce emergence of the adult parasite vlere unsuccessful.

6.3 Predators

Predators, especía1ly birds and spiders' may play an

important role in the population dynamics of C. paehymeLa but

no attempts were made to evaluate their importance in the present

studies, mainly because the population of. C. pAchgmeLa wad decreasing

throughout the pèriod of mY studY"

6.3.t Arthropod predators

spiders v¡ere seen preying upon tlte various larval instars in

the field. A single bug belonging to the fan¡ily Reduviidae was

seen feeding upon a fifth instar caterpillar (Fig. 6.6) '

An unusual predator of eggs of C. pachyneLA was the larva of

LepíÅoseia sp. which belongs to the family Psychidae. The larva

v¡as seen feedíng upon an egg mass in the field. The species is

probably normally phytophagous as larvae have been successfully

reared on P. y,od.iAta foliage in the laboratory. There has been

at least one ot.her record of a facultatively predaceous

psychid : P1a¡rk and Cressman (1934) observed extensive feeding

by the larvae of. Platoeceticus gLoUer"Li Pack. upon the camphor

scale, Pseudaonidia dupLeæ Ckll. This psychid species is also



Fig. 6.6 CVnetophttnlmus sp. (top¡, a tachinid parasite; and

an unidentified reduviid predator (bottorn) of ChLenias

paehemgLa.
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normally a plant feeder¡ Yet in l-932 in Louisiana it was

estimated that wetl over gOeo of the scales in a heavy infestation

were destroyed by it.

The adult female of Lepidoscia sp. is rvingless while the

adult male is winged (FiS. 6.1 ).

6.3. 2 Vertebrate predators

Remains of. C. pachAmelq' larvae were found a¡nong the gnrt

contents of a female shingleback lizard, TnachydosaLlrrus Ttugosus

Gray, caught in the forest in December L9'76. This lizard is not

an aI]coreal animal and therefore the larvae consumed must have

fallen from the trees.

Birds and mammals are potentially important forest insect

predators because they are homoiothermic and operate at relatively

high metabolic leve]s (Buckner, L966). Mice and several avian

species are suspected to be predators of C. pachryeLq, in South

Australian pine plantations (!Ùoods and Forests Department of

South Australia, unpublished reports): Llnfortunately such reports

have not been verified.

superficial disturbances of the forest litter have been

ascribed by foresters to the red fox, Vulpes úuLpes L., searching

for ChLenias pupae. Three scats belonging to this malrunal \^rere

found at Noolook in April L976. Examination of the scats showed

the presence of hair and feathers (suggesting mammalian and

avian prey) and. the remains ofcarabid beetles and cockroaches

but none of ChLenías. Pine needles were a]so found but these

could have been accidentally swallowed along with the prey. A

larger sample of fresh scats collected at different times of the

year would have to be examined before ChLenias can be ruled out

as a food item in the foxrs diet. Nevertheless it is possible that



r'í9. 6 .7 LepíÅ.oseia sp., a facultative psychid predator of

eggs of Chlenias pachymela .. adult male (top¡,

(a) wingless adult female resting on

(b) larval case at the posterior end of which is

(c) the pupal case.

Scales represent 2.5 nrn (top¡ and 2.4 mm (bottom).
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at least some of the superficial scTatchings on the forest floor

were caused by the fox searching for carabid beetles and

cockroaches rather than C. pachryeLa' pupae.

Aggregative behavioural response caused by movemelrts of bird

populations have been reported by various workers (Blais and

Parks, L964¡ Buckner and Turnock' 1965; Hudleston, I95B; Smith

and popov, 1953). Movements of t].is kind are usually much more

spectacular than increases in resident breeding birds. Birds are

especially well adapted to respond to popu'l ation movement because

of their great mobility and because territorial behaviour is

usually minimal whe¡r such movements occur (Buckner, f966) "

During the 1928 outbreak of. C. pa,chryela at Mount Burr forest,

a huge flock of wood swallow (Artarm,¿s sp.) moved in and is believed

to have been responsiJcle for terminating the outbreak (Woods and'

Forests Departrnent of south Australia, unpubu-shed report). The

flock was estimated to have nu¡nlcered a million at its peak. The

relia-bility of this estj¡nate is open to doubt, but the flock must

have been large and. would have severely reduced the population of

pine loopers. The birds were probably not the only important

mortality factor operatíng during this particular outbreak -

ichneumonids (species not specified) and starvation were significant

too (woods and Forests Department of south Australia, unpublished

report) .

Thirtlz five bird species were regularly seen in plantations

of radiata pine in north-eastern victoria (suckling et al., L976) .

Of these, 9 species obtained a significant part of their food and

shelter from the pine canopy. Birds were observed attacking pupae

arrd adults in an outbreak of Chlenín.s sp. on P. radiata in Tas¡nania
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(Madden and Bashford, L97lb). At Noolook, there is a bird

popula-tion compr:ising several species, and this may have been

responsible for at least some mortality of ChLenias adults as

suggested by the presence of wings of these moths on the forest

floor.

6.4 Pathogens

It has not been possible tó give estitnates of mortality due

to pathogens for life table purposes. A substantial proportion

(<30%) of all larvae collected from the field died when reared in

the laboratorv and death could not be ascribed to any known

mortality factor. Elements of ttrj,s "unknown" mortality possibly

were (I) mechanical injury caused by handJ-ing, a¡rd (2) stress

imposed when larvae h/ere transferred from the field to tJle

confines of rearing jars in the laboratory. Death could have

occurred owing to the direct effect of these elements, or the

vigour of the larvae could have been reduced by these elements

to the extent that they succumbed to microorganisms which would

otherwise have been tolerated.

Of the 2 contributory factors to the unknown mortalitlr,

probably stress was the more important since larvae continued

to die despite utmost care in handlíng. The part played by

stressors in disease development has been discussed by many

workers (Wallis, 1957¡ Steinhaus, 1958a, I958b; Steinhaus and

Dineen, 1960; Jaques ' I96L¡ Neilson, 1963¡ Vago, L963¡

Tanada, 1965) .

Conditions in the field were probably sr:b-optimal too and

larvae would have been subjected to varíous adverse factors although

these might have been of a different kind from those found in the

Iaboratory. PossiJcle stressors in the field could have been
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high temperatures, excessive moisture and poor food quality.

Above were some of the difficulties in relating mortality

from diseases and unknown causes in the l.aboratory to existing

field conditions. Neilson (1963) attempte<l to measure the role

of the comple;< of d.iseases and their interaction with other

factors in the epi-demiology of the spruce budworm,

Choz"Lstoneupa fumíferann CIem. The difficulties outl.ined by him

are also relevant here.

Morgan (personal communication) found the following fungal

patlrogens of ChLení.a.s : Entomophthnra aphnophov'ae Rostrupr,

E. sp?øeTospermd I.res., Isaría sp., artd BeauUeT¿a bass¿ana (BaIs.)

Vuill." Isaria is, however, a doubtful genus and many fungi

placed in fsAríA may go in BeauUez,¿a (Ke¡drick and Carmichael,

1973) anð. PaeeiLorngces (Brown and Smith, 1951) .

Larvae attacked by E. aphrophotae and E.sphaeraspeßna

develop dark spoÈs in t]¡e mid-abdomen and become stiff after about

48 honrs. fsan'ia sp. and B. bassíartn can be seen as a white

felt of fungal mycelium on the pupa and prepupa.

In addition, 2 other pathogens have been identified during

the cor:rse of these studies. They were PaeciLonyces sp- and

AdeLina sp.

6.4.L Paecilomllees =-p. (Deuteromycotina: Hyphomycetes)

PaeeiLomyees sp. was found growing on pupae and prepupae

placed at 13oC in moisL vermiculite. The hosts were collected as

larvae from Noolook and infection might possibly have occurred

from the gnrt. A related fungus, P. fat'inosus (Dicks ex Fr.)

Brown and Smith, is also believed to originate from tle gut of

the host although infection of the pupa via either the spiracles

or intersegrnental membrane is considered possible (Alma, L975).
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The host in this case is IleLíothis annigera Hub., a defoliator

of Pinus rqdí,ata. in New Zea1and.

Paecilomyces sp. enveloped the pupa of C. pachymeLa in a

thin sheet of white mycelium. The fungnrs reproduced asexually by

forming elongated, vertical spore-bearing structures or synnemata.

Synnemata were generatty white in colour but yellow at the base.

The spores or conidia were extruded j.n chains from sma1l bottle-

shaped structures caI1ed. phialides (FiS. 6.8). Phialides occurred

singly or in groups on the aerial mycelium. Spores were snoot¡,

oval or elliptical, and greenish-yellow to hyaline-

6.4.2 AdeLírn sp. (Protozoa : Coccidida)

AdeLiyn sp. was founcl infecting caterpiJ-lars collected from

Noolook. The coccidian parasite was identified on t}e basis of

its characteristic oocysts within each of which were several

spherical Fporocysts.



Fig. 6.8 PaecíLomyces sp-.

conidia forming;

D, conidia.

A, conidiophoresi B, phialides with

C, phialide with mature coniclia;
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CHAPTER 7

POPUI,ATTON DYNAMTCS

7.L Introduction

By far the best way of understanding the population dynamics

of a species is through the construction and ana]-ysis of life

tables (Dempster , Lg75). Much has been written about population

dynamics in general and life tables in particular; among the

recent reviews are those by Varley and Gradwell (1970), Pottinger

and LeRoux (1971) , Var1ey et a1., (f973) , Dempster (L975) and

Southwood (1978).

Life table studies were carried out on C. paehryeLa infesting

a stand of radiata pines at Noolook. Three population trend

indices (Its) were obtained from estimates of egg numbers in 4

generations; and survival-rates for eggs, larvae and pupae were

estimated in each of 3 generations by estimating the numbers in

each of the following stages :

Year Numbers est imated for staqes I determined as l

1976 pupae eggs

1978 pupae eggs

larval instars I-Vf

larval instars I-VI

larval instars I-VI

eggs in I977/eggs irr 1976

eggs in I97a/eggs ín 1977

eggs in |979/eggs in 1978

L977 pupae eggs

1979 pupae eggs

Densities of the different stages were expressed as mean

numbers per tree. The mettrods of estimation of the numbers of the

different stages \^rere as given below-

pupae

pupae

pupae
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7.2 Methods

7.2.I PopulatiÖn area

Compartnent 68 at Noolook forest- was chosen as the population

area. The conrpartment was on flat fand and was 20.7 ha in area.

It was rectang-uIar in shape with the breadth of the rectangle

running in a north-south direction" The trees were planted in

L969. A surunary of the dimensions of these trees in L976, 1977

and 1978 is given in Table 7"1.

No other vegetation grew within the compartment. except where

the trees were sufficiently far apart e.g" in areas where there

were outcrops of limestone" The forest floor was covered with a

litter of pine needles. The soil was a loose sandy loam-

, There rrere approximately 200 rows each of about 140 trees in

the compartment which was arbitrarily divided into t0 blocks so

that each block was made up of 50 rows 70 trees deep" A tree

was selected for sampling by d,rawing random numbers for the block,

the row within the block and the tree within the row. The first

2 rows of trees at the perimeter of the compartment were not

considered as part of the sampling universe.

7.2.2 Sampling eggs

As egg shells remained. on the trees until at least tJ:e larvae

had pupated, sampling for eggs could be carried out at any time

before ttre end of December. The progress of oviposition and egg

development were monitored by observing egg masses along the

margins of the experimental plot (see Section 5.4.2) .

In 1976, sampling was carried out near the end. of the egg-

laying period ard. so may have given a slight underestimate of the
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Table 7.1 DimensÍons (cm) of trees in compartment 68 in

1976,. 1977 a¡rd L978. D.B.H. = d.iameter at

breast height (L.25 m above ground).

L976 r977 1978

D.B.H. Height D"B.H. Height D.B.H. Height r

No. of trees

Range

S.E.

t4 30 30

13 .1 904 .3 15.1 ro72.3 15.6 LL47.8

690 L2 915 11 820

-L7 -1200 -19 -1345 -20 -1408

0. 68 44.3 0.35 23.3 0.48 25.4

2614 26

x

B
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egg population; but it was done then in an attempt to estjmate

the proport.ion of egg parasitism. No egg parasites were found

so Ín subsequent years egg sampling was done after the egg-laying

period was over.

The sampling unit \^ras a randomly selected t::ee. The entire

tree was systematicarry searched for egg masses. The number of

individual eggs in each egg mass was counted in the laboratory

using the method described in sectj.on 2.4. seven sampring units

were examined on each occasion.

7.2.3 Sampli larvae

From a tree chosen at random, I out of every 3 whor:ls of

branches was randomly seiected. The branches in the selected. whorl

were numbered in a clockwise di-rection, with branch number r at

the northern aspect. One of these branches was selected at rand.om

and cut and lowered to the ground to be examined for larvae. Near

the top where the trunk was too srender to be ctimbed, the entire

cro!ì¡n was cut and lowered to the ground to be examined for larvae.

The trunk was also inspected for rarvae. This rast proceclure was

especially important when temperatures were high and larvae had

a tendency to stay on the trunk rather than on the branches (see

Section 2.3.1).

The sampling unit was a branch. The number of sampling units

taken per tree varied because the number of whorls per tree

varied from tree to tree- The number of trees sampred. on each

occasion is as shown ín Tables 7.2, 7"3 and 7.4.
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In L976 a sample of larvae had to be taken in a hurry and

it was uncerÈain how many brauches from how many trees \47ere

reguired f-or a good sample" So on this occasion the larvae on

all the branches from ttre I tree were counted. From this data

and from a subsequent sarnpling experiment on eggs (Maeizer, Morgan

and Khoo, unpublished data), it was determined that an optimal

number of trees to be sampled was about 4; this sampl-e size

resulted in errors which were witl:in the IO-2Oz linits usually

acceptable for population studies.

Pupal sampling was carried out in January soon after

pupation, and again in late April to early June before adult

ernergence.

7 -2.4 Sampling pupae

Since the pupae were found in the ground, the pupal density

hras expressed as the mean number occupying an area circumscribed

by a circle of I m radíus with the base of the tree at the centre

of the circle. The distance between rows and between trees within

row $¡as approximately 2 m; therefore the estimated number of pupae

in each circle can be considered to "belongi" to the tree. This

method probably underestimated the pupal numbers per tree since

the interstitial spaces between adjoining circles were not

included in the estimation. But this source of error was probably

negligible compared with other sampling errors.

PupaÌ sampling was done by digging and sieving the soil. The

sampling unit was a quadrat 20 cm square and 6 cm deep. At a
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randomly selected tree, 2 cardinal directions relative to the

base of the tree were chosen at random. In each of the trvo'

directions, 5 consecutive sampling units \{ere taken with ttre

first unit next to the base of the tree.

The soil sample \.Ias passed through a 7 n¡n mesh sieve. Pupae

within their cocoons remained in the sieve but the occasional

naked pupae did pass through. However, the latter were easily

spotted because their maroon colouration stood out against Èhe

orange-coloured soil.

7.2.5 Sampling_adglts

Âttempts were made on 2 occasions during tåe flight season

of the adult moth to estimate the adult population hry the capture-

recapture method (Southwood, 1978). Adults caught in light traps

(see Section 2.3) were dusted with a fluorescent powder and released

on the same night. Unfortunately, the marked moths remained near

where they were released. Furthermore, they did not fly into the

light trap on the following night. It is probable that those

adults which were attracted to ttre tight trap were old. moths

(see also Section 3-5). The procedure was obviously unsatisfactory

as a means of estimating moth numbers and was abandoned"

7.3 Analysis of the life table data

The method of analysis of the life table data was essentiaÌIy

the same as that of Morris and }4iller'(1954). Analysis of the data

was based on a model sjmitar to that used by Morris (1963) and

Harcourt (1963) :
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Definitions of the slzmbols follow :

f = population trend index in a given generation

S- = survival-rate of eggs to eclosion
E
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= survival-rate of each of the larval instars I-VI

= survival-rate of pupae

= survival-rate of adults

= the proportion of adults that are females

= mean potential fecundity per female

= proportion of F that can be achieved by the

female of a given population.

s -SLI L6

S
P

A
S

Pg

F

P
3'

The method of calculating the survival-rate for each of the

different stages is given below"

7.3.1 Eggå

S" was assumed to be 1.0 because the proportion that did not

hatch or was killed by parasites and predators was negligible.

7.3.2 Larval instars I-VI

Since both the number of eggs and the number of pupae coul_d

be estimated by taking a sample when all the insects were in the one

stage, the survi'¡al-rate of the larvae over aII 6 instars could

be estimated as :

t"r't"z 't"3 ' t"4't"5't"e = No. of pupae

No. of eggs

Similar estimates of the numbers of larvae entering any one

larva1 stage could not, of course, be obÈai¡red because the eggs

hatched at different times so that at any one sampling time various

numbers of larvae of different instars r^rere observed. The survival-
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rates of each larval instar from I-V were therefore obtained by

Manlyrs (I976) modification of Kiritani ancl Nakasujirs (1967)

method in which the number of larvae entering any one particular

stadium are calculated as a function of the area under the curve

of observed numbers of that instar. This procedure was not

followed for larval instar VI because of the unreliability of

Manlyrs method for estimation of the last survival--rate in a series

(Maelzer, personal communication), and. the survival-rate of instar

VI was obtained instead by substitution of the other estimates in

the a.bove equation, i.e. :

No. of pupae
L6 slr'sL2't"3'sr,4'sr,5'No of eggs

7 .3.3 Pupae

' This was based on the ratio of number of pupae at the beginning

of the pupal period to the number at the end of the pupal period.

7 -3.4 Adult properties

As in Morris (f963) and Harcourt (1963), corrections were made

for sex ratio and adult mortaliþ2. Ho\4¡ever, a correction was not

necessary for mean fecundity.

1. Sex ratio. The sex ratios (in percentages) were based on the

sex ratio of the pupae.

2. Adult survival. Adu1t survival was calculated from :

actual No. of egqs
expected No. of eggs

The expected number of eggs was estimated from :

No. of pupae at the end of the pupal period x proportion of

these pupae that were females x mean potential fecundity of moths.

S
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3. Mean fecundity. The mean (potential) fecundity of moths was

estiiated in the laboratory by dissection (see Sect-ion 3.5)

and was found to be 1245 eggs per female. Considering that

females caught in light traps were found. to have oviposited

almost aII their eggs (see Section 3.5), the potential

fecundity was likely to be attained unless the moth died

prematurely.

Since the weight of femate pupae of C. pachyneLa was correl-ated

with potentiaL fecundity, and. since the weights of female pupae

did not differ significantly in the 4 years (see Section 3.4), it

was not necessary to make a correction for reduction in fecundity

of adults as was done by Miller (1963) and Harcourt (1963).

7.4 Results

' The mean number per tree for each of the different stages in

each of the 3 years , L976-77, 1977-78, and L978-79, are shown in

Tables 7.2, 7.3 and' 7.4.

The estimated survival-rates of the various stages for the

3 generations are shown in Tab1e 7.5. The population trend index

(calculated using the equation given in Section 7.3 ) for each

generation is also included in the table. The reliability of

the survival-rates is discussed in Section 7.5.

7.5 Discussion

There are several methods availa-ble to identify the key

factor(s) influencing the population trend (see Southwood, 1978).

Hovrever, none of these methods are suitable here because life tabÌes

were constructed for only 3 generations. The determination of the

stage(s) which have a strong influence on the survival of the



Table 7.2

Sanpling
date

No. trees Pupa
sampled

Sugnary of ttre population estj:nates of G:hLenìa,s paehymeLa in compartment 68 at Noolook

in L976-1977. Estimates expressed as mean number per tree-

3 -6-76

3.8.76

L5.9.76

29.9.76

26.tO.76

30 . 11. 76

2L.L2.76

24.L.77

27 54 -4

Egg

4457 .9

LA.rVA Larva
TI

Larva
III

0 0

707 .O 63.0 14.0

2708.3 280.0 38.8

L4.6 348 .8 243 .4

0 0 2r.3

Larva Larva Larva Pupa
VTVIVI

7

I

2

4

4

3

0

0

LLA.7

45.6

1.0

0

0

0

13 .0 0

90.0 100. 2

5.2 14.0

10 00 27.O
ts
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Table 7.3 Surnmary of the population estirnates of ChLenias pachryeLa in compartment 68 at Noolook in

Lg77-I978. Estimates expressed as mean number per tree. The word "survey" refers to the

method used to determine when the eggs started to hatch (see Section 7..3.1.I).

Sampling
date

No. trees
sampled

Larva
I

165.8

L46.6

14.1

Larva
II

48. 3

LI2.3

74.3

Larve
IIT

0

27.9

126.4

18.8

Larva
IV

Larva Larva
Vf

0

10.9

20.0

L7.s

PupaPupa Egg-

20.7

603 .6

v

26.5.77

24.8.77

19 .8.77

7 .9.77

25.9.77

L2.LO .77

2.LL.77

23.LL-77

t3 .r2.77

11.1.78

10

7

Survey

4

4

4

4

5

5

IO

00

0

1.6

20.4 2.4

7L.9 60. I

rL.z 24.4

0

00

H
Ì\)
@

0

00

0 6-7



Table 7.4

Sampling
date

No. trees
sampled

Larva
IV

Larva

Summary of the population estimates of ChLenías paehymeLa in compartrnent 68 at Noolook in

1978-L979. EstÍmates expressed as mean nunber per tree. The word, "survey" refers to 'e.l-e

metTrod used to determine when the eggs started to hatch (see SecLion 7.3.1.1).

27.4.78

L6.9.78

4.8.78

5.9.78

28-9.78

17 . r0. 78

9.11.78

27.l-L.78

L8.12.78

15. 1.79

19. 5. 79

13.9 .79

20

7

Survey

5

5

5

5

5

5

20

T2

7

Larva
I

0

I51.9
24.3

5.2

0

Larva
IT

0

19.5

78.6

16 .9

0

Larva
III

0

44.3

52.2

2.8

0

0

4.6

40. 8

18.5

2.6

0

Larva
VI

0

L8.2

L8.7

I.2
0

Pupa

4.3

Pupa Egg

2.8

519.6

4.O

205.3

V

0

22.2

4.3

0

F
¡\)
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Tab1e 7.5 Survival-rates and population trend ind.ices

for 3 generations of ChLenias pachAmeLa.

For explanation of symbols see Section

7 ..3.2.

Stage
survival-
Tate

r976-77 t977-78

s
E

S

1.000

o.344

0.513

0.545

o.562

0.512

o.2L9

0.763

0.140

o.167

r245

I .000

0 .693

0 .666

o.594

0.57r

o. 375

0. I89

0.418

0.400

o.373

J.245

1.000

0 .605

0.565

o.799

0.356

0.131

0.930

0.300

o. 137

L245

LI

S

s

L2

L3

S
L4

ë
"L5

tl,o

s
P

ta

P
?

F

o.135 0.861 0.395

I

i

I

I

i

I

t,

I

I

;

l¡
I

I
I

I

I

i

l



l-3t

popul_ation was consequently done by vj sual inspection of the

survival--rates in Table 6.6, and the conclusions thus drawn must

be considered to be only t-entat--ive. In general it may be inferred'

that the survival-rates that were most important were those which

varied considerably between the 3 generatj-ons for any one stage.

The population trend indices suggest that the population \^Ias

on the decl-ine in each of tÌ¡e 3 generaLions studied. The lowest

value for I occurred in the I976-L977 generation. Therefore the

stage witåin this generation which showed a markedly low survival-

rate compared \^Iith the other 2 generations may be considered to

be the stage at which the key factor was operâting" The values

of the survival*rates, SLI and Pg, in the I976-L977 generation

were considered unusuallY low.

It was concluded that a key factor operated in the L, stage

a¡rd another (or the same) key factor influenced the sex ratio.

Another key factor may operate in the adult stage. These possible

key factors are discussed below, along with the possibility thal:

food is the key factor.

A key factor in the L., stage?

The major mortality factors operating on the first-instar farvae

were considered to be , (1) dispersal losses (21 poor food

quality, and (3) rain. Of tJ:e 3 factors, only food quality

has been closely examined (Chapter 5).

The tendency of neonate larvae to disperse has been briefly

discussed in Section 3.3.1. Variations in dispersal losses may

be related to poor food quality although this has not beert

conc lusively demonstrated.

Frequent and intense rains, which are not unusual at the time

of tÌ¡e year \^¡hen larvae are hatching, may kill larvae either
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directly by drowning ol: indirectly by favouring the development

of diseases. However, rain may only be regarde<l as a key factor

if it can be demonstrated that it causes a variable mortali-ty

between years and that this mortality is inversely proportional

to the population trend index.

A key factor affecting sex ratio?

It is uncertain what caused the abnormall)' fow proportion of female

pupae in the L976-I977 generation. The factors or processes known

to cause a greater mortality among females than males of some

species of insects are atlverse temperatures ancl humidities (Brandt,

1938), crowding (Titschack, 1937), starvation (Brandt, 1938; Graham,

1939) and poor food qualiLy (Goldsmíth, 1932). ln ChLenías it may

well be that the nutritional requirements of the female larva are

different from ttnt of the male and the detrimental effects of

poor food quality are felt more strongly by the female. Also,

since the female larva takes a longer time to develop than the

male (see Ta-ble 3.6), it ís exposed that much longer to predators,

parasites and diseases. Polyhedrosis virus and other rrnknown factors

were shown to kill more female than male larvae of CoLias phi'l,odiee

eurAthene Boisduval because of the slower rate of development of

the female larvae (Stern and Smith, 1960). It is very likely

that far more femal-es than males are killed, by LissopirnpLa ereeLsa

because the parasite density is at its peak later in the season

w}ren ChLen'í,as females are pupating (see Section 6.2.I.7). other

parasites of ChLeni,a,s may also have a similar effect.

Low Sa úalues

It is necessary to comment on the surprisingly low values of So

in each of the years. The agents probaJrly responsible were
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dispersal, maLing fail-ure and predators;, especially birds. Other

possible agents were misadvent-ure and adve::se weather cond.itions.

I was unable to make a proper appraisal of the s'tatus of these

agents and the fo1J-owing remarks must be considered conjectural.

A nett loss of females from the population area is a

possJJcility to be considered. Since fully gravid females do not

disperse (see Section 3.5), dispersal is probably done after the

moths have ov-iposj.ted at l-east some of Lheir eggs. Mating failure

is another possibility; although infertile eggs v¡ere rarely found

in the field, "adult mortality" causecl by mating failure may not

be detected because such females retain al-most al1 their eggs

till they ilie (see Section 3-5) . As mentioned. in Section 6.3.2,

there was evidence of moth mortality caused, by bírd predation.

The sum effect of these agents plus other agents like misadventure

and ad.verse weather conditions nìay account for the l-ow values of

sA.

Is food the key factor?

Of the 3 major causes of mortality of the first-instar larvae,

food was probably the most important and is likely to be the key

factor in the population dynamics of ChLeni.as. This conclusion is

consistent with the results obtained from other aspects of the study

(see Chapter 8).

Reliabil-ity of estimates

Finally, one of the major difficulties in the preparation of life

tables has been the estjmation of the nunbers entering a stage or

age class (1x). The difficulty arises because there is normally an

overlap in time of successive stages of a cohort. An ideal

situation for ease of estimating 1* would be one where all- the

individuals of any one stage are in perfect synchrony. Since
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such a sit-uation does not exist in nature, various meatts have

been devised to estimate 1*. For example, Morris and Miller

(1954) estimated 1* for larvaf instars III-VI of Chot'istoneura

fwníferana by a direct population sarnpling when instar ffl was the

prevalent instar in the field. Harcourt (1963) divided the larval

stage into periods I, 2 and 3. Larval- period 2, for example, was

from the middle of the fourth-instar to cocoon fo:rnation, and.

1* was estimated by direct population sampling of lan¡ae at the

middle of the fourth-instar. lt is obvious that considerable

errors in the estimates are unavoidable with such methods.

Manly (1976) modified Kiritani and Nakasuji's (L967) method

to enable estimation of the survival-rate for any stage for

samples taken a-t irregular intervals. ManJ-y's method was used here

for the estimation of survíval-rates for larval instars I-V of

ChLeni,as but not for larval instar VI, the survival-rate of

which was estimated differently (see Section 7.3.2). If, for

example, Harcourt's method has been used here instead, the

variability in the survival of larval instar f would not have been

detected. A problem with using Manly's method is that it is based

on the estjmation of the area under tJ.e frequency trend curvei

and the area under the curve is likely to be extremely variable

unless based on very frequent observations. Therefore, some of

the estimates of the survivaL-rates of the larvae of ChLeni'as

may be crude because they were based on a small number of

observations.

Densíties of pupae, e99s and early larval instars were high

ín 1976. But the numbers declined sharply and remained low for

the rest of the study. Hence, estimates for the later stages of
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each generation, in particular the pupal stager râY al-so not

be rel-iabf e.

In this study it was too expensive in terms of time and

travel costs to sample more frequently than was done, a¡d

Manly's method of estimating survival-rates has been used

mainly to illustrate its potential in life table analysis-
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CHAPTER 8

GENBRAL DISCUSSION

Pinus radiata has been grown on a plantation scale in

South Australia for 103 years. The recorded history of the

association of tJ-e indigenous d. paehymeLa with this introduced

host dates back 52 years. There have been numerous reports of

outbreaks of, this insect, and some of these outbreaks were so

severe that insecticides had to l¡e applied

The geographical distrjJcution of the outbreaks in South Austrai-ia

is interesting. I^iith the possible exception of Sundalee¡, all

the outbreaks have occurred in the Lotver Soutl:-East region and

yet the polyphagous C. paehgmeLa Ls found in other areas of

the state. In these other areas they occasionally appeal in

epidemic proportions on various host species but not on

P. ?qÅ.ía.ta,.

Life table studies suggest that the key factors are those

which (1) operate on the first-instar larvae, and (2) have

a dífferential effect on the sexes, i.e. the deleterious effect

is more severe on the female than on the male. No satisfactory

explanatíon can presently be offered for the differential

mortality of the sexes although poor food quality and parasites

may be causal factors. The probable factor responsible for

significant and variable mortality in the first-instar larvae

is discussed below.

The role of parasites and predators in the population

dynanics of C. pachymela has not been fully evaluated. But

in view of the low proportion of mortality caused by these enemies

The species here was probably not- ChLenías paehymeLa (Morgan,
personal communication) .

*
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their rol_e cannot be major. There were certainly no important

parasites and predators of the first-instar larvae.

Significant reductions in the rate of gr:owth and survival

of first-instar larvae were observed when pollen was not

included in the diet of these larvae. The following argument

will show how pollen can be a critical factor influencing tJ:e

survival of tl- e population.

An insect such as ChLenias that depends on temperature to

regiulate its diapause processes can be expected to show some

variatiolt in its seasonality. Indeed, past observations have

provj-ded. evidence that C. pachymeLa does vary in the time of

adult emergence. Po1len shed in P. nadiata, on the other hand,

seems to be a regular Phenomenon.

Morris (1957) has stated. that "... variation is the important

attribute of mortality, and that low but variable mortalities may

therefore have more influence on population trend than high but

relatively constant mortalities". The ínfl-uence of variable

mortalities on population changes are considered to be important

whether they are density-dependent or density-independent

(LeRoux et al., 1963). Such mortalities are called "key factors"

by Morrís (1959) which accordíng to him mean "simply ttrat changes

in population from generation to generation are closely related to

the degree of mot:tality caused by this factor, which therefore

has predictive value".

The unavailability of po1len to feed on may be considered

to be a key factor in the population dynarnics of C- pachgmeLa.

The hypothetical relationships between pollen and pine looper

densities are as follows z



138

l. Negligíb1e insect llensities if the period of larval hatch

is completely out of phase with the pollen shed period.

2. Lo\r/ to medium insect densities when the period of larval

hatch partially overlaps the period of pollen shed.

3. High insect {ensities when the peak per:j.od of larval hatch

coincides with the peak period of pollen shed.

The first relationship probabl-y exists in the Central region

of South Australia. Around Adelaide, adult ertergence takes place

much earlier than at Noolook and. Iarval eclosion occurs before

the pollen shed period of P. ra&Lata. Hence high mortality occurs

and most of the population fail-s to establish.

The second relationship was obserwed in 1977 and 1978 at

Noolook. A similar relationship would probably be found in the

forests of the Lovrer South-East where larvae are present, but in

low numbers in most years.

The third relationship would have been the cause of oullcreaks

of the insect observed in Èhe Lo\^Ier South-East. In ttris region,

fortuitous deviations in temperature from that of "normal" years

(i.e. years in which no outbreaks occurred), could result in

synchrony of peak larva1 emergence and. peak pollen shed. Given

the high reproductive potential of C. pachAmeLa., tJ:e endemic

population in a plantation could reach epidemic proportions

within a síngle generation as has been observed by foresters

in the past.

The hypothesis Èhat pollen is a key factor in the population

dynamics of C. paeVtymeLa therefore provides an explanation for

both the distribution and abundance of the insect in South

Aus tralia.



139

The strrdl' carri.ed out did not seek to define the benefici-al

effect of pollen. But the role of pollen may reasonably be

assume<l to be nutritional. line pollen is rich in various

nutriments and is certainly much richer in nitrogen thau pine

foliage (see Section 5 -L.2). Increased nitrogen Ievels has

important implications in the population dynamics of many species

of insects (White, L969, L974, L976¡ Clark and Dalhvitz, 1974,

1975) .

Food quality has a nunik¡er of effects on an insec'E (see

Section 5.1) but- only 2 - survival and grov;th - have been

investigated. So t]. e unavailal¡ility of pollen for larvae to

feed on may actually have far wider impticatíons for C. pachAneLd,

tl¡an is presently known. This study seems to support a general

principte spelled out by Webb and Moran (1978) for tJ:e population

dynamics of the many phytophagous insects which remain at endemic

Ievels of abundance for long periods - that it is the host plant

which plays a critical role in determining their numbers.

Assuming that polten is the key factor affecting C. pq.chAme\a,

several possibilities may be consid.ered for its future control

without t]¡e use of insecticides. Alteration of tree phenology is

one way of achieving this. Eidt and Little (1968) and Holliday

(L977) have considered this approach. Eidt and Little (1970)

actually attempted to induce host-insect asynchrony by applying

growth retardants on balsam fir, Abies baLsanea 1r.¡ MilI., but

were not successful. It does seem that the practical difficulties

involved in altering the host phenolog'y are too great. Even if

some chemical can be foqnd to achieve this, it would have to

compare favourably in cost to insecticides. Of course the use

of ínsecticides should be avoided because of their undesirable
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side--effects; but as has been pract-ised in past oullcreaks of

C. paclxAmela on P. r'adíata,, the juclicious ancl infrequent use of

insecticicles would have minimal impact on the environment. There

is per-haps a better alternative to alteration of the tree

phenology to control ChLenias.

Fielding (f960) has r¡easured the production of cones, pollen

and pollen-bearing material by P. v'qd.iata. He estimated the dry

weight of these materials to be equivalent to 16s" of the mean

annual increment of the plantations. This estimate of the

amounÈ of growth energy annually expendecl on sexual rep::oduction

would be even higher if one takes into consideratíon the fact

that seed and po1len are richer than wood in nutrients. Fielding

suggested tl:at : "Selection against profuse flowering may possibly

result in diverting a greater proportion of the material elaborated

by the tree into wood production, thus increasing the yield of

the forest". This suggestion, if adopted, would not only result

in íncreased yield, but would probably prevent or at least recluce

the severiþz of outbreaks of C. pachAmeLa.

Perhaps Fielding's suggestion should be carried to one

extreme and stands of trees t]¡at are completely female, i.e. they

do not produce any male strobili, should be planted. Such trees

already exist in plantations and can be propagated by cuttings

(r'ietaing, 1960). This measure should prevent the developmenÈ

of outbreaks of ChLeníns in P. radiata plantations.

Souttrwood (f973) has stated that " ... pollen feeding often

seens to represent 'the first step' (in the evolutionary path of

tJ-e phytophagous insect) and feeding in or on foliage, rfuII

success I rr. Others have also discussed the possibility that

ínsects may evolve to overcome the resistance of host plants

(Beck, L974¡ Knight and Alston, 1974). It may well be that
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C. pq.ehAmela is in the process of overcoming ¡he resistance,

i.e. the nutritional barrier of the fotiage¡of P. z'adí'ata.

Although the foliage of species of. Pinus is l<nown to be poor in

nitrogen' various insect species are known to have adapted to

this source of food and even thrive on it. In Europe, 4 species

of lepidopterous defoliators of pine-s occasionally cause serious

damage (schwerdtfeger, 1935, Lg4L; Klomp, 1968) and in none of

these is pollen known to be a critical factor in the survival

of the 1arvae. One of these 4 species, BupaLus piníarius L.,

is a geometrid tike C. pq,chAmeLa, and defoliâte s Pínus syLuestt'ís t'-

(Klomp, Lg66) r the total nitrogen present in the needles of

p. syLUestz,is is low (maxj-mum value l-.5% of dry weight) like

ogrer Pinus species (Wright and WiIl, 1958) and yet the larvae

oÍ. B. píníarius seem to thrive on this food resource.

The planting of male-sterile radiata pines may eliminate

the possiJcility of ChLenías evolving to thrive on P. v'adiata

alone. On the other hand, such plantations may exert selective

pressure that might hasten the evolution of ChLen'Las towards a

form capable of surviving on foliage alone. This last possibility

may be obviated by retaining large tracts of native forests

within plantations of male-sterile radiata pines : t]. is step

would remove the selection pressure on the polyphagous insect

to adapt to pine foliage. The retention of areas of native

forests within pine plantations has other be¡¡efiÈs which are

discussed below.
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Tt is widely accepted that unevenaged and ecologically

complex forests with substantial floral and faunal díversity are

Iess seriously affected by insect pests than those of more

homogeneous structure (Graham, 1963; Matthews, L976; U.S. Dept.

Agric., J:g77). Friend (1978) advocated that plantation management

should be directed towards tfre establishment of a mosaic of pine

stand and interconnecting areas of retained native forest. This

proposition is aimed at conservation of wildlife : Friend found

tåat blocks of native forest retained with-in plantations enal¡Ied

many of the species of manrmals and birds dependent on the native

forest to exist within tJ:e pta:rtation. Birds and ma-Inmals are,

of course, potential predators of C. pachAmeLA and their presence

in the plantation is to be encouraged.

It has been found in t]¡is and other studies (e.g. Hocking,

l:967) that the longevity of parasites are dependent on nectar

and honeydew to feed on. such food resources are scarce in a

pine plantation and Friend's proposition should increase

parasite activiþr here. Moreover, those polyphagous

parasitesunable to synchronise wil¿, ChLenías, e.g. Líssopínpla

eßceLsa., would also benefit from a mixed forest by having

alternative hosts.

Frie¡drs proposition would not entail radical changes in

current silvicultrrral practices. Already significant areas

of native vegetation are retained on plantation boundaries,

alorrg permanent streans a¡rd on steep slopes (Neumann, L979) .
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AII that requires to be done j-s to retain larger areas of

native forests adequately dispersed within pine plantations,

which is presently not being practi5ed.

It will be noted that ttre above recommendations were not

made with the sole aim of controlling the pine looper. Far

from this, ttre other benefits (i.e. increased yield of pine

timber and improved conservation of wildlife) tltat would

accrue if these recomrnendations are implemented would complement

ttre benefits resulting from the control of an insect.





Appendix I Means of daily air temperatures (oC) recorded at Noolook forest in L976, L977 and L978.

Monttr Ma>cimum Minimum å (¡tax + Min)

I976 L977 1978 L976 r977 L978 L976 r977

January

February

March

ApriI

May

June

JuIy

August

September

October

November

December

23.7 24.6 ,to 11.9 It. 9 10.5 L7 .5 18. 3

27 -O 25.4 23.I L2.5 10.5 19.8 18 .5

2L.8 2I.9 23.5 10.7 11" 0 16.3 16. 5

L9.9 18.I L9.7 8.7 15.0 L3.4

16.0 16.3 I7.2 ö 12.2 11.7

L4.3 L4.2 14. 3 10. 6 10. 6

13 .9 I3 .8 13 .3 5.0 eq, 9.5 8.9

L4-4 15. 9 13. 5 6.0 5-4 3.8 ro.2 ro -7

15.4 L5.7 16.0 7.0 5.4 (o LL.2 10. 6

16.3 18.3 6.7 <o 11.5 1a )

2L 19.3 9.I 10.6 15. I

2L.9 L2.O L2 LL.7 L7.T L7 -4

11.6

7

7

8.4

1.5

5.5

11.0

14.5

I978

16.7

16.8

L7 .3

L4.I

1) ¿.

ôo

ocr

o1

10.9

L2.L

15. 0

16.8

l0 1

4 I

0

ts
,Þ
Þ

19

20

22

3

7

3

I

3

2

5

6.8

4.0

22

t

2

Year 18.8 19.0 18.6 8.9 a.4 8.1 13.8 t3.7 13 -4
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Appendix 2 Monthly rainfall (nm) at Noolook forest.

Month t976 L977 I97A

January

February

March

April

May

rTune

July

Augnrst

Septenber

October

Noveniber

December

13.4

45.2

6.8

40.8

45. 8

80.4

64.6

6'4.6

86.4

30..6

39. I

55.2

38.0

LL.2

48.6

23.6

82.8

LLz.4

49. I

39.4

36.4

52. I

99.8

9.8

32.4

r0. 4

14.6

32..O

51.6

86. I

I3I.4

87.2

69.2

30. 6

46.6

22.8

Year 573.6 604.6 615. 6
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Appendix 3

MaIe pupae

Analyses of variance of weights of pupae of

ChLenias paehgneLa collected from Noolook at

various times during the pupal period in

1978 (see Section 3.4).

Source d.f. S. S. M-S. F P

Treatment 4

Error 95

Total

L,69L.75 r.92

881.48

> 0.05

99

Female pupae

Source d. f. s. s. M. S. F P

Treatment

Error

Total

2.39 >0.054

86

90
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Male pupae

r47

Analyses of variance of weights of pupae of

ChLenias pachyneLa collected fron Nool-ook

in 1976, L977, 1978 artd 1979 (see Section

3.4).

Source d. f. S.S M. S. F P

Treatment 3 r, 850. 16

1,754.A9

1.05 >0.05

76

79

Female pupae

Source d. f. cc M. S. F P

Treatment

Error

Total

o.46 >0.053

70

67
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Appendix 5 Analysis of variance ef 5urvival data of

Table 5.Ì (see Section 5.2.1).

Source d.f s.s M.S F

Replicate

Treatment

Error

Total

349.78 69 .96 2.33 >0. 05

926.78 463 "39 15. 45 <0. 01

299 -P.8 29.99

L7 L,576 "44

P

5

2

10
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Appendix 6 Anal.ysis of variance for survival data

of Table 5.2 (see Section 5 "2.2),

Source d.f S.S M. S. F P

Replicate

Treatment

Error

Total

222.I7

6,207 .OO

1,054.95

7 ,484 "12

44.43

t, 551, 75

52.75

0. 84 >0. 05

29.42 <0.01

5

4

20

29
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Analysis of variance of head capsule widths

of young lar¿ae fed on various diets for

2 weeks (see Section 5.2.3),

Source d.f S.S. M. S. F P

Treatment 4

Error 95

Total 99

653 , 801.04

482,97O.60

1, 136 ,77I.64

L63 , 45O .26 3 2. I5 <0. 0I

5,083 . 90
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Appendix 8 Analysis of variance of Field Experiment I

( see Section 5. 3 . I).

Source d.f . S.S. M. S. F P

Replicate

Treatment

Error

Total

9

3

134.40

382.60

373.40

890.40

14 .93 r.08 >0 .05

L27.53 9.22 <0.01

13. 8327

39
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Appendix 9 Analysis of variance of Fiel-d Experiment TI

(see Sectíon 5.3.2)-

Source d.f S.S M.S F P

19.60Replicate

Treatment

Error

Total

4

2

I

712.93

11 8. 40

850.93

4.90

356.47

14. 80

0.33 >0.05

24.O9 <0. Or

L4
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