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SUMMARY

' A two-year study of potato aphids and their natural enemies

(especially predators) hras conducted in sna11 plots at the l¡üaite

Institute and in large commercial potato fields at Milang in South

Australia. The green peach aphid Myzus persicae Sulzer was the most

irnportant and-connnon aphid in potato crops at both sites. Macrosiphun

euplnrbía.e (Thonras) was the only other aphitl found but its nunbers were

reLatj.vely low.

Populations of M. persicae declined between July and February and

reached peak nurnbers in April-May each yeaT. Weekly samples of the

crop índicated that, of the predators, the brown lacewing, Micromus

tasmaniae Walker (Neuroptera : Henerobiidae) was the rnost abundant

(ca. 90%) and irnportant. Coccinellids, chy'rysopids and syrphids occurreci

in very low numbers but nay be irnportant rvhen M. tasmaniae is scarce.

tlymenopteran parasites and entomogenous fungi (Zoopthora sp.) were of

1i.t't1e inportance during the study period.

Predator exclusi.on studies were conducted from September 1979 -

January 1980 to test the hypothesis that the main reason for the Iow

numbers of M. persieae on potato plants in spring each year was the

abundance of Iu|. tasmaníae. The results confirmed that natural populations

of M. tasmØziae alnost completely suppress populations of M. pet'sicae

in spring - early sunmer. This finding r.ras also consistent with the

abundance of the predators in the weekly samples.
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The nunbers of luj. tasmoniae were always relatively low, holever-, in

late sunrner-autumn, and in autumn M. petsicae attained its highest peak

numbers and often caused considerable economic loss if not controlled by

insecticídes.

hrhen the field relationship betr.veen M.peysieae and M. tasmaniae had

become clear, the nain objective of this thesis was restricted to test

the possibility of increasing the numbers of M. tasrnaniae so that they

could be used to colttrol M. persieae in the autumn.

In order to obtain information on the behaviour of larvae of

M. tasmcniae, laboratory studies on the mjnimum food requirernents, survival,

voracity, probability of capturing pre5 and prey preference h/ere done.

Ard experiments on the influence of prey density and temperature on

voracity were conducted in plant growtli cabinets. Further experiments

were conducted in a glasshouse to study the searching efficiency and prey

suppression as influenced by predator density and prey spatial rlistribu-

tion in a more cornplex arena. The interrelationship between these

factors that influence prey suppression are discussed.

A nethod of rearing M. tasmaniae for the production of smal1 batches

of 600-1000 eggs per day was developed. The possibi.lity of expanding

the nethod of nass-rearj-ng of eggs to produce large number of eggs on a

factory basis i.s suggested.

A special compressed air sprayer was successfully developed for

spraying eggs of M. tasmavLiae. Spraying tests conducted i¡i the laboratory

showed that eggs can be spr:ayed without danage at 2 kg/.^2 pressuïe. A

special gum (Xanthan gun) was selected as a liquid nediunr for suspending

the eggs and making them adhere to potato foliage.
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Replicatecl small-plot trials were conducted in the spring of 1980

and autunn of 1981 to test the efficacy of periodic releases of sprayed

eggs of M. tasmay¿íae to suppless the early build-up of M. pez:sícae on

potatoes. Large numbers of M. tasmrmiae rvhen released periodically

augmented the naturally occurring predator populatj-on and exerted

effective early -seasorì control of potato aphids.

The possibilities of using other methods of manipulating the crop

environment to increase the nunbers of naturally existing M. tasmøtiae

particularly in late summer-autrmn are discussed. Arnong others, inter-

cropping and rotation between Medicago sp. and potatoes as well as

planting of hedgerow tïees near the crop to provide refuges and

alternative prey are considered inportant. The role of M. tasntaniae in

the integrated pest management of potato pests is also discussed.
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CHAPTER 1

INTRODUCTION AND OBJECTIVES

The importance of natural enemies in the control of their prey

or host populations has been a subject of contention. Natural enemies

are viewed today by an increasing proportion of ecologists as highly

significant natural control factors, but there sti11 is, and will

continue to be disagreenent bôth as to their role and effective methods

of their evaluation.

In the temperate zones, aphids are probably the most important

group of crop pests and include some of the most corunon and destructive

pests of plants. Plants nay be damaged by aphids either directly by

feeding or indirectly as vectors of plant viruses. The green peach aphicl

sometimes ca1led the peach-potato aphid, Myzus persieae (Sulzer) probably

is the most funportant pest of crop plants and of potato on a world-wide

basis. Because of its abundance each season and the incidence of virus

infection, M. persicae can be a limiting factor in the production of seed

potatoes in South Australia and many other parts of the world.

Potato growers at Milang, South Australia have previously tried to

grow theiT ott/n seed potatoes but were discouraged by the high incidence

of aphid-borne virus diseases, the nost inportant being the potato leaf

ro11 virus (PLRV) which is transmitted on1-y by M. persieae. The rising

cost of insecticides, which are ineffective in preventing the spread of

PLRV, plus the increasing cost of buying, transporting and storing seed

potatoes have strengthened the need for an ecological assessrnent of the
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role played by the natural enenies in regulating the changes in the popu-

lations of potato aphids, mainly I'1. persícae in South Australia.

The extensive literature on the abunclance of M. persicae and its-

natural enemies in various cïops overseas indicates that natural enemies,

especially predators, have often been impo::tant in lj.niting aphid

numbers (Inaizumi, 1968; Sha.nds et aL., 7972ei lr{ackauer and I\Iay, 1976)

and they have been judged to possess great potential i¡ integrated Pest

nanagement- proglarns for potatoes in the Uirited States of Anerica

(Shands et aL., L972a,b,c; IVhalon and Snilowitz, 1979).

I therefore investigated the phenology. and abundance of the major

predators, parasites (parasitoids) and entomogenous fungi attacking

potato aphids, nainl-y 14. pez,sicae, in large cornmercial potato fields as

well as small potato plots over a peri.od of two years.

The nain objectives of these field investigations were to determine:

(i) whether there hlas any period of the year when the abundance

of lt1. pe?sicae was usually sufficiently low to a1low the

growing of seed potatoes with nlininal risk of infection with

PLRV.

(ii) why the numbers of M. persicae seerned to be unusually low in

the spring of each of the last five yeaÏS prior to thi.s study.

In relation to objective (ii) described above. one of the more

reliable potato growers at lr{ilang, South Australia said that when he

first novecl into the area ancl started groling potatoes in 1965, for three

years he had no problens with aphid infestations and virus diseases.
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Fronr 1966 to 1973 he was troubled with varying degrees of aphid outbreaks

and potato virus diseases which occurred in the spring (Septenìber'

October:, Novernber) and in the autunn (March, April, May). However, in

the last five years, M. persicae had not been troublesone in the spring

(Mr. Lance Chaplin, 7978, personal communication).

To interpret the trends in nunbers of aphids and predators in the

field investigations, a number of related studies were clone. These

included:

(i) the measurement of the impact of naturally occurring pre-

dators on M. persicae on potted potato plants;

(ii) the measurement of the adverse effects of insecticidal

sprayings on field populations of potato aphids, mainly

M. persieae and the associated predators;

(iii) the biology and use for pest control of the brown lacewing,

Míeranus tasmaniae. (Wal ker) .

To expand on (iii) above, *torlg the predators of M. pensicae ín

potato fields in South Australia, the brown lacewing, M. tasmartiae

(Neuroptera : Hemerobiidae) seened, early in the study, to be the most

abundant and most important predator. The significance of hemerobiids

as aphid predators seems to have been generall,y neglected. In California,

U.S.A., Hemez,obíus pacifiez.¿s Banks and I/. oualis Carpenter are the only

predators which may help delay the aphid populations increase in aLfalfa

(Neuenschlander et aL., 1975). In Australia, M. tasmæ¿iae was considered

by Maetzer (Ig77) to be the prj-ncipal predator of rose aphid, !ûacrosz.p\wn

Tosae (L.) in the spring and its biology wàs studied by Samson and Blood

(1979 and 1980).
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Many other types of predators have been manipulated from pest

control, e.B. periodic inundative releases of coccinellids for controll-

íng M. persicae on potatoes (Shands et aL., L972c) inundative releases

of chrysopids for controlling M. pensieae on glasshouse chrysanthemums

(Scopes, 1969), and ínundative releases of chrysopids for controlling

bollwonns and tobacco budworms attacking cotton plants (Ridgway and

Jones, 1968 and 1969). However, the potential value of hemerobiids,

particularLy It|. tasmcmiae, has not been investigated. In this thesis,

the possibility of utilizing insectary reared M. tasmaniae eggs for

periodic releases to give early control of M. peTsieae attacking

potatoes was investigated.

It is hoped that the results reported in this thesis will contri-

bute towards an understanding of the role of natural enemj.es of

M. persicae in potato fields and encourage their use by augmentation

and/or conservation of numbers in integrated control programs so that

growers in South Australia nay produce their own seed potatoes.
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CHAPTER 2

REVIEI^I OF LITERATURE

2.7 Aphids Infesting Potatoes

Worldrn¡j-de, four species of aphids may occur on potatoes. These

are the buckthorn aphid, Aphis nasturtii Kaltenbach; the foxglove aphid,

AuLacov,tVwm solani Kaltenbach; the potato aphid , Maerosiphntn a,ryhorbiae

(Thomas); and the green peach aphid, Myzus persicae (Davies, 1932;

BaId et aL., 1946; Shands and Sinpson, 1959; Diaber, 1963;

McGillivary, 7979; Byrne and Bishop, L979).

The green peach aphid, 14. persicae is probably the most important

insect pest of potato, SoLøtwn tuberosum (L.), on a worldwide basis

(Mackauer and Way, 7976; Cancelando ancl Radcliffe, 1979). Some species

of aphids infesting potato crops are encountered more often than others,

depending on locality, clirnate, host plant distribution, and other

ecological factors. In Washington, U.S.A., 95eo of the aphids founds on

potatoes are M. persicae (Tainaki and Weeks, 1972). In Australia,

Macrosípltwn euphorbiae was reported to conprise the greater part of the

aphid populations on potatoes with I/. persieae usually occurring in

snall numbers (Norris and Bald , 7943).

The general infestation by different species on different parts of

the potato plant have been studied by nany workers (Davies, 7932;

Donca.ster and Gr:egory, 1948; Broadbent, 1955; Woodford, 1973).

Different species of potato aphids shorved different distributions on the

potato plant because of the influence of different microclimate
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preferences as well as food preferences; e.g. M. persícae prefers r

growing or senescing leaves to mature ones (Kennedy et aL., 1959).

The aphids usually begin infestations on the lower leaves (Snith, 1919;

Simpson, L932; Jacobs, I94I; Doncaster ancl Gregory, 1948; Bradley,

1952) or ground canopy leaves (Bald et aL,, 1950) and spread upwards to

the middle leaves as the lower leaves becone sertescent (Taylor, 1955

and 1962). Broadbent cited that, in France in 1951, Bonnenaison found

nost ¡/. persicae on the middle or upper leaves (Llroadbent, 1955).

Other species of potato aphids also showed nicroclimate and food pre-

ferences. M. euphorbiae was found main11' on the basal leaves and the

upper tips of tho shoots (Bald et aL;, 1950). Bradley (1952) noted

tíat M. ettphoz,biae was numerous on the upper leaves in the cool morning,

but hras less so on hot and dry afternoons. A. nastuz,tíi by contrast,

usually congregated towards the base of the plant (Brad1ey, 1952).

Fidler (1949) reported that the distribution of M. persieae within a

potato plant in an average field to be such that 41%, 36eo and 23% of

the population were from the lower, niddle and upper leaves, respectively.

ln Australia, the two nain species of aphids occurring in the

potato fields near Canberra (Norris and Ba1d, 1943; BaId et aL., 1946

and 1950; Helson, 1958), in Queensland (Bartholonew, 1981) and in South

Australia (F.D. Morgan, unpublished data) are M. persicae and

M. eupharbiae" Another species of aphid , AuLaeortVum solcmi, whj-ch is

known as a najor pest of potatoes overseas, has also been reported to

colonise potatoes in Australia (He1son, 195E).
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2.2 M. pe?s¿cae and Potato Virus Dj.seases

M. persicae is repolted as a najor vector of wcll over 100 díseases

of plants including crops such as bealrs, sugar beets, sugat cane,

'brassicas, citrus, tobacco and potatoes (Keänedy et aL., L962; Powe11

and Mondor, 1973; Cancelando and Radcliffe, 1979). This aphid is

also known to be a vector of several virus diseases of potatoes, the

most inportant being potato leaf ro11 virus (PLRV). There is now general

agreenent that M. persicae is the species which is generally responsible

for the dissemination of PLRV in potatoes (Davies , Ig34; Kennedy et aL.,

7962; Close, 1965). One or two indivicluals only of. M. per.sicae a-re

sufficient to ilansmit PLRV from an infected to a healthy plant (Smith,

Lszs).

Spring migrants of alate M. per.sieae usually arrive in potato crops

free of potato virus (Broadbent, 1953; Close, 1965), but will spread

vj.ruses from diseased foci within the crop as they frequently fly fron

plant to plant feeding and depositing nymphs (Broadbent, 1953). The

pattern of PLRV spread has been correlated with aphid dispersion (Bishop,

1968) and the incidence of PLRV rvith aphid numbers (Broadbent, 1950;

Bishop, 1965; Byrne and Bishop, 1979a). ÃIaI--e M. pez,sícae which are

bred on the crop are unlikely to move as frequently as the spring rnigrants

(Broadbent, 1953). In general, the extent of virus transmission and

spread within a crop depend Targely upon the mrmbers and movernent of

aphids, which in turn depend closely on the weather (lrlurphy antl Loughnane,

7937). In addit.ion, the variety, age of healthy and infected plant, and

fertility of the soil have been known to affect the ease with ruhich potato
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viruses spread (Ross et aL., L947; Doncaster and Gregory, 1948;

Broadbent, 1952; Kassanis , 1952). The same factors may operate

during the dispersal of potato aphids in surnrner, when the virus nay be

spreacl fron field to field (Davies and Whitehead, 1938; Btoadbent et

aL., 1950).

Leaf ro11 virus is known as a persistent or circulative virus.

Persistent viruses are ret.ained for rnany days; frequently for the life

of the aphid. Aphids take 24-48 hours of circulatíon time to pick up

the virus from a diseased plant and an equally long period of tirne to

infect a healthy plant (Smith, 1929; Kassanis , L952; Webb et aL.,

L952; C1ose, 1965). The likelihood of acquisition of virus increases

with increasing duration of the feeding period on diseased plants. A

latent period (= circulat-ion tine), which varies considerably in

duration for different viruses, occurs before ånsnission is possible
,.

(Swenson, 1968; Sylvester, 1980). During this latent period, the

vectors rnay be kil1ed with insecticides or biotic agents such as pre-

dators and transnission thus prevented (Smith, 1-951; Close, 1965). Cln

the other hand, non-persistent or stylet-borne viruses are acqr-rired

optinally in brief probes of 10-60 sec. duration. The proportion of

aphids acquiring viruses decreases with a longer acquisition period.

Non-persistent viruses nay be transmitted inmediately, i.e., without a

latent period (Swenson, 1968; Sylvester, 1980)"

PLRV is a tuber-borne vj-rus and up to 35% ancl of the tubers of current-

season plants infected with t-he virus may be infected, and most of these

tubers will develop the syrnptoms of net necrosis (or phloern necrosi.s)

(Knutson and Bishop, 1964; Bacon et aL., 1976). The virus clisease may
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reduce the qirantity and/or quality of the crop produced. The yield of

marketable tubers nay be recluced by 50-100% in the case of plants growing

fron tubers infected with PLRV (Shands and Landis, 1964). Van der Wolf

(1964) cited estinates of yield decreases ciue to leaf ro11 infection, as

calculated by several authors, ranging from 7.5 to 84%. Leaf ro11

virus disease is also the cause of degeneration or breakdown of several

potato varieties and the main reason for rejection of lines of these

varieties for seed certification (Close, 1965).

2.3 General tsioloey and Host Plants of lul. petsicae

M, pæsica¿ occurs throughout the world on a wide range of host

plants and is presumably adapted to a great diversity of environments.

Its 1ife cycle varies both within and between regions in relation to the

widely differing climates it experiences. However, very little is known

about the exact nature and significance of the intraspecific variation

(van Enden et aL. , 1969). Life cycle variation, involving clifferences

in the rnethod of overwintering, is a significant feature of the biology

of M. persicae in every continent throughout the world. The aphids

overwinter either as parthenogenetic forms on secondary host plants

(anholocycly) or as fertilized eggs on the primary hosts (holocycly).

The kind of life cycle has profound effects on the ecology and genetics.

of Ì,t. persieae populations (Mackauer and Way, 1976)-

The conplexities of M. pexsicae ts life cycle in any one locality

have been studied by many workers (iVarcl,)'934i

Ossianilsson, 1959; Cognetti , L967; and revj.elved by van

Emden et aL. (1969) and by Mackauer and Way (1976). The life cycle
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involves production of ovipaTae, fundatrices, firndatrigenae, alate

migrants on the prinary host, and apterous and alate virginoparae,

¡nales and gynoparae on secondary hosts (van Bnden et aL.,1969). In the

temperate regions, winged inmigrant gynoparae of M. persieae reach the

primary host (Prunus sp.) at a well-defined time in autumn (Ward, 1934:,

Newton et aL,, 1953; Scho1l and Daiber, 1958).

fn Australia, oviposition occurs in late autumn (May) on peaches

and nectarines and, as in other temperate zones, the eggs overwinter in

diapause (lVard, 7934; Helson, 1958). The duration of developnent of the

eggs is approxinately 55 days. Hatching occurs during nid-winter (Ju1y)

and early spring (Septenber). The newly hatched nymphs are ca1led

fundatrices, and their progeny (fundatrigenae) are born and develop to

naturity on peach (Prwrws pez'sicae). In the third generation of the

fundatrignae, winged forms of the aphid begin to occur and their

frequencies increase until all adult aphids are winged. At thi.s time,

the aphids begin to f1y from the primary woody hosts to secondary

herbaceous plants including weeds and food plants like potatoes. Such

nigratory flight usually occurs in the spring and often lasts fr,¡r several

weeks (Davies, Ig32; Ward, 1954; Helson, 1958; Heathcote, 1965)- In

Australia, the period of spring rnigration varies slightly in clifferent

places due to differences in the weather patterns. tfughes et aL. (f96É1)

suggested that the normal builcl-up of the f'fíghts of various species of

aphids including M. persieae occurring between August and November narked

the start of the spring migration period. Helson (1958) Teported that

M. pexsícae rnigrated fron peaches to potatoes in Canberra in late October

or early Novernber. During the summer months the aliencolae, rvhich are

initiated by the sp::ing migrants on the seconclary food plants, give rise
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to several viviparous generations. The winged rnales and wingecl sexual

fenales do not arise until the returnmigration to the peach is about to

take place in autumn (Davies, 1932; IVard, L934i Helson, 1958;

Heathcote, L966).

M. persieae may also overwinter as active stages on crops, weeds

or in sheltered situations such as glasshouses (Doncaster ancl Gregory, 1948;

Broadbent, 1953) and on stored beets and potatoes (Heie, 1954) in regions

with mild winters where the average nonthly naxinum temperature in winter

exceeds 10oC (van End.en et aL, , 1969) . Anholocycly rnay be comrnon for

M. persieae populations in most parts of South Australia e.8., at Murray

Bridge, where Maelzer (personal comrrunication) found M. pexsicae on

glasshouse capsicuns in August. The overwintering host plants for the

active stages of M. persieae include cruferous crops (Chamberlin, 1950;

Fisken, 1959a; Lowe, I962i Daiber, 1965); potatoes (Broadbent, 1946;

Banerjee and Basu, 1956); beets (Dickson and Lairrd, J:r, 1962); peach

hursery stock (Batra, 1955); ancl weeds (Heathcote, 1963).

In the warm temperate and tropical regions, the hot dry srrlrmer

season, as is experienced in South Australia, is the most hazardous period

for survival of M. persícae, both in ter:ms of scarcity of suitable host

plants and of high temperatures. Mean daily maximun temperature above

2BoC will prevent developnent of trL.persícae (Ba1cI, 1943; van der Plank,

1944; Bodenheimer, 1957; Barlow, 1962). In South Africa, M. persi.cae

populations almost disappeared when the mean daily maximum tentperature
o

reached 52 C (van der Plank, L944). In Aust::alia, aphids including

14. persieae become scarce or disappear from pota.toes with the onset of

hot, dry summer weather (He1son, 1958; M.Carver, personal communication).
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Sna1l populations of M. persicae probably survive the sumner on weeds and

other wild plants (lul.Carver, personal conm¡nication), or in gardens where

a wide lrange of exotic plants are grown under irrigation (lrlaelzer, lg81).

2.4 Predators of M" persicae

Many natural enemies of M. persieee have been reported but there
ìtis still little quantative data on their ecology and value in controlling

the aphid. Van Enden et aL. (1969) cl.assified natural enemies of

M. persicae into two categories:

1) generalized predators about which 1ittle is known, and

all parasites and many pathogens, for which aphids forn

the nain or sole food of the predaceous or parasitic stage

of the life cycle.

2)

The predators of M. persicae are represented in 13 insect fa¡rilies

including anthocoridae, cantharidae, ceccidomyiidae, charnaeyiida.e,

chrysopidae, coccinellidae, hemerobiidae, miridae, nabidae, pentatomidae,

s¡rphidae (van Enden et aL.,1969; trfack and Smilowitz, 1980),

nalachi.idae ${ackauer and Way, 1976), staphyliniclae (Mack and Smilorvítz,

1980), two families in the Order Ananeida (Mack and Snilowitz, 1980) and

one farnily in the order Acarina (varr Emden et aL., 1969). At reast 2L

species of artlrropod preclators of û1. persicae were found on potato

foliage in Pennsylvania, U . S .4" (lufack and Smilowítz, 1980) .

The amount of work which has been done on different groups of

predators of M. persicae varies rvidely. A survey conducteri ín 1972

indicated that coccinellids ha<l been studied ntost, followed by Neuropterans,
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h
Syrphids, IJeteropterans, Cefcidonyiids (= Itonidids), Aracnoids,

Chamaenyiids and Malachiids in descending order Olackauer and l\ray, I976).

While rnany workers thought that predators played an important role

in the regulation of M. persieae numbers

(Stathopoulous, 1967; Inaizumi, 1968; Tanaki et aL., L967; Shands eú

aL., I972e),other-s were sceptical about the inpact of predators on

M. pensicae populations (Evenhuis, 1968; Oatman and Planter, 1969;

Dunn and Kernpton, 1971.; Galecka and Kajak, 1971). Shands et aL. (I972e)

concluded fron the analysis of 51 populations curves of M. pexsieae and

M. euphorbLae that predators and entomogenous fungi were chiefly

responsible for initiating decreases of the aphid populations.

Sorne of the comnron predators of M. persicae which have been subjects

of intensive studies in attempts at biological or integrated control

include CoccineLLa septempunctate (Shands et aL., I972e) PropyLaea

quatuot"decirnpunctata (Rogers et aL., 1972) , Harmoniq, afrAr¿dis (Voronia,

f968) , CoccineLLa trøtst)et,soguttata (Shands et aL., L972e) Hippodønia sp.

(tlagen et aL., I97I; Shands et aL., 1972) and CoLeomegíLLa maeulata

(Mack and Snilowitz, 1980). T'hese species are all coccinellids.

Chu,ysopa caÍ¿nea is the only chrysopid predator of M. persieae which has

received intensive studies on biological or integrated control of

M. persicae (Shands et aL." I97b). By contrast, little is known of

hemerobiids as predators of aphids other than those in lucerne fields

(Neuenschwander, I975i Cameron et aL", 7979; Syrett and Perunan, 1980), roses

(Maelzer, 1977) and cotton (Samson and Blood, 1979) and very little
ìt

quantative data on their ecology are available. In part-iculat, no
,\

previotrs attempts at biological or integratecl control of. M. petsicae
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have been made. This study on M. persicae on potatoes in South Australia

includes an attempt to use the brown lacewing, Llicrornus tasmaníae for

integrated control of the aphid,

2.5 The Brown Lacervings

The brorr¡n lacewings (llemerobiidae) are sDread over the world and

occur in all najor ::egions and continents and even on isolated islands

in the oceans. More than 80 genera and 600 species have been described

but several genera have falleu into synorìymy (Tjeder, 1961).

Henerobiidae have received much less attention as control agents

than Chrysopidae, although bot-ir farnilies are widely distributed in nost

geographical regions. Recent surveys have shown that Hernerobiidae are

often rnore diverse than Chrysopidae, and are usually srnaller and have a

high proportion of rrarer species [New, 1975).

Many hernerobiids are found on tal1er vegetations such as conifers

and many exhibit prey specificity 1i-niting their value for control work

to sinilar specialized situations. On the other hand, some hemerobiids

(rnany Mícrorm,ts and Drepanaena) f-requent 1ow vegetations and could be of

great value for use in nany a-groecosystems (Ki11ington, 1936; Tjeder,

1961; New, 1975).

The comrnonly knolrn genera include Bot'íomyia, Dnepaneptergæ,

Dyshemerohius, Hemerobius, M'Lcnormts, NotobieLT.a, Pseetra, Syrnpherobius,

Sisyr.a, Drepanacra, MegaLontina, Caronius, PsyehobieLla and MegaLonus

(Bank, 1909; Killington, 1936; Carpenter, 1961; Tjeder, 1961; New,

1e7s).
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The genus Hemerobi.us, particula'rLy H, pacificus Banks, is the most

con¡non brown lacewing along the coast of California, U.S.A.

(Neuenschwancler, 1975). It is the only cornrnon and active predator in

artichoke fields in California to be considered an irnportarit control

agent for aphJcls under cooler conditions (Neuenschwander and Hagen, 1980)

and has a potent-ial for periodic releases very early inthe growing season

when other predators are sti1l inactive (Neuenschtvander, I976).

The genus lticz,orm,Ls has 19 synonym.s (Tjeder, 1961). This genus

has a worldwide distribution. Many species occur in Asia and are well

represented in the Hawaiian islands, rnany islands in the Pacific and in

Australia. Miet,ornus tasmartiae was first described by Walker (1860).

Its generic complexity was synonymised under Mierorm,Ls by Tjeder (1961).

The species is natíve to Australia and is also found in New Zealand,

New Hebrides, New Caledonia, Chathan Island, Antipodes and Auckland

Island (lVise, 1973). Hilson (1964) studied the ecology of M. tasmaniae

in New Zealand and disc.ussed the possibility of mass releases of the

predator eggs for aphid cont::oI. Also, in New Zealand, lu[. tasmaniae

is the only specj.es of predator corrnon through spring and su¡nmer in the

lucerne fields and appeared earlier tha.n other aphid predators (Cameron, et a7.,

1979; Syrett and Penman, 1980).

In South Australia, M. tasmaniae is one of the major predators of

the rose aphid, MacrosipVnm rosae (L.) (Maelzer, 7977) in the spring,

and the spotted alfalfa aphid, Therioaphis trifolL¿ f. macuLata (Buckton)

(Ting et aL,, 1978). In Queensland, M. basmoytiae is an inportant

predator of Aphís gossgpií and eggs of HeLtothis sp. attacking cotton

plants (Samson and Blood, L979). It has also been repor[ed as an important
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predator of lucerne aphids in Tasmania (Brieze-Stegenan, I97B), in
t

Vir:toria (Ridland and Berg, 1978), and in New South Wales (IVaters and
I

Doniniak¡ 1978; Forrester, 1978). M. tasmattiae has been considered

to be the only species which consistently occurred earlier than other

preclators because it can withstand lower temperatures ancl can find

aphids at very 1ow prey densities (lrfaelzer, L977; Milne, 1978). It

has been found very abundant in the spring (Forrester, 1978) and in the

summeï (Brieze-Stegeman, 197S), appeaïs to have very few natural enemies

(Milne,1978), and has the greatest potential for aphid pest control in

Australia (lvlaelzer, 1977).

Despite these indications that M. tasmaníae nay be an important

predator of aphids in Australian crop systems, no work has previously

been done to eluciclate the role, or to encourage the use of M. tasmaniae

in the biological or integrated control of insect pests in Australia.

2.6 Cument Methods of Controlline M. persicae on Potatoes

Atternpts to prevent the spread of potato vir-uses by controlling

the aphid vectors so far have been unsuccessful or only partially success-

ful. Chenical control, while effective on a short-term basis, has hte

obvious disadva.ntages of producing insecticide-resistant clones when

applied frequently or in large doses. There is evidence of frequent

j.nsectj-cide-induced aphid resurgences caused by the clestruction of

natural enenies as well as the aphids (Peterson, 1963; Radcliffe, 1972

and 1973)

Cont-rol of potato aphjds by nethods other than chemical ones are,

horvever, diffj-cult. Mackauer and IVay (1976) concluded that data collected

frorn all over the worlcl suggest that econonically acceptable biological
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control of. M. persicae as a virus vector by pronoting the existing

natural enemies after the aphids had reached the potato crop is yet to

be proven. Horvever, peak numbers can be limited by predators on

occasion, especially where the aphidrs rate of increase is low.

Indigenous parasites, even without reduction in numbers by hlperparasites,

produce rather insignificant mortality in M. persícae populations. Work

on parasites night therefore concentrate on the potential of using

tforeignr races and/or inundative releases rather than on the preserva-

tion of existing biological control agents.

Fungal attack also appears too sporadic to hold out much hope for

biological control, though the development of new strains or of new

technologies for disseminating artificially introduced fungi night change

the situation. There v/ere no signs of fielcl mortality from F.rngal

attack early in the season, even in damp rveather, arrd in general

M. persicae populations viere too sparse to make satisfactory targets

(Mackauer and IVay, 1976).

Predators, on the other hand, apPear to be surprisingly important

in several diverse areas. There seems a real potential here to control

the size of the aphid peak by predators. Non-specific Predators t{h.ich

can build up i-n numbers independent of the aphids may exert control

early ín the season when aphid numbers are 1ow, or later by inundations

(Shands et aL., I972c; Mackauer and Way, 1976).

Mackauer and Way (1976) stressed that non-crop or alternative crop

plants nay be profitably used to accelerate the inpact of biological

agents on gÌeen peach aphid populations.
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Coccinellids would appear potentially the most valuable predators,

but there is a real need for more rvork to be done on the lesser known

but inportant predators, in particular aphidophagous ceccidomyiids,

henerobiids, beetle larv:e, predatory rnites and spiders (Shands et aL.,

L972e;.Mackauer and lVay, L976).

The nost inportant need is for the development of an integrated

control program, with the rnain objective of reclucing the numbers of virus-

carrying winged aphids (Bacon et aL., 1976; Mackauer and lVay, L976;

Cancelando and Radcliffe, L979; Whalon and Smilowítz, 1979). The

International Biological Control Progran work on M. persicae which began

in 1967 has identified two aspects of the aphid's life history and

population dynanics that are relevant to contTol and should be examined

in more detail in the light of integrated control. The first is host

plant resistance and second is that of life cycle and biotype variations.

Horrrever, in developing an integrated control progran (integrated pest

nanagenent) against M. pensicae, natural enernies, host plant resistance,

environmental manipulation, and insecticides can all be useful components.

A pilot integrated pest management program for M. pez'sùcae on

potatoes was initiated in Pennsylvania, U.S.A. Anong others, the

objectives of the pïogran included reduction of the usage of insectícides

and conservation of natural enemies of Iu|. persicae (ltlhalon and Smilowitz,

1979). From their three years of field studies on the interaction of

insecticides, M. persicae, and natural enemies, they were able to

develop a computer forecast system for predicting current year field

populations of M. persieae. Through the use of a selective aphicide,

natural enemies of M. persícae coglcl also be conserved.
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In New ZeaLand, on the other hand, prevention of spread of PLRV

was achieved by controlling M. persieae on potatoes through a combina-

tion of available control methods .such as applícation of granular

insecticides, late planting, and roguing of diseased plants. Through

the integration of these control nethods, natural enemies of M. persicae

were conserved and their actions enhanced (C1ose, 1965).

There is little doubt that an integrated colrtrol program developed

for potato aphids in South Australia would be welcomed by the potato

growers and its clevelopment could make a contribution to the ecology of

M. persicae in South Australia and to our knorr'ledge of the interaction

of predator and prey.
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CHAPTER 3

GENERAL MATERIALS AND METHODS

3.L Growing of potato plants

Growing of potato plants from tubers (seeds) in the glasshouse

Two-three weeks prior to the start of the experirnent, potato (var.

Exton) seed pieces (with 2-3 eyes per piece) were planted 2-3 cn deep

in 15 cm (in diarneter) black plastic pots containing a recycled'

University of California soil mixture. The planting rate was 1 per pot.

The plants wele allowed to grol{ in a glasshouse under natural light

until they reached an average height of 8-10 cm. The plants hrere

watered once a day and when necessary. A few days before the start of

the experiment the stems were thinned to one per pot.

GroWing of potatO plan_ts fyon ShôO! cuttings in the plant g.rol'rth
cabinet

One week prior to the start of the experiment, cuttings (2.5 to

3.0 cn long) of terrninal and auxillary shoots of potato plants grovring

in the field were obtained and'rooted in the following manner. After

suitable shoots had been selected, they were carefully cut as near to

the base as possibl e, using a clean and sharp Tazor blade. The end of

the cutting was then moistened with distilled water and dipped its lorver

1.0 cn in Serodixß) No.2 rooting powder [active constituent z 3 g/xg

4-indol -3-yI butaric acid (0.3% w/w)] " Excess powder was shaken off

and the cutting was plantecl 1.0-1,5 cm deep in a snalt plastic pot

(5 cn x 5 cm x 6 cm) filled lvith ver'miculite. The cuttings were then
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placed ín the 25oC plant growth cabinet for the roots to develop. In

every case the total nurnber of cuttings collected fron the field was 25%

¡nore than the nunbers required as some of the cuttings failed to root.

3.2 Culture of Mgzus persieae

A stock culture of M. persíeae was maintained in the insectary

throughout thís study. ft was necessary as a source of insects of high

viability ancl reproductive capacity for use in experiments at different

times and for experiments at a tine when the aphids are very scarce in

the field. This method of culture hras particularly useful because

M. persicae becomes abundant on potatoes in the field in South Australia

only in autumn. The insectary culture was started nunerous times r4rith

field-collected apterous adult M. pez,sieae. Usual1y, adult M. persieae

were collected from uncrowded colonies developing on potato plants.

However, at times when M. persieae were absent fron potato plants, they

were obtained from other crop plants and even weeds.

The aphids v/ere reared on clean potato ttrifoliatesr (a trifoliate

here refers to a potato leaf with only the ter¡ninal and two irunediate

basar leaflets) c. Exton. Usually ten newly noulted apterous adult

14. pez'sica.e vtere carefully placed on the surface of each leaflet by means

of a camelrs hair brush. To keep each trifoliate fresh for at least

seven days, its petiole was subnerged in water after it was inserted

through a hole (10 nrn dianeter) in the lid of a plastic vial (35 rnm x 50 nm)

containing tap hrater. A srnaIl cot.ton plug u/as used to cushion the

petiole against the side of the hole and to hold the 'trifoliaterupright.

The vial plus the ttlifoliater were then placed inside a rearing
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cage (Figure 1) which consisted of an inverted 1.S-litre round container

(as the top part) and a 15 nn (diameter) plastic or glass petri dish

(as the base). Two ventillation holes (45 nrn diamet.er each) opposite

to each other were nade on the sides of the container. Another large

ventillation hole (70 mm diameter) was made on the top. All the three

holes were covered lvith very fine voil to prevent aphids fron escaping.

Adult aphids were tTansferred to a new trifoliate contained in

clean rearing cages every day. All adults were discardecl after seven

days when they were growing less fecund and the trifoliate had started

to yellow. All aphids were either discarded or used for feeding pre-

dators as soon as the trifoliates statrtecl yellowing. The water level

inside each vial was maintained by adding tap v¡ater every day.

The ternperature inside the insectary was maintained at 23 ! 2oC.

A bank of ten 80 watt flourescent tubes and one 60 watt incandescent

bulb were naintained to provicle artificial lighting during the 16 : 8 LD

photophase. The relative humidity rangecl between 55 to 75 percent.

A routine progïam of rnaintaining an insectary cul.ture of M. persíeae

was maintained. Frequently, adult aphids had to be removed fron the

leaflets to prevent crowing and to slow down deterioration of the

leaflets. The insectary culture r^/as renewed at the beginning of every

autumn with new apterous adult aphids collected from the field. 1'his

was done to ensure that t-he problems of loss of viability and reproductive

capacity in a continuous insectary rearing of insects h¡as rnininised

(Bec.k and Chippendale, 1968; Bol1er, 1972). This method of rearing

M. persicae on potato trifoliates not only allowed a continuous supply



Figure 1: Ty¡les of rearing cages used in this study:

A. Predator oviposition unit used for
routine insectary production of eggs.

B. Aphid-rearing cage for routine insectary
culture of aphids on potato ."trifoliatetr.

C. A typical cage for'experinents conducted

- in the pl4rrt, gïowth cabinet (gection 5.5).

D. Predator and parasite exclusion cage;

Closed cage (left) and open cage (right)
(Section 4.3).
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of aphids but also provided a large nurnber of aphids of the desired

instars at any time.

3.3 Culture of. Mie:r'orm'ts tasmaniae

Many specj-es of Chrysopidae and Henerobiidae are easity reared in

the laboratory (Finney, 1948; Tulisalo and Korpela, 1973) and the

major problems when rearing large numbers are cannabalism, and the

provision of an adequate supply of prey.

The brown lacewing, M. tasmøtiae was reared in the insectary on

aphid prey, which was usually M. pensieae, but other aphids wer.e used

whenever M. pez'sieae became scarce. The predators l^¡ere not given food

other than live aphids.

The insectary culture of M. tasmøtí'ae was started by first

collecting adult lacewings in the field. The best time to collect adults

in the fj.elcl tvere during spring and early sunmer when they were most

abundant. Adults wele easily collected by beating potato plants and

branches of bushes over a beating tray (Killington, f937)

Individual a.rlults were kept separately in plastic vials (45 mn x

0
25 rrun). Each via was closed with a plastic lid and venti

\
Lfatíon was

provided by naking a circular hole (10 nm diameter) in the lid and

covering it with copper-mesh. Adu1ts kept in such a container carr be

transported over long distances with adverse effects. In the insectary

they were transferred to oviposition units.

The insectary culture of M. tasmørtíae served two main purposes:
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a)

b)

to provide adequate supply of predators for use in various

experiments, and

to nass-produce eggs for field release studies.

All rearings of M. tasmoniae were done in the same insectary room

where M. pet,sieq.e were reared.

Oviposition unit

The oviposition unit (Figure 1) consisted of a 350 nl cylindrical

clean plastic cup (100 nn high x 85 urn in top dianeter). At the top, a

cotton cloth (usually brown) ü¡as stretched and held in place by a snug-

fitting 85 mn plastíc petri dish with three round holes (35 mn dianeter

each) cut into it. The dark coloured c1oth, on which the eggs were 1aid,

allowed the white or pinkish eggs of M. tasmaniae to be more' easily seen.

Water for drinking was supplied by placing one end of a short length of

absorbent cotton ro11 (40 nm long x 10 mm diamter) into a wire l.oop ancl

wetting it with distilled water until saturation.

Eggs which were collected on the cloth tops were inc.ubated in a

25oC constant tempeïature room.

Incubation unit

Eggs collectecl olr cloth from the insectary culture were removed

wlren needecl by methods described in Section 3.2.3 below. Scnnetirnes, in

order to avoj.d cannabalisn among the larvae, each egg was then placed

individually in an íncubation unit, which Ìùas a glass tube (50 lnm x 5 mrn

diarneter) plugged with cotton wool at the open end.
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Larval- unit

After the newly hatched larvae had left their egg shelIs, they

were transferred to a larval rearing unit. Not more than 10 larvae

were kept in each unit which consisted of a L20 nI cylindrical paper cup

(50 nn x 70 nm top diarneter) covered with a 75 rnrn glass petTi dish as a

lid. Every day, the larvae were carefully transferred, using a soft

camelrs hair brush, into a clean unit. Excess amounts of live aphids

were given to the larvae by brushing the aphids off the leaves and

scattering them inside the 1arval rearing unit.

Just prior to pupation, two pieces of 40 rnm filter papers folded

along the middle to forn roof-like structures were placed in each unit.

The folded filter papers acted as shelters and support for the pupa to

climb and brace itself for the stretching process and thus reduced

fatalities in rearings (Smith, L923). A snall ball of cotton wool

saturated with one or tlt¡o drops of distilled water was also placed in-

side the larval unit during the pupation period to provide enough

moisture and to reduce fatalities among the pupae (ibid).

Adults upon emergence $¡ere removed from the larval unit and

transferred to a clean oviposition unit by means of a mouth-operated

aspirator. The aspirator consisted of a plastic vial (80 nun x 35 nm

diarneter) as a collecting chamber, a rubber stopper fitt,ed with a 5 nm

(internal diameter) and 3 mn (intenral diameter) glass inlet tubing

and a plastic outlet tubing respectively. Adults vreTe supplied with

live aphids in a manner described for larvae.

The follorving laboratoly experiments and observatíons were carried

out to ensure that the methods used for tire production of eggs for use
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in later laboratory, glasshouse and field experinents were reliable-

3.3 .L Dietary requirements of. aduli- M. tasmøtiae

Introduction

The brown lacelings are predaceous in both larval and adult

stages (Snith, 1923; Wil]iam, 1927i Laidlaw, I936i Killington,

L937; Tjeder, 1961; New, 1975; Samson and Blood, L979; Syrett

and Penman, 1981). By contrast, adults of sorne green lacewings

are not predaceous, but utilise yeats and honeydew as a staple

food (New, 1975). The adult of CLwysopa oeuLata Say is predaceous

and it will not mate and oviposit eggs unless the adult has

consumed live prey (Tauber and Tauber, 1973). I therefore

conducted the followi.ng experiment to determine whether rnales or

females of M. tasmaniae require nutrients other than sugar in order

to nate and whether nutrients hlere required nai-nly to pronote egg

development.

Materials ând lufethods

In this experilnent, each predator, after adult emergence,

was placed in a clean oviposition unit in a portion of which were

tr.vo cotton rolls, one soaked in distilled watel and the other in

a 15 percent s¡crose solution. I/Í. persícae, reared on potato

trifoliates, weïe supplied daily to the predator in the conbina-

tion of treatilents noted in Table 1.

All aclult predators remainecl on their respective diets for

5 days prior to pairing. Eight hours prior to pairing, aphids
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1
Table 1: Diets given to females and males of M. tasmøtiae

ltumber of
pairs

Sex of each
pair

Aphids given
or not given

(*)
(-)

3

3

3

3

rnale

f e¡nale

¡nal e

fenale

male

fenale

nale
fenale

+

+

+

+

1 Rtf adults were also fed with basic diets of 15% sucrose
and water.
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were removed in order for the lacewings to stop feeding, thereby

lessening the chance of sugar-fed adults receiving nutrients frorn

the excrements or regurgitation of aphid-fed adults (Tauber and

Tauber, 1973). Tìren the females and the males were paired and

each pair kept together for 5 days. During this tine they had

access to only sugar and water. 0n the sixth day, a fresh supply

of live aphids were fed again to the adults in all the treatments.

Eggs oviposited on the cloth of the oviposition units were

counted daily and all adults were transferred to a clean ovi-

position unit at the same tine. The adults r^/ere allowed to

remain in their units for three nore days before the experiment

was terminated.

Results and Discussion

Results of this experiment are shown in Table 2 which shows

that oviposition occurred mainly when fenales had access to aphids

prior to pairing. Each of these females oviposited within a few

hours.

Mating was observed in all replicates when females were fed

on aphids prerriou-s1y but only two females in the other treatments

nated and they then laid very few or no eggs. Deprirring the

rnales of prey did not alter the incidence of rnating arrd egg taying

(2nd diet). Females on the 3rd and 4th diets failed to ovíposit

any eggs even when 1ì-ve prey were supplied to them from the sixth

day onward" The results agree very closely with those of Tauber

and Tauber (1973) for Chrysopa ocuLata. Sinilarly, C. perLa

females require prey in order to rnate but, by contrast, C. perLa.
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'labLe 2'. Ìfuinber of eggs laid by females of M. tasmaniae per day when
fed on test diets for first 5 days and fed on aphids in all
treatments from Day 6 to 8 after pairing.

Days after pairing

Diet Rep. 12345 678

MaIe and
fenale -
with A+5

I
II

III
Mean

I
II

III
Mean

I
II

III
Mean

I
II

III
Mean

00

18

I
T2

8

4

L7

20

6

11

0

0

0

0

3

1

5

0

0

1

5

I

0

0

0

29

5

32

22.00

55

3L

50

38.67

I .00

0

1

0

0.33

5

6

7

0

0

0

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

19

39

2L

40

23

2l

s4

55

61

56.67

111

56

62

7 6.33

0

0

3

1 .00

0

I
0

0.33

0n1y
fenale
with A+

Only
male
with A+

Neither
female nor
male
with A+

23

9

L3

7

11

4

15

11

11

5

2

0

0

0

0

1

1

1

0

0

2

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

I
0

0

1T = Tot"l; 2GT = Grand Total; 3A* 
= Aphids given.
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males require protein prior to mating (Phil1ipe, \970, as quoted

by Tauber and Tauber (1973)). The difference in the grand total

number of eggs laid by females between the lst and 2nd diets r,ras

not significant (t test, P>.05).

3,3.2 Influence of colour of substrate on egg oviposition

Introduction

The eggs of most species of brown lacewings are easily

obtained by keeping fernales in captivity (Srnith, 1923;

Killington, 1936). The eggs are glued to many substrates, such

as leaves or other supports, and they adhere firrnly by means of a

cement secretion (Smith, I923i Killington, 1936). Captive

Miø,ormts uinatseus never oviposited on the glass sides of their

cages, rarely on the green leaves of sugar cane, but conmonly upon

cotton wool or cloth (Wi1lian, 1927). So, in place of leaves,

trvigs, etc., loose cotton wool has been used as an oviposition

sibstrate (Neuenschrvander, 1975 and 7976; Sarnson and tslood , 1979

and 1980; Neuenschwander and Hagen, 1980). The disadvantages of

cotton wool are that it gets soiled by aphid excretions, and

counting eggs in it is nore difficult if the eggs are laid deep

insicle. In this study, f usecl a piece of cotton cloth, as

described in Section 5, as the oviposition substrate. Si.nce nany

of the eggs may be taid on the upper part of the oviposition cage

or nuslin cloth, the favourite resting place for adult ltiierorws

uaz.i.egatus (Dunn, 1954), this nethod rvas found suitable for

Miez,orm,ts tasmaniae" I used a brovrn coloured cloth from the beginning

because of its dark colourat-ion in contrast to the eggs; ancl I
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conducted an experiment to test hrhether the colour of the cloth

had any influence on oviposition by females.

Materials and lr{ethods

This experinent was conducted in the insectary room under

t.D. 16:8 at 23 ! zo1. Adults that were used came frorn the

insectary culture and rvere 2l days old. Live rose aphids,

MaerosipLwm voaaes were'fed to the adult predators because Myzus

persieae was not easily available at i"hat tine.

At the start of the experiment, one adult female was placed

in an oviposition unit the top of which ri¡as covered with cloth of

four different colours narnely, brown, green, red and black. Each

day, starting at the same time, eggs laid on the cloth in each of

the three replicates were counted and recorded. Each adçlt female

was then transferred to a clean oviposition unit. A fresh supply

of rose aphids was given to the predators every other day. The

experirnent üras terminated after a L2-ð.ay period rvhen egg production

by the females decreased verl' rapidly,

Resul.ts and Discussion

Results of this experiment are presented in Table 5.

Analysis of varj-ance of ntunber of eggs laid per fenale M. tasmaniae

per day showed that there rùas no significant difference (P>.05)

among the four colours of substrates tested (Appendix Table 1).

' The mean number of eggs obtainecl in this experiment was

sliglrtly lower than usual because older fenales (27 days olcl-) were
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Table 3: Mean numbe:r of eggs laid by M. tasmaniae females on
ctoth substrate of one of four different colours.

Mean no. of esss /fema]-e/day

Colour of cloth Rep. I Rep. II Rep. III OveralL

Brown ts.7 1s.6 8.6 L3.3

Green 19.3 L0.2 15. 5 15. 0

Red ts.2 L3. I 13. 9 L4.L

Black 15. 9 Ll.2 11 .8 13. 0
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used. Fecundity of fenale M. tasmaníae has been observed to

decline after 2L days after emergence when reared at 25oc in the

insectary (see Section 3 .3'.5).

3.3.3 Longevity and Fecunditv of F emales M. tasmaniae

fntroduction
-tFs

The longest known life for adult Henerobii<lae does not

exceed twelve months, and in the majority of species is consider-

ably less than this (Ki1lington, 1936). rnagines of many species,

however, appear to live for several months i.n nature, and early

observations in the field indicated that females live longer than

rnales (ibiá) .

Many species have been held in captivity for many weeks e.g

MegaLonws ÍrLrtus and sytnphez,obLus fuseeseens (íbLd. ), Hemey,obius

stigma and syntpvez'obíus pagmaeus (withyconbe, 1922 and, 1923), and

in Australia, adult Microrru.s tasmaniae survived over 5 months at

22'26oc and 27 days at 28oc (samson and Brood , rg1g). 0n the

other hand, williams (rg27) reported that one female Mderomus sp.

only lived for 5 days and laid 558 eggs.

since females usually live a long time but a few individuals

sometirnes díe after only a few days, the number of eggs laid by

females varies considerably. The highest nunber for an inclividual

is 619 eggs over 18 days for a fenale Mievorm,ts uinaceus Gerst

(= timidus FIag.) (wi1liarns, tg2Z) bur usually the number of eggs

la.id seem to vary from 50 to more than 600 (Tjeder, 1961).
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Samson and Blood (1979) reported that fenale M. tasmaníae

continued to oviposit above 10 eggs per fenale per day for nuch of

the tine over 3 months in an insectary with tenperatures ranging

from zzoc to 26oc.

As part of the routine prograrn of culturing M. tasmaniae,

a sfunple experinent was conducted to determine the longevity and

fecundity ofl fernales raised in the insectary and of females

collected fron the field.

Materials and Methods

TüIenty insectary-reared adults were obtained from eggs pro-

duced in the insectary culture, and 5 field collected adults were

obtained by beating potato plants above a beating tray in the

fields at Waite Institute and Milang, South Australia.

This experiment ran between January 2L and March lB, 1979.

The insectary females emerged at different times and. were a1lotted,

as they energed, to one of the four replicates each of which had

different numbers of adults. All adults in one replicate were

kept in one oviposition unit. Each of the five field-collected

adults were kept in similar oviposition units. Males were then

intro<luced into each oviposition unit in the same nulnber as females

All adults r^¡ere kept in the insectary room under L.D. 16:8 at

constant 23 + 2oC.

Eggs were counted daily and clean oviposition units were

used every day. Live M. persicae obtained from the insectary
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culture rvere fed to adult predators. A1l observations were

continued until the .last fe¡nale had died.

Results and Discussion

The results, given in Table 4 and Figure 2, show that the

rnean nurnber of eggs laid per fenale per day for field-collected

adults r{as more than twj-ce those laid by females reared ín the

insectary. Since the ages of the field-collected females were

not known, the total number of eggs pr:oduced by then would have

been much higher.

At least tr^Jo reasons may be suggested for the higher number

of eggs laid by the field-collected females than the insectary-

reared ones. Firstly, the latter nay have declined in vigour

because of mass-rearing in culture in the insectary, Bo11er (I972)

gives many such exampl.es. Similarly Rossler (1975a) reported that

field-collected fenales of Ceratitis eapitata (Weid) had higher

net reproductive rates than those females that had been reared j-n

the laboratory; and laboratory nales of C. capitata had a lower

insenrinating ability Obid)" Secondly, the higher density of

insectary reared aduits per ovi.position unit may have increased

conpetition and fighting intensity between males and thus reducing

the efficiency in fj.nding mates (Bo1ler, 7972); or else there may

have been interference with oviposition.

The insectary-reared females of M. tasmaniae were found to

live as long as 36 days but egg production cleclined rapidly after

2 weeks at ZsoC. It was not possible to determine tTre actual
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Table 4: Reproductive properties of field and insectary
adult fenales of M. tasmøtiae.

Source
of

fenales

Number
of

fenal es

Mean pre-
oviposit ion

period

Mean no.
of eggs
per female

Mean
f enale
longevity

Mean fe-
cundity
per
femal e

(days) per day (days )

Insectary 20

Field 5

r.7s 7 .80

L6.70

27.30 27L.30

22.70 548.80



Figure 2: Mean longevity anci fecundity of insectary

reared (o---o) and field-c-ollected (c---c)

females of M. tasmattiae,
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longevity of the field-collected fenales. From the trend in egg

production of the field-collected females (Figure 2), the longevity

of the fenales is estimated to be close to that of the insectary-

reared fenales.

In this study, the insectary colony of M. tasmøtiae was

maintained for a long period in order to increase the efficiency of

mass rearing. Periodic addition of newly collected adults of

M. tasmartiae to the insectary colony and replacenent of the entire

insectary colony lvere practiced throughout the study period.

These neasures are necessa::y in order to prevent barriers to

introgression that nay affect every phase of the reproductive

process for nating and F, breakdown (Rossler, 7975a).

3.3.4 Removal of eggs af M. tasmaníae from cloth substrate

Introduction

Normally in the field the eggs of M. tasmaniae and other

hernerobiids are laid on the underside of leaves, twigs or bark of

plants. Usually, the eggs are 1aicl singly, but larely tv.¡o or

three may be in contact. The bottom surface of the egg is placed

in contact with the leaf or other support, and adheres firnly by

means of a cement secÌeted by glands l'¡hich open into the vagina

(Kil1ington, 1936).

Henerobiid eggs are much more difficult to remove fron sub-

strates than the stalked eggs of chrysopids, and a suitable nethod

of removing eggs of M" tasmaniae is vital for the production of

healthy and viable eggs. Prior to this study very 1itt1e has
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been published on methods of removing and collecting eggs of

brown lacewings. Other workers who have naintained cultures of

M. tasmaniae (Sanson and Blood, 1979 and 1980; Syrett and Penrnan,

1981) or other hemerobiids, e.8., Hemerobtus pacificus

(Neuenschwander and Hagen, 1980) do not mention how the eggs ürere

removed fron the ovíposition substrates.

Methods have been developed for collecting the stalked eggs

of chrysopids but those methods obviously do not work for

M. tasmaniae, and so it was necessary to try nethods that have

been used to get other (non-stalked) insect eggs off substrates

(e.g. Helíothis Ðirescens on cotton leaves), such as the use of

sodium hypochlorite (Hall et aL., 1980). Eggs of Chz'ysopa sp.

have been successfully renoved from cloth by irnmersing eggs in

21 percent sodiun hy¡rochlorite solution (NaC10) for 4 seconds at

24oC (Finney, 1950). Ridgway et aL. (1970) replaced the cloth

with brown paper which served as a site for oviposition. To remove

the stalked eggs they rubbed a loose ball of nylon netting gently

across the egg-bearing paper. The stalks of the eggs were thereby

broken and the loose eggs were then easily collected. Similarly,

the imnersion of HeLíothis t:irescens eggs in 0.025 percent NaClO

solution for a period of 15 minutes di<l not destroy the chorion

of eggs (FIaIl et aL., 198 0) .

The following laboratory experiments were conducted with

sodiurn hypochlorite to try to develop a safe nethod of renoving

eggs of M. tasrnqniae fron cloth or potato leaf.



39.

Materials and General Methods

Four experiments were conducted fron May 3-3L, 1979 at a

roon temperature of 22oC. All eggs oviposited on cloth and on

potato leaves were obtained from an insectary culture as described

in Section 3.5.

A stock solution of NaC10 (containing 73% available chlorine)

was used throughout, and required test solutions were obtained by

diluting the stock with distilled water.

At the end of each experintent, egBS were rinsed thoroughly

in distilled water and were transferred to sna1l glass tubes (50 mm

x 5 nm dianeter) and incubated. at a constant 25oC under L.D. L2zL2

photophase.

Before inmersing the eggs in a test solution, a snall piece

of egg-bearing cloth or leaf with 20 eggs was cut out. A test

solution was then poured into a snall plastic petri dish, the egg-

bearing cloth or leaf material was cornpletely innersed in the test

solutíon and was left submerged for a specified tine. In the

check (control), eggs were immersed in distilled water on1y.

The nu¡nbe:: of eggs re¡noved was determined at the end of each

inmersion period, and the number of eggs that hatched in each

treatnent was determined over a period of 3 days'after the first

egg hatched.
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Experinent 1

Airns and Design

The ain was to find out whether or not sodiun hypochlorite at 0.01,

0.1 or 1,0% would remove eggs ofM. tasmaniae fron cloth and potato leaf

when innersed for periods of either 1 or 3 minutes.

Results and Discussion

The results, given in Table 5, indicate that there were no obvious

differences in the hatchability of eggs following inmersion in any of the

solutions of NaC10. However, only the 1% NaC10 renoved some eggs when

the substrates were inunersed for 5 minutes, nanely 30 percent from the

cloth and 10 percent frorn potato leaves. The percentages of egg hatch

(70-100) were high for all concentrations of NaC10 for both 1 and 3

ninutes imrnersion tine.

Experi.nent 2

Airns and Design

Ttre highest concentTation of NaC10 was increased to 5% and the

longest inmersion time was increased to 10 rninutes. The treatments üIere

either 3 or 10 minute immersion in 0, L or Seo NaC10.

Results and Discussion

The results, in Table 6, shorv that all the eggs could be removed

from the cloth by either increasing the irnmersion tine to 10 minutes or

j-ncreasi¡rg the concentr:ation of NaC10 to 5%. However, the 5% NaC10

caused complete failure of all the eggs to hatch, and so tvas omitted in
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Table 5: lfumbers of M. tasmaniae eggs (out of 20) that were
rernovecl from cloth and potato leaf (in parenthesis),
and that hatched following irnrnersion in sodium
hypochlorite solution (Expt. 1).

I¡nmersion
tine

Concentration of NaCl0 (e")

0 0. 01 0.1 1.0

Number of eggs rernoved:

1 ¡ninut e 0 (0) 0 (0) 0 (0) 0 (0)

3 minutes 0 (0) 0 (0) 0 (c) 6 (2)

lfuinber of eggs that hatched:

1 ¡ninute 20 (18) L7 (1e) 1s (18) L7 (14)

3 ¡ninutes 17 (20) 20 (20) 16 (20) 1e (18)
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Table 6; lfuinbers of. M. tasmaniae eggs (out of 20)
that were removed fron cloth and that
hatched following irnmersion in sodiun
hypochlorite solution (ExPt . 2).

Imnersion time Concentration of NaCl0 (%)

0 I 5

Nurnber of eggs removed:

5 nrinutes 0

10 ninutes

Nurnber of eggs that hatched:

3 ninutes 20

10 ninutes 20

200

t2

19

20

20

0

0L4
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subsequent experinents. Ãt L%o NaClO, there ü¡as no significant reduction

in hatch after 3 ninutes irunersion time but fewer eggs hatched (X2 = 4.gS

with 1 d.f., P<.05) following irnnersion for 10 ninutes. So experiments

v¡ere continued with the 1% NaC10 solution

Experi-¡nent 3

Airns and Desi

The 1% NaC10 solution was used again and an internediate time of

inmersion of 6 ninutes ulas also tried to give either 3, 6 or 10 minutes

innersion in each d.f. 0 or 1% NaCl0 solution. In addition, the age of

eggs was also varied so that each treatment was applied to groups of

l-day and 5-day o1d eggs.

Results and Discussion

The results, shown in Table 7, indicate that the nurnber of eggs

removed at L9o NaC10 was nearly as high for 6 minutes immersion as for 10

ninutes immersion for both l-day o1d and S-day o1d eggs. But all the

S-day o1d eggs and nearly all the 1-day old eggs hatched after 6 minutes

inrnersion, whereas a significantly (X2 = 2.98 with 1 d.f., P<.10) smaller

number of l-day o1d eggs hatched after 10 ninutes irunersion in 1% NaC10.

The results suggested that 6 ninutes i¡nmersion in I% NaClO would both

remove all or most of the eggs and also a11ow all or nost of then to hatch.

However, one last experinent hras conducted to deterinine if the NaC10

could be dilutcd further.



44

Table 7z Numbers of 1-day and S-day old (in paren-
thesis) eggs (out of 20) of I'1. tasmqtiae
that were rernoved from cloth that hatched
following irunersion in sodium hypochlorite
solution (Expt. 5).

Concentration of NaC10 (%)

frrnersion tine 0 1

I.ùurnber of eggs removed:

5 minutes

6 minutes

10 ¡ninutes

Number of eggs that hatched:

5 minutes

6 minutes

10 ninutes

0 (0)

0 (0)

0 (0)

1s (1r)

18 (le)

20 (20)

1e (1e)

le (20)

L2 (16)

20 (18)

20 (18)

20 (1e)
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Experirnent 4

Ains and Desisn

Tlre treatments were 6 or 10 ninutes imnersion at 0, 0.2s, 0.50'

0.75 or 1.00 percent NaC10.

Results an<l Discussion

Results, presented in Table 8, finally demonstrated that eggs of

M. tasmaniae that were on cloth could be irnmerseci in either I ot 0.75eo

NaCIO for 6 to I 0 minutes without their viability being seriously

affected, but fewer eggs were rernoved after 6 ¡ninutes in 0.75% NaC10.

In conclusion, for the routine removal of eggs fron cloth, hence-

forth eggs were inunersed in I% NaC10 for 6-10 minutes. They were then

rernoved from the NaC10 solution and rinsed in distilled water.

3.5.5 Storaqe of eggs of 14. tasmaniae at various temperatures

Introduction

Because of limited space, tine, and labouI, mass production

of. 14. tasmaniae eggs¡ on a factory basis, $ias not possible in this

study. Eggs could only be produced in batches of small nunbers

(averaging 600 per day per 30 fernales). Wj-th such smal1 numbers,

a nethod was needed to store eggs for long periods of tine until.

the accumulated nunbers were large enough for field release

experinents.

Enbr:yonic development may of course be slowed down if freshly

laid eggs ar:e kept at a tenperature which is slightly above the

lower threshold of developnent for the eggs. And eggs of many
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Table 8: l.üumber of M. tasmwtiøe eggs (out of 20) that
urerfe removed fron cloth and that hatched
following inmersion in sodium hypochlorite
solution (Fr:cpt . 4) .

Irrnersion
time

Concentration of NaCl0 (%)

0 0.25 0.50 0.75 1.00

0

lfuinber of eggs that hatched:

lfumber of eggs removed:

6 ninutes

10 ¡ninutes 0 0

6 ¡ninutes 18 18

10 ninutes 19 20

0 4

11

l2 t7

L7 L7

19 18

L7 18

20

20
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species of insect pests, as rve1l as beneficial ones (parasites and

predators) can be stored for 3-4 weeks at tenperatures of 4-10oC

ürithout killing the embryos (Snith, 1966).

Since very 1ittle information had t-¡een published regarding

the influence of tenperatures on the hatching of eggs of

M. tasmaniae when this study was begun in May, Ig78, a laboratory

experinent was conducted to select the appr:opriate temperature

for long-term storage of M. tasmaniae eggs.

Materials and Methods

Eggs of M. tasmaniae were obtained fron the insectary stock

culture as clescribed in Section 5.3. All eggs wete 24 hours old

or less.

Tu¡enty eggs were assigned to each of the six ternperature

regimes namely Soc, 10oc, lsoc, 2ooc,25oc and 50oc. All were

under L.D. L2zt2 photophase with the exception of the soC regime

where eggs were incubated in darkness.

Each egg was placed in an incubation unit a.s previously

described in Section 3,3, Individual eggs were examined once

every 24 hours to see if they had hatched. When rnost (902") of

them had hatched, further observations on the unhatched eggs were

rnade for only another 7 days. Since none of them in the SoC

incubator had hatched at the 40th day, they hlere transferred to

the 25oC room for hatching.
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Results and Discussion

Results, presented in Table 9, show that normal hatching of

the eggs was observed at all the tempeïatures except soc. It is

not known how long the eggs will remain viable at 5oC. More than

half of then (out of 20) hatched when transferred to the 25oC room

after 40 days.

Eggs of M. tasmaniae ancl other brown lacewings have been

repoft.ed to have extrenely lol lower thermal thresholds. The

lower thernal threshold for M. tasmøtiap, eggs varied from 0.1oC

(Sanson ancl Blood, 1979) to 4.8oC (Syrett and Penman, 19Bl) while

for Hemerobius pacifieus it was reported to be 0.4oC

(Neuenschwander, 1975) .

For future use, eggs obtained in large numbers were usually

transferred innedi ately to 5oC and were kept at this tenperature

for 30 days or less.

3.4 Sanrplins. Trappine and Extraction Methods

3.4.1 Samlrlins of aphids and their natural enemies

This section cleals with the rnethods of sampling potato aphids,

rnainly M. pensicaeo and their natural ene¡nies in this study. Field

sanples were necessary to obtaín the mean densities of aphid a.nd

natural enemy populations, and to get populatj.on trencls in large

commercial fields and in sna11 plots.

Sampling of insect populations may be either extensive or

intensive. Extensive sampling usually is used to survey Iarge areas,
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Table 9: Flatching of eggs of M. tasmaniae at different
temperatures (n = 20).

Temperature

(oc)

Incubation period
(daYs)

Per cent

hatched

5

50

10

1s

20

25

40

15

7-8

5

4-s

3

551

90

100

100

100

90

1
indícates that eggs were hatched at 25oC.
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while intensive sampling stïesses the continued sampling of a

population through ti¡ne within a smaller area or plot (Morris,

1960; Strickland, 1961).

Several workers have concluded that no one sarnpling method

will be suitable for all insects because of the different

habitats and life stages that should be sampled. In this study,

I was only concerned rvith intensive sampling.

Sampling of potato aphids at Milans. South Australia

Several methods have been described for estinating aphid

abundance on potato plants. In nost of them the aphids are

counted while they are on the leaves. Davies (1934) described

one of the first nethods of sampling and estirnating aphid popu-

lations in potato fields; he counted the aphids on lower leaves

chosen at random, and expressed the population as aphids per 100

leaves. Since different species of aphids on potatoes differed

in their distribution on the plant; to obtain a better est,j-mate

of the population, Sinpson (1940) modified Daviesr nethod and

counted the aphids on equal nunber of leaves selected at rarrdorn

from the top, middle and bottom portions of the plant.

Other workers used various rnethods of selecting leaves from

the sanple but continued to express the population per certain

nunber of leaves (C1ose, 1965; Powel1 and Mondor, I973; lVoodford

et aL., 1977t Whalon and Smilowitz, 1979).

Other nethods of expressing aphid nu:nbers include nunbers

of aphids per 50 or 100 haulms (Woodford e-t; a.L.,I}TT) or per 100 hi11s
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(Hi1le Ris Lanbers, 7972; Mackauer and Way, L976; Woodford et aL., I7TT)

Rradley (1952) conpared estimates of population nurnbers as aphids

per 100 leaves, aphíds per plant, and aphids per unit leaf area.

He found that where the areas of leaves and nu¡nber of leaves per

plant were similar in all plants, populations expressed as per

100 leaves were comparable. Expressing the population as aphids

per unit leaf area elirninates differences due to leaf size that

occur when the population is expressed as aphids per 100 leaves,

but differences in plant size and the distribution of species of

aphids on the plants may make cornparisons between varieties ¡nis-

leading (Bradley, 1952).

While most workers have been concerned with the different

nethods of sampling and estimating aphid populations on potatoes,

Anscombe (1948) dealt with the statistical problem of estinating

the changing nunbers of aphids per plant in a field of growing

potatoes. The S-leaf nethod was found to be accurate enough for

most practical purposes (Ansconbe, 1948). The procedure is:

a) to classify the leaves on each plant into 3 categories

namely, upper, middle and lower;

b) to select a fixed number of leaves of each category at

random.

To measure the accuracy of the S-leaf nethod of sampling

aphíds on potatoes, Anscombe (1948) produced a sfunple approxinate

expression which he called the estimation error (E):

[i ,i + þ[=
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wheïe m = average aphid count per leaf; N = number of plants;

and k = index of aggregation associated with the negative binomial

distribution which describes the dispersion of the aphids per unit.

Using Davies (1934) data, Ansco¡nbe ObLd) estimated that,

at a 1ow level of aphid infestation (n = 0.4), the estirnation error

was + 37%i a high infestation leve1 (m = 2.0) gave an error of I

22eo.

Sanples from South Australia

In this study, I have used the 3-leaf nethod of estinating

populations of aphids in potato crops. Sarnples from a large

cornmercial field were taken at Milang, South Australia (about 120 lm

south-east of Adelaide) from Septenber 1978 to June 1980.

Samples were taken every fortnight during the period July

to February and weekly duling March to June. The frequency of

sampling was increased in the latter period because the aphids

begin to colonize tlìe potato plants in nid-March, reach peak numbers

in nid-April and decline in numbers at the end of June-

A rectangular sampling area of approxirnately 2 lla. in size

was rnarked out within any field to be sampled. The area includecl

the edge as well as the centre of the fie1d. If the field was

only slighter larger than 2 lna, the entire field was sampled.

The sampling area was then sub-divj.ded into 16 equal-sized sub-

divisions or strata. From each of 15 strata, 2 plants l'üere

randomly selected, and from the 16th stratum (cho-sen at random
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beforehand), 3 plants were randomly selected. Each sample plant

was selected by using random numbers on a 2-dimeni;ional grid.

This nethod of stratified randon sanpling has been considered very

efficient in mj.nìmizing variance because it ensures a satisfactory

spread of sampling units over the fie1d, and it usually leads to a

gain in precision (Finney, L94I; Yates an<l Finney, 1942; Healy,

L962; Lyons, I964i Kuehl and Fye, 1970i and East, 1980).

Three leaves - one upper, one niddle and one lower - were

taken from each plant, giving a total of 99 leaves per sample.

During the early period of plant grohtth and very light aphid in-

festation, 40 or 50 plants were sampled. For these samples, I have

still expressed the counts of aphids and other insects as per 99

leaves.

Sanpling potato aphids at Waite In.stj.tute, Adelaide

Commercial variety rExtonr potatoes u/ere planted into small

plots measuring 10 m x 10 m at the Waite Agricultural Research

Institute (W.A.R.I.) Adelaide- Sampling of aphi-ds and natural

enemies began in June 1978 and finished in JuIy 1980. Unlike the

Milang samples, sanples were taken every week tlrroughout the potato

growing period.

The sane 3-1eaf nethod of sampling and estinating aphid

populations rüas employed as at Milang- However, srnaller size

sarnples (ranging from 50 to 60 leaves) were taken on each sanpling

occasion from one plot. Plants were selected at ra¡rdom using

random nunbers as described previously.
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Sampling of natural enenies

Lord (1968) has suggested rdual-purposer sanples whereby

the sampling unit is common to both predator and prey species and

encompasses representative proportions of the habitat of each.

.In this study, counts of predators (mainly eggs), parasitized

aphids and diseased aphids h¡ere necessarily nade on the same sample

units used for estimating nunbers of aphids because of the

inpracticality of taking different sanples for natural enemies.

However, a special nethod of sampling adults and larvae of the

brown lacewing, M. tasmøtíaer was enployed at the beginning of the

second crop period (1979-80). BasícaIIy, it involved beating the

plant foliage over a beating tray so that the predators fe11

straight into the tray and could be counted.

The beating tray consisted of a piece of clean white plastic

sheet (65 cn x 65 cn). It was held below and to one side of a

plant and the plant was vigorously shaken three tines. Since

adults of most species of lacewings, including i4. tasmaniae vri\I

feign death and drop off the plant when disturbed, this beating

tray method was very efficient for sampling adults. The larvae of

M. tasmaniae were also easily dislodged and sarnpled in this manner.

3.4.2 Trapping of alate M. pensi.cae

fntroduction

Trapping is one of the relative nethcds of estj-matj.ng numbers

of insects. In spite of the great difficulty in interpreting
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relative population estinates, such estimates are extensively used

in arrimal ecology and economic entomology. Trapping nethods, in

particular:, are useful because they collect specimens continuously,

providing a large return of infornation for a relatively small

amount of effort.

Basically, traps may be divided into those that a.ttTact

insects in some way and those that catch insects randomly. A

strict division is irnpossible as some traps, e.9., some water and

sticky traps, are interrnediate in position (Southwood, 1.966).

lVater traps have been used extensively to trap alate aphids (Broadbent,

1948; Eastop, 1955; Lamb, 1958; Fisken, 1959b; Evand and Medler,

1966; Landis , 1972; Sandvol and Cunningham, 1975; Bacon et aL.,

1976; Byrne and Bishop, 1979). Usually, they are simple ptastic

or metal bowls or trays filled with water to which a snal1 quantity

of detergent and a preservative have been addecl (Southwood, 1966).

Omission of the detergent may reduce the total catch, e.g., of the

sugar-beet root naggot, letanops nyopaeformis which was reduced by

nrore than half (Harper and Story, Lg62).

a)

The advantages of water traps as compared to sticky tt:aps are:

the insects that are caught are in good condition for identi-

fication, because the catch is easily separated, and

when a population is sparse, a water trap wi1l rnake cat-ches

when a sticky trap will not, for aphids at least (Heathcote,

1es7).

b)
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Heathcote (1957) compared the efficiency of ye11ow cylindrical,

yellow flat sticky traps, watel tlaps and Johnsonrs suction traps.

He found that water traps caught rnore aphids than sticky traps and

were as effective as suction traps.

The efficiency of water traps in catching flying aphids

depends on sever.al factors such as trap background (Landis , 1972),

height of traps above ground (Heathcote, 1958; Landis, 1972) and

size of bowl (Costa and Lewis, 1968).

The main purpose of setting up water traps in this study

h¡as to get an indication of the g¡eneral flight pattern and time of

aphid imrnigration into the field. It v¡as thought that'the data

gathered from trap catches throughout the year would be useful in

alerting groweïs to the existence of darnaging field populations

in the field at the tine of sanpling. Such data have even been

usef-u1 in predicting aphid popula-tion trends, o.8., Byrne and

Bishop (1979) found that nurnbers of alate M. persieae caught in

wateï traps in potato fields had the highest correlation with

adjacent field populations because the aphids collected rvere

migrating out of the field rather than into the field. A1so,

water traps have been useful in comparing relative M. persieae

numbers among potato producing areas and anong years (Sandvol and

Cunningharn, 1975).

The field experiment reported here was conducted to study

the efficiency of the water traps as influenced by the nature of

the trap background surface and crop age. Its outcome v/as expectecl

to provide useiul guidance for the operation of water traps through-

out the field survey perioJ"



57.

Materials and Methods

The experiment was conducted at the Waite Institute, Arlelaide.

The experirnental aÌea 'hras 10 m wide and 30 n long and was subdivided

into 3 equal-sized plots, each measuring 10 n x 10 n. The three

plots (4, B and C) were arranged within a ror\r and adjacent to one

another'. Plot A was planted with potatoes (var. Exton) on

January 22, 1979, and was designated as o1d crop, Plot B was

planted next to Plot A rvith the same variety of potatoes on

March 3, 1979 and was de.signated as young crop. Plot C which was

adjacent to Plot B was bare ground.

Two yellow bowls (30 cn diameter and L2 crn deep) were placed

in the middle of each plot and were 3 m apart. The distance

between traps in adjacent plots was 10 ¡n. Each bowt was supported

by a netal framelvork which was fixed to the ground so that the base

of the bowl rvas 30 cm from the ground. This height lvas chosen

because water traps placed at 80 cm or lower ancl leve1 with the top

of the plant, consistently catch more aphids than at grouncl l.evel

(Fleathcote, f958) " Heathcote (1958) also re-

conmended that hrater tTaps over bare ground should be as low as

possible. The chosen height was, therefore, a c.ompromise and it

further avoi<led the necessity of having to adjust the trap height

as the plants grew.

The bowls rvere fille<l to wi.thin 4 c¡n fron the top with water

and provisj-on for drainage of excess water was provided b1'two

scteen-covered holes (15 crn diarneter) made on opposing sides ancl

2.5 c.m below the rim. A ferv drops of cletergent was added to the
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vrater. All traps were ernptied once a week and the aphids were

collected by pouring the contents onto a fine voil sieve.

Trapping was begun on April 4, 1979 and terminated on

May 25, L979. This trapping period was selected to coincide with

the najor period of rnigration of alate M, persi.eae into potato crops.

Results and Discussion

Results of this experi.ment are presented in Table 10. The

nean numbers of aphids caught against the 3 backgrounds over the

whole 7 week period were obviously different, with bareground >

young crop > old crop. The results were analysed with x2 to

further test whether bareground > young crop and young crop > old

crop for each of the 7 weeks. The x2 v"l.r", given in Table 11

indicated that, incleed, bareground gave a higher catch than young

crop for each of the 7 weeks, and young crops gave a higher catch

than o1d crop, every week except the last one.

It nay be concluded that the efficiency of yellol water

traps for M. persicae depends in part on the nature of the trap

background surface. The presence of crop plants obviously reduces

the nunber of alate M. persieae alighti-ng to the traps, with a

young crop seemingly being more attractive to the aphids tha¡r the

old crop because of the amount of soil surface between the plants

that is exposed. Sinilar trends in trap catches were obtained by

Landis (r972).

For future use, all water traps rvere located against a back-

ground as near as possible to bare soil."
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Table 10: Ìfumbers of alate M. persieae cauglnt in each of two ulater
traps (Rl and R2) placed over three different trap back-
grounds; data for 7 weeks ending on the dates given.

Week
anding
(date)

01d crop Young crop Bare ground

R1 R2 Nfean Rl R2 Mea¡r R1 R2 Mean

t3.4 .79

2A .4.79

27 .4.79

4 .s.79

11.s.79

1B .5.79

2s.5 .79

1s 16

10

0

1s. 5

9.0

0.5

6.5

23.5

4.s

16.5

I

L

66

L7

11

18

4L

24

L7

40

20

10

17

10

53 .0

18.s

10.5

13.5

37.5

20.5

13. s

103

59

23

60

100

76

35

111

52

25

73

109

65

25

107.0

45. s

24.0

66.5

104.s

7 0.s

30. 0

49

s4
27 20

9

34

L3 20

Mean 10.86 23.86 64. 00
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Table 11:
)

Sumnary of X- (Chi-square) analyses to test
differences in the nurnbers of aLate
M. persicae caught by water traps placed over
three different trap background surfaces
during 7 weeks ending with the given dates.

Weekending

(date)

2
X values (1 d. f . )

O1d crop
VS

Young crop

Young crop
vs

Bareground

73.4 .7I

20.4.79

27 .4.79

4.5.79

11.5.79

18.5.79

25.5.79

**
20.52

x1
6.56

**')
9. 10

*
4.90

*
6.43

LO.L2

0.30

**

L8.22

11. 38

5. 28

4.L7

34 .48

27.s8

6.26

**

**

**

*

**

**

*

Totar yz
(s d.f.)

** **
s7 .93 L07 .37

1*

2*x

inclicates significant differerce (P<. 05)

indicates highly significant difference (P<.01)
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3.4.3 Extraction of M. pet'si,cae from potato leaves

Introduction

Live aphids are often difficult to shake from foliage, and

when rapidly ki11ed may re¡nain attached to leaves by their stylets.

They sonetimes, however, can be removed with relative ease.

Heathcote (1972) described several nethods of extracting aphids

and other sma1l insects from leaves, stens, soil, plant roots and

surface trash by using slow actiStoxicants or anaesthetics,

gradients of light and heat, or brushing and inprinting.

Most of these methods require spec.ial apparatus and are

tfune-consuming. I, therefore, developed a very sinple method of

extracting aphids from potato leaves using heat. The method

depends on aphids readily leaving leaves which have lvilted.

The following laboratory experinent was conducf-ed to

deternine what conbination of tenperature and duration of exposure

would give the highest percentage of apliids leaving or dropping

off the leaves without rendering the aphids unídentifiable.

Materials and lt{ethods

Pot-ato rtrifoliatesr infested with M. persicae were obtained

fron the insectary culture. An unknown number of aphids (of rnixed

instars) were a1lotr¡ed to remain on each rttTifoliater and each

trj.foliate t{a-s placed in a separate brown paper bag (11 crn x 3 cm).

Each treatment was replicated three times.

t-our tenpelatrrres were chosen namely, 40oC, 45oC, 50oc and 55oC

The lowest temperature \^/as selected because of the finding of
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Broadbent and llollings (f951) that the thermal death-point of

M. persicae lay betrveen SBoC ancl 41oc when exposed for t hour at

60eo reLative hurnidity. Five different durations of exposuïe r,\¡eïe

tested, nameJ-y 4, S, 16, 32 and 64 minutes.

It was not possíble to sinultaneously use a different oven

for each ter4rera.ture, so only one oven was used and the tempera-

tures were obtainerl sequentially, starting at 40oC. For each

temperatrlre, the required nurnbers of bags containing the aphid-

infested leaves were placed in the oven and bags were removed at

specified intervals according to the duration of exposure to be

tested

At the end of each test at each temperature, counts of atl

the aphids found inside the bags and of those that remained on the

leaves were made. The aphids were also classified into dead or

alive, and burnt or norrnal. All aphids showing movement were

recorded as alive, whereas those that were blackened and rendered

unidentific-able were Tecorded as burnt.

Results and Discussion

Results, given in Table 12, show that exposure had a signifi-

cant influence on percent aphids extracted from potato leaflets.

As the duration of exposure increased, the percentage of aphids

extracted also increased especiall.y at 40oC and 45oC. At 50oC a

big increase in percentage of extraction was obtained between 4

ninute-s and 8 minutes exposure time, but with exposures of 16 minutes

or longer, the percentage of aphids ext::acted began to level off at

the 3 highest tenìperature-s,
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TabIe LZz Mean percentages of apterous M. persicae
extracted from potato leaves at various
temperatures X durations of exposure.

Duration of
exposule
(minut es )

Mean % of aphids extracted at temperatures:

4soc sooc ssoc4ooc

4

I

16

32

64

0.1

24.7

38.4

33.4

67.4D

L2.9 s1.3 5.6

s6.g 68. sDl 82 .LD*

42.7D 78 .7D 8s.4D*

To.sD 82.8D* 89.6DB*2

82.2D* g7. 3D* 87.1D8*

lD irrdi."tes aphids weïe dead but not burnt
2DBi.rrdi"utes aphids ri\rere dead and burnt
The treatnents marked with an asterisk are not
signif icant ly different .

Least significant difference between any 2 exposure times
at one ternperature ís 6.7eo (P .05)

Least significant difference between any 2 tenperatures
for one exposure time is 6.0% (P .05).
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To test for differences between means, the data were

subjected to a 2-way (exposure x temperature) ANOVA. The analysis

is given in Appendix Table 1, and the LSDs are given in Table 12

to allow the comparisons of means.

The LSDs in Table L2 indícate that the ¡neans denoted by

asterisks hrere not different from each other. However, the

exposures of 32 and. 64 minutes at 55oC burnt many aphids ancl cannot

therefore be used. The treatment which was likely to give the

highest percentage extraction if further replicates were tested was

64 minutes exposure at 50oc and so this combination :vas used in

future as a standard nethod of extracting aphids from leaves.
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CHAPTER 4

THE CHANGING NUMBERS OF APHIDS AND NATURAL ENEMIES

IN THE FIELD

INTRODUCTION

The main ernphasis of a population study of this nature is the

identification of the causes of nunerical changes in the populations

and an explanation of how these changes act and interact to produce the

observed patterns or trends. In this way it is possible to define where

and when in the life cycle the key regulating processes may operate.

The study of the whole population of M. persicae is inpractical,

and it is necessary to study instead a definable part that is thought to

be.representative of the who1e. The study of the part mrst then be

repeated in ti¡ne in at least two areas in which the clinate is different

so that the interac'lions of weather and other environmental components

can be conpared. The observed changes in the sub-populations nay then

have their or1¡n specific explanat,ions. The usefulness of a population

study of this sort depends on how representa.tive the observed numerical

c.hanges and their causes are in both tirne and space.

Sinlj.lar studies made on the obsei'ved changes in aphid populations

in relation to var:ious causes, have always been ha,npered by (a) cornplexities

of population sampling in the f:.eld; (b) overlapping genelations;

(c) polyrnorphisn; (d) unknown numerical relationships between the popu-

lations occuming on a sequetrce of host plants, and (e) influence of J.ong-

distance .migration (van Enrden et aL., 1969)"
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Aphid pcpulati.ons usually show a rapi.d increase in population size

and dispersion during the vegetative growth of their host plant, followed

by a more or less striking declíne in numbers. This change in population

size is usually acconpa:-.ied by a change in population structure e.g. the

age structure and the appearance of different morphs (apterae, alatae).

The factors causing and influencing such changes are often investigated

and discussed by workers because of their importance with respect to

phytopathologícal problerns.

Three nain factors are usually regarded as being nost inportant for

the population dyrramics and changing age-structure of aphid populations

in the field: (1) the potential fertility of the aphids, which is

modified by the physiological condition of the host; (2) density-

dependent and climate-dependent production of winged norphs, and (3) the

time of appearance of predatoïs and parasites (Toniuk and Wöhrrnann, 1980).

Many workers have studied one or rnore of the factors causing the

growth and decline of aphid population on potatoes (Davies, 1932;

Broadbent, 7946; Dunn, 1949; Shands et aL., 1956; Helson, 1958;

Klostermeyer, 1959; Daiber and Schöl1, 1959; C1ose, 1965; Rough and

Close, 1965; Powell and Mondor, L973; Radcliffe, L973; Sandvol and

Cunningham, 1975; Mackauer and Nay, 1976; Cancelando and Radcliffe, I979;

Whalon and Snilowitz, 1979). Evidence surnmarízed by van Emden et aL.

(1969) suggests that the stability of M. persicae populations depends

fundarnentally on intraspecific interactions, especially the effects of

ernigration caused by density-influenced production of relatively poorly

fecund alatae, most of which fail to colonize suitable new food plants.

Another stabilizing factor is the aphid/plant interaction rvhich may also

affect the actions of natural enemies.
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Many workers who participated in the International Biological

control Progranme (rBCP) and have investigated the factors. causing

changes in populations of M. persieae on potatoes have agreed that pre-

dators, especially coccinellids, appeared surprisingly irnportant in

regulating the aphid populations. By contrast indigenous parasites,

even r,iithout,rduction in numbers by hyperparasites, produced rather

insignificant mortalíty ín M. persícae populations, and fungal attack was

found to be too sporadic to hold much hope for biological or integrated

control (Mackauer and Way, 1976).

The objectives of this study in South Australia are (a) to describe

the seasonal trends of potato aphid populations ancl their associated

natural enemies; Cb) to determine the factors causing the changes in

population growth; (c) to describe the spatial distribution of potato

aphids with reference to future sampling prograÍrnes, and (d) to apply

some of the findings in the development of a more effective control pro-

grarûne such as integrated control with special ernphasis on the use of

predators in conbination with chenical control methods.

MATERIALS AND NIETHODS

4.7 Sma1l-p1ot survey at the Waite Institute Adelaide

A survey of aphid occurrence on sma1l plots of potatoes tvas

conducted at the l\raite Agricultural Research Institute (W.A.R.I. ), Glen

Osrnond, South Australia from June l97B to July 1980. Certífied vinrs-

free rExtonr seed potatoes purchased frorn a local supplier in Adelaide

were planted in sma11 plots 10 n x 10 n in size. l\Ihole or cut-up potato

seeds were dusted rvith a proteitant fungicicle before planting them to a
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depth of approxirnately 5 cm and at the planting density adopted by

commercial growers, narnely 23 cm apart within rows and 90 cn between rows.

Sinilar size plots of potatoes were established every 2-4 months to ensure

a continuous crop of potato thrortghout the year'.

After the land had been prepared for planting, a basal dressing of

a mixture of superphosphate, sulphate of anmonia and sulphate of potash

was applied as fertilizer. No insecticide or fungicide was applied

throughout the study period. Hilling was routinely done a few days

after sprouting of tubers and was repeated when necessary. Each crop of

potatoes in the plots lasted for a period of 3-5 nonths depending on the

tine of the year they were planted. A total of eleven plots of potato

plants were established during the study period. Except on two

occasions, plots were distributed around the experinen'la1 orchard and

the sane plots were not planted with potatoes in order to ninimize the

risk of virus disease in the new plantings.

The exper:imental orchard consisted of several snall blocks of fruit

trees such as app1e, peach, apricot and citrus and grape vines. There

rvere also srnal 1 p1 ots of sugeLr cane, cruciferous vegetables, beans and

roses. The rest of the area was either bare ground or covered tvith weeds

and other wild plants. Several buildings i.nclucling an insectary, glass-

houses, laboratories and houses r\rere not far f::on the plots.

Table 15 shows the distribution arrd planting clates of the various

potato plots.
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Table 13: Planting dates for potatotes in plots
at the Waite Agricultural Research
Institute, Adelaide.

Plot
identification Date of planting

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

A-1

B-1

c

^-2B-2

D

E

G

H

I
J

20 April, 1978

7 JuLy, 1978

10 October, L978

1 January, 1979

6 March, L979

1 Apri1, 1979

21 Septenber,1979

12 October, 1979

3 Decernber, 1979

6 March, 1980

29 Apri1, 1980
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Sampling of aphids and natural enemies

The rnethods of sampling potato aphids and their natural enemies

are described in detail in Section 3.4.1.

During the 1978-79 crop period, sarnpling of predators, especially

M. tasmaniae, was done by direct counting of eggs, larvae and aclults

from sample leaves taken for aphid counts. This rnethod had produced a

rather low estinate of predator abundance, especially of that of

M. tasmaniae larvae and adults. Larval and adult predators may have

escaped from being counted in the process of removing the leaves. For

1979-80 crop period the sampling method was inproved by using a beating

tray as described in Section 3.3.1. for sampling larval and adult

M. tasmaniae.

Counting of aphids and natural enemies

Aphids and all stages of natural enemies, mainly predators, hrere

either counted in the field or rvere placed in plastic or paper bags and

labelled when aphid numbers were gery high and brought to the laboratory

for extractíon and counting.

Aphids fr:om sample leaves were classified into the following groups:

apterous and alatae, diseased aphids and mummified (parasitized) aphi.ds.

The aphids r{ere also identifi'-ed to species level.

The separatíon of M. persieae j.nto 4 nyrnphal instars and apterous'

adults was made visuatly and based on anatomical features such as body

length, number of ar:tennal segnents, shape of antennal tubercle, rostrum

length, cornicle length anrl shape, and caudal size and shape (Sylvester,

1e64).
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Identification of potato aphíds and natural enenies

Identification of the different species of aphids found on potatoes

was based on a pictorial field key given by MacGillvray (1979).

Some of the predators collected during the survey were identified

to species leve1 by cornparing then with specimens kept at Entornology

Departnent, l\r.4.R.I., South Australia. The correct identification of

the brown lacewing, It(icrorm,ts tasmætiae lValker rvas confinned by Dr. T.R. New,

Deparûnent of Zoology, La Trobe University, Bundoora, Victoria, from larval

and adult specimens which were sent to him.

The species of primary parasites of M. persicae and its hyper-

parasites were identified by Dr. I. Naumann, Division of Entonology,

C. S. I.R.0. , Canberra, A.C.T. , from specirnens of adult parasites, aphid

mumnies and hyperparasites whic.h were sent to him.

Diseased aphids found on potato plants were given to Dr. D.E. Pinnock,

Entomology Departnent, W.A.R.I., Adelaide, South Australia for correct

identification of pathogenic fungi.

Trapping of alate aphids

The actil'ity of alate aphids, mainLy M. persícae, uras nonitored by

placing a yellow plastic-pan $rater t::ap in the niddle of the potato plot.

Trapping by this nethod j,s described in Section 3,4.2.

4.2 Large-field survey at Milang, South Australia

This field survey was conducted in potato fields owned by Mr.

Chaplin at Milang (80 km south-east of Adelaide), South Australia.

Lance

Field
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sanplíngs of potato aphids arxl their natural enemies weïe carïied out fron

September 1978 to May 1980. The entire farnland was largely planted to

potatoes, but lucerne crops were also grown nearby during the spring,

sumner and autumn nonths. Potato fíe1ds were generally welI distributed
over the entire farm, each field ranging frar 2.4 to 16.0 ha. weed.s were

connonly seen thriving in uncultivated fields and along ditches and

roadsides.

The entire farm hras very close to Lake Alexandrina ancl farmers believe

that because of the influence of a prevailing sea-breeze off the 1ake, the

daily maximurn and nininum temperatuïes in thi s area are slightly lower than

in areas several kilometers inland, such as Strathalbyn (15 lsn from Milang).

However, the Bureau of lr{eteorology in Adelaide, found that differences in
daily tenperatures between Milang and Strathalbyn were negligible. Hence,

weather data were taken fron the meteorological station at Strathalbyn

(since there is none at Milang).

Commercial plantings of potatoes at lvliland are planted in the sa¡ne

field only every second year. The fields are left fallorv in other years.

Fourteen fields were planted to potatoes between June 1978 to February I9T9

and only 10 fields were planted in the forlowing crop period (1979-s0).

Potatoes were planted alnost throughout the year. rExtonr was the nost

connìon variety of potato grown by Mr. Chaplin. Other var:ieties such as

tCollibanr and rsequoiatÌr¡ere also planted whenrExtonr plantings were not

suitable. All certified seeds urere purchased fron Victoria and kept at

low tenperatures in Adelaide until planting. Figure 3 shows the planting

and harvesting clates and sizes of the fie1d.s.



Figure 3: Dates of planting (¡) an<l harvesting (H)

of potatoes and the size of the c.rop for:

each date at lr{ilang durì.ng the 1979-80 (A)

and 1978-79 (B) crops period.
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The plantíng distance used was 23 cm within rows and g0 cn between

roh¡s. All fields were adequately irrigated in spring and sumrner by

means of overhead sprinklers. Normal cultural practices including

fertilizer application, pesticide application, hilling and harvesting

were carried out by the grokrer as scheduled. In the 1978-79 crop

period, five insectícides were applied at the recommended rate t.o control

potato pests, nainly leaf-feecling caterpillars and larvae of the potato

tuber moth (Pbhorímaea operculeLLa (Zeller)). The five insecticides

used and the dates of application are shown in Table 14. Application of

the insecticides rvas made with a tractor-mounted boom sprayer. Prior to

February 1, 1979, no other insecticide was applied.

In the 1979-80 crop period, the first application of insecticides

was made in two fields very close to fielcls F and G where samples were taken.

In these fields, malathion and DDT were applied as sprays on Matcli. 27,

1980, and a second application was made on April 4, 1980. One application

of neta.systox to cont-rol potato aphids was made on April 10, 1980 in

field G.

Santpling aphicls and natural enemies

Similar nethods of sampling aphids and natural enemies were u,sed

here as are descr:ibed for Waite Institute in Section 3.4.7. The numbers

of larvae and adults M. tasmaniae were estinated by the beati.ng tray rnethod

(see Section 3.4 .l .) .

Counting aphirls and natural enemres

When aphids numbers r{ere 1ow, whole-plant coLlnts were rnade in si-l;u;

but at highe:: infestation lates, leaves were takelr off the plants and were
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Table 14: Trade na:nes, chernical names of insecticides applied in the
potato fields at different dates at Milang during the
1978-1979 crop period.

Date of
application

Trade
nanes

Chenical names

I Feb.

2 Feb.

20 Feb.

r979

r979

7979

10 Mar. 1979

10 Mar. 7979

Nitofol

Nitofol

DDT

Metasystox

Birl ane

20 Feb. 1979 Malathion

I Mar. L979 Metasystox

O, S - dinethyl phosphoanidothioate.

Same as above.

Mixed isomers of dichlorodiphenyl
trichloroethane in which 1, 1, I -
thichloro - 2, 2 - bis (4 - clilorophenyl)
ethane predoninates.

S - 1, 2 - bis (ethoxycarbonyl)-ethy1 9,
õ - dirnethyl phosphorodithioate.

Mixture of O - 2 (ethylthio) - I ethyl 0,,

O - dinethyl phosPhorothiate and
S-Z - (ethylthi.o) ethyldi.methyl
phosphorothiate.

Same as above.

2 - chloro - 1 - (2, 4 - dichlorophenyl)
vinyl diethyl phosphate.
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carefully placed in plastic and brown paper bags and transported back to

the laboratory. In I97B-79 crop period, leaves contained in plastic

bags were irunediately storecl in the soc room on arr:ival at the laboratory

and counting was done as soon as possible thereafter. Usua11y, counting

was completed in 2-3 days after sampling. The various instars of

M, persicqe were determined under a binocular nictoscope.

In 1979-80, aphid populations in t-he insecticide-sprayed field

(Field G) reached extremely high nunbers. Sanples leaves were placed in

brown paper bags, and when they reached the laboratory, üiere inmediately

placed in a 50oC oven for 60 ninutes. Details of this extraction nethod

are described in Section 3.4.3.

Counts of predators and diseased aphids were rnade in the field itself,

while nunmified aphids hrere counted together with unparasitized aphids in

the laboratory.

Trapping of alate aphids

Activity of alate aphicls, rnainly M. pez,sícae was monitored by placing

a yellow-pan rvater trap in the middle of the fie1cI. Great difficulty was

encountered in servicing the trap weekly because of its great distance front

the Waíte Institut.e. this tvas particularly true in sunnner when weather

was hot and dry so that the water in the trap hlas conpletely evaporated by

the niddle of the week. Therefore, trapping was confined to only the

peri-ods between the migration of alates into potato fields and tl're autumn

eniglation of alates out of the potato field; i"e. between nid-Febmary

to nid-May.
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Spatial distribution of aphi-d populatíons

Natural distributions of insects includi.ng aphids have gene'ralIy

been described as following an aggregated pattern corresponding to the

negative binomial mode1. Several workers have discussed the statistics

of this distribution pattern (Fisher, 1941; Anscombe, 7949; Bliss and

Fisher, 1953; Sylvester and Cox, 1961; Southwood, 1966; Walden et aL.,

1978; Tanaki and Weiss , 1979; Ba-angood and Stewart, 1980). The

negative binomial distribution has been reported in nany sampling studies

of various insects and has been found useful in the development of nany

sampli.ng plans (Harcourt, 19(.0 and 1961; Latheef and Harcourt, I973;

Ng et aL., 1977; Tanaki and Weiss, L979).

Data fron field sanples collected during the period of infestatíon

were fitted to the negative binornial distributions. The observed data

ancl those expected by the negative binonial rnodel were anal ysed, by y2

(Chi-square) goodness-of-fit test. The parameter k of the negative

binonial distribution was conputed by the maximurn likelihood estinate and

used to calculate the optimurn sanple size at the desired precision 1eve1s.

Measurement of rate of increase in aphid abundance

As a measure of the late of increase of lul. persicae in this study,

I used the percent increase or decrease in abundance pel unit tirne in

relation to the arithmetic mean of abundance, as calculated at the beginning

and at the end of the time per:iod (Galecka, 1966). The percentages of

increase or decrease in abundance (P) were calculat-ed from the fornula:

P
200 (B-A)

A+B

where A = the abundance of aphids at the x

the (x * t)th week.

th week and B = the abundance at
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Analysis of data

The understanding of the mutual relationship between Myzus persicae

and Míerornus tasmqniae populations was analysed by a graphic rnethod based

on lt{oran curves (tfughes, 1963; van Emden, L972; Wil.liamson, L972). The

method involves a sinple plot of abundance of prey (on 1og. scale) and

predator (on 1og. scale) on a linear paper whereby each point plotted

represents the date of sampJ.ing and a curve is fitted by eye (which of

course requires a certain -simplification) (van Bnden, I972). This graphic

nethod of analysis is useful since there was no way of directly measuring

the aphid nortality caused by the p::edators observed in the sanples

(Hughes, 1963). This method also enabled us to demonstrate the

relationship between M. tasmanùae and M. persieae showing a tine-1ag' or

tirne-delay which is prominent in the field as a resutt of the predator being

relatively more abundant for a short tirne after aphid numbers start to

decline (Ffughes, 7963; Hasse1l, 1978).

4.3 Inpact of naturally occuning predators

The field survey on the changing nunbers of potato aphids and natural

elternies indicated that natural enemies, especially predators, are important

biotic factors. In particular the suppressive effects of naturally

occurling known lacerrrings, M. tasmqrtiae on the field population of

M. persícae on potatoes seened obvious and appreci-able, especially in the

spring. However, experimental methods of evaluation of the inrpact of

predators were needed to test the hypotheses suggested by the field ðata"

Many workers have discussed the valious nethods of evaluation of

natural ellem)¡ effectiveness alld concluded that the use of experirnental
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conparisons is the only real1y effective nethod (De Bach and Barlett,

1964; Fhffaker and li4essenger, 1976). One direct nethod of

comparison is mechanical exclusion or substraction rvhereby natural

enenies are excluded from a prey population by means of cages (Srnith

and De Bach, 1942; De Bach et aL., 1949; Huffaker and Kennett, 1956;

Tanaki, 1974; Maelzer, 7977). An exclusi-on technique was therefore

used in the field to deternine (i) the irnpact of natu::ally occurring

predators on the rate of increase of aphid popuJ.ations and (ii) the

influence of temperature during spring an<l summeï on the impact of the

predators on the aphids.

Methods

Three experiments were conducted in the orchard at the Waite

Institute. They were chosen to coveï the spring and surnmer periods when

predators are nost abundant in the field and seem to have the greatest

effect on the population increase of M. persieae.

Experinent I was conducted between Septernber 10, 1979 to October 4,

7979; Experiment II from November 13-30, 1979 and Experiment rrr fron

January 17 - Febnraty 2, 1980.

(i) The plants

Potato seeds (var. Exton) were planted in the glasshouse

fol.lowing the method described in Section 3.1. At the start of

the experiment, each plant vias transplanted into a 30 cn black

plastic pot containing recycled University of California soil

mixture. Three potted plants (bearing 6-8 expanded leaves) wer:e

used (each plan't rdas a replicate) in each tleatment.
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(ii) The treatments and cages

There were only tr4ro treatments, namely:

(a) Plants rvith aphids only in ilclosed" cages which

exclucled parasites and predators.

(b) Plants with aphids in rropenfr cages, in which two sides

of each cage hrere omitted (i.e. virere open) so that

parasites and predators were able to enter and leave it.

Each cage was 85 cm cube, and had a wooden frane which was

covered with very fine terylene netting (6 strands/cn mesh -

Experinent I; 35 strands/cn mesh - Exper:irnent II and III). 1'he

rrclosedrrcage had netting on all 4 vertical sides and on tlìe top

(Fig. 1); the I'openrrcage had netting on the left - half of each

of the 4 vertical sides and on the top (Fig. 1). The botton of

the cage was wood and the three potted plarìts were placed in it.

The rropent' cage was constructed as described above to minimise

differences in the microcJ.imate between it and the rrclosed" cage.

Previous authors have shown that screen cages nay alter the physical

environrnent around the plant inside a cage (Peterson, 1959;

Woodford, 1973). The eclges of the cage were -sealed witli plastic

adhesive tapes, and the lorr'er surfaces of the frane rvhich rested

on the cage bottom h/ere lined rvith 20 nn thick foan plastic to

provide a good seal. The cage was then firmly secured to pegs

in the ground by means of elastic straps.

(iii) The experinental procedure

Onerropenrrand one'rclosedrtcage rvere placed at a clistanc.e

of 5 n fr:om a potato plot ancl 3 m apart. There rvere 3 replicates
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(plants) in each type of cage. At the start of each experiment,

each plant was artificially infested with 5 rrewly moulted adult

apterous M. pez,sicae obtained from insectary culture (see

Section 3.3). The aphids r^reïe put on with a fine brush and were

spaced out on the upper, middle a.ncl lower leaves of the plants.

Each aphid was then confined to the lower leaf cage (Khan, rgTg)

fot 24 hours to ensuïe that it settled to feecl a¡rcl reproduce.

Each cage was lifted off its bottorn board every day to temporarily

allow access to the plants fol recording data, and a record was

made of the total number of nymphs and adult M. pensicae; innature

and adult M. tasmarziae and other predators, and nunnified

M. persicae present on the plants.

Weather data were obtained from a meteïological station at the

waite Institute. The experirnent r^ras terminated either when the

M. persieae in the t'opentr cages had been reduced to veïy low numbers

or when those in the rtclosedrr cage became so numeïous that further

counting was impractical. The nean daily tenperature cluring the

course of each experiment was es'bimated as the mean of rnaximum

plus mean of ninim¡m divi.ded by 2. rt was estinated as lsoc, lgoc

and 2OoC for Experinents f, II and III, respectively.

(iv) The growth of the plants

To determine whether clifferences in plant growth existed

between exposed and caged plants, the total leaf area of each plant

was measurecl ancl compared at the -start and end of each experi:nent.

Leaf area of individual potato leaf rvas measured using the for¡rula:
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Log Y -- t.7S 1og X - 0.40

(Epstein and Robinson, 1965)

where Y = leaf area (.r2) and x = length of each conpouncl leaf (cn).

Results

For purposes of discussion the plants in the open cages will here-

after be called'rexposedrrplants, and the plants in the closed cages will
be called the 'fcage¿tt (i. e. predator - excluded) plants.

Aphids

Experiment I

In Figure 4a, are given the mean number of ¡rumrnified aphids per

plant foí ¡oth the caged and the exposed plants for each of the 23 ð,ays

of the experinent. In Figure 4b, are given the mean nurnber of eggs,

Iarvae and adults of M. tasmaniae per plant for the exposed plants for
each of the 23 days of the experinent, and in Figure 4c, are given the

mean number of aphids per plant for both the caged and. the exposed plants

for each of the 23 days of the experiment. The number of aphids on the

caged plants were significantly greateï than those on the exposecl plants

from about day 15 onwards (a t-test for nurnbers on day ls gave t = 4.40

with 4 d.f., P<.05), and on day 23 there rùere no aphicls on the exposed

plants but rnore than 50 aphids weïe on the caged plants. Nevertheless

the differences were not as gïeat as expected and in particular the

numbers of aphids on the caged plants were not expected to decrease after
day 16. An explanation for the relatively smal1 clifference- in the numbers

of aphids on the caged and exposed plants can be found in the numbers of
parasitized (rnummified) aphids on both sorts of plants (Figure 4a).
obviously the nresh that lvas used to cage the plants was not snal1 enough



Fígure 4: Mean numbers of live and numnified M.persieae on

exposed and caged potato plants and mean number of

egg, larva and adult of M. tasmaniae found on

exposed plants between Septernber 11 to October 4,

1979 (Experirnent I) .

(a) tr
ø

(b) u

(c) o

o

nurunified M. persieae on caged plants.

munrnified M. persicae on exposed plants.

egg, A larva, I adult M. tasmøtiae

on exposed plants.

live apterous M. persieae caged plants.

live apterous M. persieae exposed plants.
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to exclude parasites, although it was small enough to exclude predators,

as shown by the presence of predators on the exposed plants but their

absence on the caged plants (Fig. 4b).

Because of the parasites getting through the rnesh to the aphids on

therrcagedttpl ants, the mesh in the next trn/o experiments hlas reduced

further to 35 strands/cn in an endeavour to exclude parasites as well as

predators.

Experinent II

In Figure 5a are given the mean number of eggs, larvae and adults of

M. tasmaniae per plant for the exposed plants for each of the 16 days of

the experinent, and in Figure 5b are given the mean number of aphids per

plant for both the caged and exposed plants for each of the 16 days of the

experinent. The differences in the number of aphids between the caged

and exposed plants were obvious. 0n the exposed plants, the aphids

increased slightly in numbers up to days 5-7 and then fe1l to zero and

stayed there, whereas on the caged plants, the aphid numbers showed a

typical exponential grorvth trend.

For the caged plants the rate of increase of the aphid population can

be approximated by the forrnula for exponential growth:

TtôN = N"to

where NO = the initial number of aphidsi Nt = the number of aphids at

time t; and r in the aphidts rate of increase; and since No was 5 aphids

and N, after 16 days was 659, r can be approxinated as:

1'=
1o9', 659

(logn s) (1s) 0.27



Figure 5: Mean nurnbers of i-ive M. persiae on exposed and caged

potato plants and nean numbers of egg, larva and

adult or M. tasrnaniae found on exposed plarrts between

November 13 to 30, L979 (Experinent II).

(a) n eBB, ø larva, E adult M. tasmaniae

on exPosed Plants.

(b) a live apterous M. persícae on caged plants '

o live apterous M. persi'eae on exposed plants'
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The difference between the two treatments can obviously be attributed

to tlre actions of the predator, M. tasmaniae on the exposed plants (Fig.5).

Adult pïedators were observed on the exposecl plants earlier (day a) tharl

in Experirnent I (day 6). Parasites appeared to be absent during this

experimental period; no aphid rnurnrnies were observed on the exposed plants.

The application òf the exponent'ial grorvth formula to aphid numbers on the

exposed plants suggests that the rate of increase of the aphid population

in the absence of predators during this period was about 0.27 per day.

Experinent III

Results, given in Figure 6, again showed that the numbers of aphids

on the caged plants were obviously much smaller than on the exposed plants

and their relative numbers on day 17 (966 and 119 per plant respectively),

indicated a reduction of 88% in aphid numbers on the caged plants. This

reduction can agairr be attributed to the activities of the predator of

M. tasmaníae which were abundant on the exposed plants (Fig. 6a) . Again,

as in Experinent II, no parasites were observed during the period of the

experinent.

An interesting feature of the experi-ment was that aphid nunbers were

not reduced to zero 1eve1 in spite of the relatively greater number of

predators observed in this experirnent (Fig. 6). Another feature was that

the aphid populations in the closed cages showed greater fluctuations

than those observed in Experiments I and II.

Plants

The estimated leaf areas for each plant before and after the experi-

ment, are given in Appendix Ta.bles 3 ancl 4 respectively. A series of

t-tests indicated that no significant differences in the total. leaf area



Figure 6: Mean numbers

caged potato
and adult of
January 17 0

(a) D ess,

(b) o live
o live

of live M. persieae on exposed and

plants and ¡nean numbers of egg, lala
M. tasmaytiae on exposed plants between

Febtuary 2, 1980 (Experinent III).

A larva, E ad:ult M. tasmqtiae.

apterous M. persíea.e on caged plants.
apterous M. persiea.e on exposed plants.
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of plants before any of the experiments and after Experinent II and III.

However, a t-test suggested that the caged plants in Experirnent I were

larger than the exposed plants after the experiment (t = 3.84 rvith 4 d.f,

P<.05). It is possible that the slight shading of the plants in the

cages in spring made the leaves grow larger than they did in the exposed

plants

Di scus s ion

The results of these three experirnents indicate that naturally

occurring M. tasmaniae had the greatest impact in suppressing M. persieae

populations in potato plants in Experiment II. During this experirnent,

the average daily temperature was 18oC, and the predators were able to

conpletely suppress the aphid populations in L2 days. The good performance

by M. tasmøtíae in this experiment was not surprising because the predator 
i

is known to be nost active during October-November each year (Figs. ì 
I

Weather and particularly temperature during the course of these

experiments, had a considerable influence on both the predator perfornance

and on the aphidrs tate of increase. Temperature influences, of course,

the rate of increase of M. persicae through ¡nodification of its develop-

¡nental time, longevity, survival rate and fecundity rate (lVeed , 1927;

Barlow, 1962; Sylvester, 1964; Deloach, L974; Ivyatt and Brown, 1977;

Wyatt and lVhj.te, 1979). Thus in Experiments II and III, the rate of

increase of the aphid populations on the caged plants was estirnated to be

roughly 0.270 per day (at 18oC) and 0.284 per ð,ay (at 20oC). A rate of

incr:ease could not be sensibly estimated in Experiment f.

Temperature also influences the rate of increase of a preclator and

is known to have a significant effect on the interaction of predator-prey.
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Two reasons may be suggested to explain rvhy tlie predators were not as

effective at the higher temperature during Experinent III than at the

lower ternperature of Experinent II. Firstly, at a higher mean daily

temperature (20oC) experienced in Experinent III, the aphids can b¡r.rild

up populations at a greater rate (r = 0.284) than can be checked by

M. tasmaniae. Also at a mean temperature of zOoC, M. persieae ltas

been shown to have the highest net reproductive rate (De Loach, 1974).

Secondly, the lower mean temperature (18oC) probably lavowrs M. tasmanicrc

which prefers cooler conditions as to other henerobiids (Neuenschlander

and Hagen, 1980; Syrett and Penman, 1981), ancl gives it an advantage

over the prey. The differential effect of tenperature on prey and

predator is undoubtedly a factor influencing the seasonal abundance of

M. persieae on potatoes.

The time-relationship between the first occurrence of predators

and the tine the pïey start to increase in nurnbers which van Ernden (1966)

called synchronizatíon is an important factor in the suppression of the

rate of increase of the aphid population, It is possible that the

early appearance of some predator larvae or adults on the exposed plants

especially in Experiment II at about the time that the first aphid progeny

were produced resulted in complete suppression of aphid populations.

The absence of other predators such as coccinellids and chrysopid,s

in these experiments support the indication-s from the field survey that

M. tasmaniae is the nost important and abundant predator of M, petsicae

on potatoes, especially in spring and early sunmer.
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RESULTS AN]D DISCUSSION

Aphids and natural enemies

In this section is discussed the species involved and their relative

abundances in the fields, and their phenologies ,taking into consicleration

the various factors such as feeding habits, therrnal requirements for

developnent and diapause.

Aphids

The three introduced species, the green peach aphid (Myzus persicae),

the potato aphid (Macrosíphun euphorbLae) and the foxglove aphid

(AuLacoxtttun soLani) were all found on potato plants during the survey

both at Milang and Waite Institute. M. persícae was by far the most

conmon and abundant aphid at both localities. Both M. persicae and

M. euphorbiae lrave previously been considered pests of potatoes in Australía

by Norris and Bald (1943) and Helson (1958) but very little was known prior

to my study of the pest status and ecology of these trtro aphid species in

relation to the production of seed potatoes in South Australia.

Phenology of Myzus persícae

The relative abundance of M. persíeae on potatoes at the trvo

localities over the two year period..rg-.. shown in Figures 7, 8, 9 and 10.

Table 15 shows the relative abunclance of M. euphorbiae at both localit-.ies.

The phenologies of M" persicae at both localit-ies show ma-ximum

numbers of aphids in April-May each year, followed by a decline in nrrnbers

to near zero i.n June-July and an alrnost total absence of aphids fron
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Figure 7: Phenologies of Myzu"s persicae, its pre'lators,

diseased and parasitized aphids in potato

plots at lVaite Institute during the 1978-79

crop period.
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Figure B: Phenologies of Mgzus pet'sicae, its predators,

diseased and pæasítized aphids in potato plots

at lriaite Institute during the 1979-80 crop

periocl.
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Fi gure 9 Phenologies of Myzus pexsicae, its predatols'

diseased and paras itized aphids in potato fields

at Milang cluring the 1978-79 crop period'
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Figure 10: Phenologies of M. persicae, its predators,

diseased and parasitized aphíds in potato

fields at Milang during the 1978-79 crop

period.
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Table 1 5:

87.

Nunbers and percentages of M. persieae and M. euphorbiae
found in samples collected at various dates from small
plots at Waite Institute (1978-79) and large fields at
Milang (1979-80).

Sanpling
date

Nunber of %

M,pensieae M. euphorbLae M,perst eae M. euphorbiae

Waite fnstitute:

13. 6. 78

27 . 6.78

11. 7.78

25. 7 .78

8. 8.78

22.8.78
5. I .78

19.9.78
3.L0.78

19. 10 .78

s.tl.7B

Mi-l ut g_t

22.4 .80

28 .4. 80

39

73

83

7L

91

9B

95

r29

L34

6

J

23,L57

16,386

19

34

80

161

403

354

L64

s2

20

0

1

359

628

67

68

51

3L

18

22

37

7T

87

100

75

33

32

49

69

82

78

63

29

L3

0

2S

99

96

1

4



88.

November to February next. Similar tïends in the change of numbers of

M. persùcae ín potato fields have been observed near Canberra, Australia

(Helson, 1958) and in othel parts of South Australia (F.D. Morgan, peTson.

cornrn. ) .

In the ltraite Institute plots (Figures 7 and B), a snal1 population

of aphids persisted throughout the study period. Fluctuations in popu-

lation size were greater at the Waite Institute, probably as a result of

the presence of a wide range of host plants and overwintering refuges

for the active stages of M. petsicae. Also, M persícae appeared in the

Waite Institute potato plots earlier than Milang.

At the Waite Institute, the population of M. pet'sieae reached its

maximum 1evel on March 29, 7979 (525 aphids/S7 leaves) for the 1978-79

crop period (Figure 4) and on May 1, 1980 (922 aphiðs/60 leaves) for the

1979-80 period (Figu:re 5). At Milang, the highest counts of M. persieae

were found fron sanples taken on April 4, 1979 (3026 aphids/99 leaves)

and on April 14, 1980 (1758 aphids/99 leaves) in the 1978-79 (Figure 9)

and 1979-80 (Figure 10) c.rop period respectively. The sinilarity of the

tine of occurïence of the two peaks in number of M. pet'sícae suggests thât

future peak infestations in the commercial potato fields uray be predicted

with precision. By contïast, the peak infestati ols of U. pez'sicae at

the Waite Institute varied consj.derably between the tI^Io crop periods.

Predicting the date of occurrence of peak infestations at the Waite

Institute is 1i.keLy therefore to be nore difficult.

The aphid numbers in Figures 7-10 indicate that in South Australia, on

potatoes, M, pensicae populatj.ons probably have only one peak in auturnn

(April-May) at Milang (Figures g and 10) ancl tlo peaks - a smaller and less
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consistent peak in spring and a najor and consistent autumn peak at

Itraite Institute (Figures 7 and B). Sirnilarly, Helson (1958) observed

spring and autumn peaks of M. persicae on potatoes near canberra, and

the trapping data of ltughes et q,L. (1964) also sholed that peak flights

of M, pez'sicae, which may be correlated ï/ith peak abundance of the aphids

on host plants, occurred in spring and autumn at the Waite Institute and

in the Adelaide Hills. Elsewhere in the eastern parts of Australia,

peak flights of M. pez'sicae also occurred in spring and autumn except in

uer{in, victoria where the peak flights occurred only in spring (Ffughes

et aL., 1964). rn many countires around the worrd where M. pet,sicae

is knr:wn to be a pest of potato crops, peak ínfestations are reported to

occur in spring (Daiber, 1963; Mackauer and hlay, 1976).

Some variation in the patterns of infestations occurred betrveen crop

periods. At lvtilang, the first M. persicae was found in leaf samples one

nonth earlier in 1979-80 crop period (January 28, 1980) than in I}TB-79

period (March 3, 1979). Despite this difference in the time of

colonization, the peak abundance of aphids occurred at nearly the same date

in each year. consequently, predictions of peak populatíon nay not be

easily based on the time of colonization, However, in the ltlaite Institute
plots the plants were colonized at about the same time in early March each

year but infestations occurred at widely different dates in the two yeaïs.

These different reLationships between the times of coloni zation and times

of occurrence of peak numbers at Milang and at the Waite Instj-tute are

likely to be due to the different climates at the tv¡o places and due also

to different predator conplexes which react differently with the growing

aphid population after colonization.
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Trap catches of alate M. persicae

The nunbers of alate lul. persicae trapped at Milang in 1979 and

1980 and at Waite Institute in 1979, 1980 and 1981 are shown in Figure 38 .

They show interesting differ:ences between the two localities in relation

to the tines at which the crops were first colonized by M. persicae.

At Waite Institute alates t{ere caught 2-4 weeks earlier than at Mílang.

Also, at l{aite Institute, alates r{ere caught in traps 1-2 weeks before

they were found on the plants whereas, at Milang, alates were always

caught in the traps 5-4 weeks after the aphids had been founcl on the

potato plants. The data thus indicate that the usefulness of water traps

in deternining the time of autumn migration of 14. pensieae into potato

fields depends on the size of the crop and the surrounding flora and. fauna.

Influence of loca1 flora on the numbers of M. pensieae
in potato crops

In Australía, lr1. pensicae was reported as anholocyclic and holocyclic

in South Australia (Fowler, 1934), in Vi.ctoria (lVard, 1934), in Canberra,

A.C.T. (Anonyrnous, 7944) and only anholocyclic in l{estern Australia

(Norris, 1943) . M. persícae is curently both anholocyclic and holo-

cyclic in Australia (Dr. Ivf. Carver, person. connt.). A-s in other Þarts

of the wo-rld, M. persicae in South Australia survives the winter rnostly

as overwintering eggs on the peach trees (Fowler, 1934). Horvever, the

occurrence of aphids on potato plots at the Waite Institute in July-

August 1978 and in July 1979 jndicates the presence of an anholocyclic

biotype" In the absence of potato crops these aphicls probably survi.ve

the winter on imported rveeds such as Lenchtus sp. (Innocent tveed);

Chenopodium nuz.aLe L. (Fat hen) and Lolíum rigidtnn Gaudin (Rye grass).
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Irr spring the initial aphids on potato crops nay¡ therefore, be nigrants

of either anholoc.yclic aphids on weeds or holocyclic aphids on peach.

Both sorts of plants are more abundant around and on the Waite Institute

campus than at Milang, which probably accounts for alates being found in

traps at the lVaite Institute before aphi-ds are found on the plants.

The pátterns of changing nunbers of M. pensicae observed in this

study suggest that nost ¡/. persícae reproduce parthenogenetically

(anholocycly), particularly at Milang, throughout the year and remain as

active stages throughout the winter on weeds and other wil.d plants

(Daiber, 1965; Heathcote, 1965). At the l\iaite Institute M. persicae

may remain as active states on cruciferous crops (Fi.sken, 1959; Lowe,

L962; Daiber, 1963), on weeds (Daiber , 1963; Heathcote, 1965) and in

glasshouses (Broadbent, 1955).

The nunbers of M. persicae in spring were surprisingly low in both

localities; in general, aphids in Australia peak in numbers during

spring and autunn, presumably in response to flushes of plant growth and

suitable weather (Maelzer, 1981). The low numbers may have been due to

the actions of predators, nainly Micv,omus tasntaniae which is usually

abundant in the spring (Maelzer, 197S). The aphid populations remained

very low thereafter tlrroughout the spring and early summer, and then

became even scarcer during the rest of the surmner, probably because of

the hot dry weather (Helson, 1958; Maelzer, 1981). In fact, one of the

major problems of aphid strategy in Southern Australia is survival over

sunner (Maelzer, 1981), and only very few M. persieae are likely to survive

the summer weather that prevails at Milang and l\raite Institute. The hot

dry season is the most hazardous period for the survival of M. pez,sícae in
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terms of high ternperature and scarcity of suitable host plants which

prevent development of aphids above the nean daily of 28oC (Ba1d et aL. '
L943; van der: Plank, 1944; Bodenheiner, 1954; Barlow, L962). The

mean (over L22 years) maxirnum temperature for Adelaide, for the sunìmer

months (December, January and February) is above 2BoC (South Australia

Year Book, 1981), which accounts for the scarcity of M. persícae in sunmer.

Macr,osiphum euphorbiae was the only other species of aphid on

potatoes found in this study. However, it was usually in smaller numbets

than M. pexsieae and accounted for 0 to 4eo of the total aphids on the crop

at Milang and 0 to 82% of aphids at the Waite Institute. The dat-a in

Table 15 also suggests that M. euphorbiae was rnore abundant in the Waite

Institute potato plots than in the large potato fíelds at Miland and that

the abundance of M. euphorbiae at Waite Institute plots tended to vary

between years. In these plots M. euphoz,biae was abundant only in winter

and early spring in 1978 whereas in 1979 and 1980, the aphids were relatively

scarce. On the other hand, a srnal1 percentage (1-4%) of M, euphot'biae

was found at Milang only in April 1980. The doninance of M. euphorbLae

over M. persicae at times has previously been observed. by Norris and Bald

(1943) in potato plots near Canbema.
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Preclators - Hemerobiidae

The only hernerobiid predator found at lvfilang and Ílaite Institute

was tlre brown laceling, Miez,orm,ts tasmarliae (Walker) (Fig. 11). It was i.n fact

the nost conmon and abundant (Ca. 96%) of all species of predators found

in potato fields at both localities throughout the survey period.

M. tasmantiae is native to Australia (Walker, 1860) but seems norv to feed

extensively on aphi.ds on introduced plants. Figures 72 and 13 shorv the

relative abundance of M. tasmaniae eggs, larvae and adults over a two-

year period at Milang. Simil ar data at the Waite Institute are given in

Figures 14 and 15. The numbers of M. persíeae are also shown in Figures

t2-LS so that relationships between aphid lrumbers and predator numbers

(eggs, larvae or adults) nay be examined.

The nunbers of adu]-t M. tasmaniae at lr{ilang in February-May, 1979

(Fig. 12) were very low and seem to have no relation to the large number

of eggs laid then. In February-April, 1980 (Fig.13), there was a lnore

obvious relation of the number of adult M. tasmætiae in the crop and the

number of larvae (but strangely, not eggs). The most interesting peak

of adults, horvever, was that of October-December, 1979 (Fig.13) which

seems to have produced very few eggs or larvae; possibly because very

few aphids h/ere present then.

A nurnber of interesting points arise from these data, namely:

(i) since M. tasmaniae was the most abundant predator, its peak numbers

were expectecl to be related to peak numbers of aphids, probably r+ith a

time-lag, as evidenced by Ffughes (1963) for example, for syrphids feeding

on Breuicof'ane bTassùcae. The expectecl relationships, rvith time-Iags,

weïe seen at Mì-lang in 1979 (Fig. 12) between peak nunÌ¡ers of M. tasmaniae



Figure 11: The life stages of M. tasmaniae

A. Egg (x ls)

B. Larva : I - First instar (X 10)

. lI - Second instar (X 7)

III - Third instar (X 6)

C. Pupa (X 40)

D. Adult (X 7)
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Figure 12: Phenologies of M, pexsicae and eggs, larvae

and adults of M. tasmaniae in potato fields

at Milang for 1978-I979 period.
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Figure 13: Phenologies of M, persicae anð eggs, Larvae

and adults of M, tasmaniae in potato fields

at Milang for 1979-80 period.
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Figure 14: Phenologies of M. persicae and eggs, larvae

andadultsof14.tasmæliaeatWaitelnstitute

for the I97B-79 Period.
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Figure 15: Phenologies of M. persícae

and adults of M. tasmaníae

for the 1979-80 period.

and eggs , Iatltae

at lVaite Institute
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eggs, larvae and adults in relation to peak numbelrs of M. pez:siea.e.

And when the data are plotted as Moran curves (Fig. 16), the relationship

between predators and aphids is very similar to that obtained by Hughes

(1963). However, at Milang in 1980, there üIas no obvious peak in

M. tasmaniae eggs after the numbers of M. pers'Leae, and there was apeak

of larvae 3 weeks before the aphid peak. Indeed, it seened that the

aphids started to increase iri numbers after the numbers of M. tasmaniae

larvae had dropped. And when the data are plotted as Moran curves (Fig. t7)

the relationship between predators and aphids is less obvious as that

obtained in 1979.

The data at Waite Institute (Fi-gs,74, È 15) rvere more consistent in

that some of the peaks of. M. tasmøtia.e eggs occuned in both years at, or

just after, peaks of aphid abundance. The expected relationship between

the predators and aphids with tine-lags were also seen at the lVaite

Institute in 1979 (Fig. 18) and in 1980 (Fig. 19). And when the data are

plotted as Moran curves, the relationship between predators and aphids is

similar to that obtained by Ftughes (1963).

.The nunbers of adult M. tasmaniae in February-May, 1979 (Fig. 74)

were very low and appear to have no relation to the large number of eggs

laid then. In March-June, 1980 again (Fig.15) very l.ol ntmbers of adults

as well as larvae of M. 'tasmaniae were found during peak nunbers of aphids

and seem to have had no relation to the large number of eggs laid then.

It is interesting to note that the shape of the Moran curves

showed close simj.larity betrveen the tr^io years for each locality.



Figure 16: The tine-lag relationships (on logarithmic scales)

between the nurnber of aphids (M. pet'sieae) and ttre

number of predators (eggs, larvae or adults of

M. tasmøtiae) at Milang for the 1978-79 period.

The points along the curve represent the dates when

the sanples v¡ere taken.
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Fiugre 17: The tine-1ag relationships (on logarithmic scales)

betr^Ieen the number of aphids (M. persieae) and the

nurnber of predators (eggs, larvae or adults of

M. tasmaniae) ¿t Milang for the 1979-80 period.

The points along the curve represent the dates

when the sam¡lles were taken.
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Figure 18: The time-lag relationship'(on logarithmic scales)

between the nunber of aphids (M. persicae) and

the nurnber of predators (eggs, larvae or adults

of M. tasmarrLae) at llraite Institute for the 1978-79

period. The points along the curve represent the

dates when the sanples were taken.

I
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Figure 19: The tine-1ag relationship (on logarithnic scale)

between the nunber of aphids (M. persíeae) and

the nunrber of predators (egg of M. tasmaníae)

at Waite Institute for the 1979-80 period.

The points along the curve lepresent the dates

when the samples were taken.
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Predators - Coccinellidae

Two species of Coccinellidae, CoceineLLa repøtd.a (Thunberg) and

Leis eonfarrnis (Boisduval), are by far the most comnon coccinellid

preclators in potato fields at Milang and Waite Institute. The tvro

species are native to Australía, but CoccineLla repanã.a also occur5 in

Southern Asia (Hodek, 7967) and has not previously been reported as a

predator of aphids on potatoes there.. They are both considered inportant

predators of lleLíothis sp. in cotton in Queensland (Bishop and B1ood,1972).

C. z,epanda is usually the most abundant predator in lucerne (Medicago

satiua) fields in Aust:alía (ltraters and Doniniak, 1978; Bower and Thwaite,

1978; Brieze-Stegeman, I9781. Ridland and Berg, 1,978; Forrester, L9781'

Bishop et aL.,1980). Horr¡ever L. confornrLs is the rnajor predator of rose

aphids in South Australia (Maelzer, 1977) and of M. persieae on peaches in

Victoria (Wi1son, 1960).

In this study, the trends in nunbers of C. t'epand.a and L. conforTnis

were slightly different in the unsprayed fields at Milang (Figs. 9 Gr 10)

and in sma1l potato plots at Waite Institute (Figs. 7 q BJ. Even though

numbers of coccinellids present may be related to the abundance of aphids,

the total number of coccinellids r,¡qs-: generally sna1l in spite of the

abundant supply of food to prey on.

The reverse situation was observed in small plots at the Waite

Institute in which coccinellicl numbers rvere higher and reached their

peaks in early spring and only sma11 numbers of coccinellids occurted

durirrg peak population of. M. pexsicae in the autumn in bc¡th crop periods

(Figs. 7 Ê 8).



96

The trvo factors most likely to influence coccinellid numbers are

rnean temperatul'e and the availabi.lity of food. Many coccinellid species

are known to be better able to control aphid populations at higher

temperatures (Dunn, 1952; Hagen and van den Bosch, 19681 Maelzer, 1981);

and the low numbers of coccinellids in potato fielcls j.n summer is probably

due to a lack of available prey. By contrast, food is not limiting in

the autunn but mean tenperatures are then nruch lower and are probably the

najor constraint on the rate of increase of the coccinellids.

The slower overall rate of increase in numbers of coccinellids is

explaíned by the fact that the thermal thresholclsof development of

predators are generally higher than those of their aphid prey with the

exception of certain hemerobiid predators (ìieuenschwander, 1975). The

lower thresholcl for development of M. pensícae is 6oC (Broadbent, 1953)

whereas for eggs of C. z,epøtda (Milne, 1973) and for eggs of tr. conforTnis

(Maelzer, 1981) it is 15oC. Since coccinellicl populations encountered

during this survey u/ere generally very srnall, it is doubtful that they
cnQno qed

can be profitably rnan+pukfræé and attention was concentrated on mani-

pulating nlunbers of M. tasmaniae.

Predators - Chrysopidae

C'lu,ysopa spp. have been previously reported as important predators

of. M" persicae on potatoes (Shands et aL., I972e)" They are also important

preclators of other aphids and of eggs and small larvae of lepidopterous

insects.

The green lacerving, Chrysopa signata (Schneider) is the most conmon

chrysopid p::edator of potato aphicls found in t.his study. The trsrds in
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numbers of total chrysopids shown in Figures 7-10 indicate that they were

more a.bttndant in spring ancl early surmer but generally their numbers

were rather sma11.

Slightly more chrysopids were recorded frorn snal1 plots at Waite

Institute as compared to large fields at lfilang. The differences in the

chtysopicl populations at Milang and lVaite Instjtute nay have been due to

the predators in the large fields relying heavily on one or tu/o species

of aphids found in the area. The presence of several species of aphids

on many different host plants around the Waite Institute potato plots

ensured a greater amount of horreyderv and pollen available to the female

chrysopids. Honeydew (Hagen et aL., 1970) ancl pollen (Sheldon and

Mcleod, 197I) have been reported to be essential to female chrysopids as

a nutrient for egg production but the availability of sufficient honeyclew

depends on the presence of very high aphid populations. The aphid

populations at Milang nay have been too small to provide an adequate supply

of honeydew for the predator populations to increase to large numbers. As

a consequence, chrysopid populations u/ere able to reach a relatively trigher:

level at Waite Institute.

But, nevertheless, chrysopids were less nunerous than have been

reported in potato fields elsewhere e.g. in lr{aine, U.S.A. (Shands ctt aL.,

L972e)'in rtaly and srvitzerland (Mackauer and way, rg76) and their

relatively J.orv numbers rnay have been due to the srnall population of aphids.

Predators - Syrphidae

Syrphids rank as rnajor natural enemies of aphids on potatoes

(Mackauer and lliay, 1976), but there rvere found to be relatively uninportant

as predators of potato aphids in this stucly. T'he relatively low numbers
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of syrphids ilr potato fields at Milang and lVaite Instituge nay have been

due to a lack of po1len which is the nain food of the adult syrphids

for ovigenesis (Banlcs, 1959; Barlow, 1961).

All the syrphids belonged to the one species, MeLangAna Diridiceps,

a native predator. This species was reported by MaeTzer (7977) as one

of the major pÌedators of rose aphids in the spring in South Australia.

Very little is known about its ecology and role in controlling aphid

infestations in Australia.

Parasit es

The only parasite recovered from parasitized mummies of aphids

(mainly M. persícae) is in potato fields in this study was DiaeretielLa

r,apae (McIntosfh) (Fan. Braconidae). Two species of hyperparasites were

recovered, namely PfuzenogLyphis sp. (Fam. Cynipidae) anci Dendtocerus sp.

(Fan. Ceraphronidae), from mumnified 14. persieae. D. vapce has been

recorded as a parasite of M. persícae fron all the nainland states (ex-

cluding Northern Territory) of Australia, New Zealand, Hawaii, North and

South America, Eur:ope and Africa (Dr. I. I'iaumann, person. cornm,).

The seasonal abundance of parasites (expressed as nmnrmi.es) as shorvn

in Figure 9 for Milang and in Figures 7 and I for l{aite Institute. In

general, parasitized aphids or rnummies c.onprised an average of 6.6eo it't

the 1978-79 and }eo ín the 1979-80 crop period at lr{ilang while at Waite

Institute the¡' comprised 7.3% (1978-79) and L3.2% (1979-80) of the total

population. In spite of some variation between crop periods and

localities in the number of mummies counted, the abundance of parasites

seemed to be closely related to the apliid population pealcs at ltJaite

Institute potato plots. At lt{i1and, tl-re peak in parasite abu,rrlance
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occurred after the peak in aphid populations in r97g-79 crop period,

but in the 1979-80 period parasites were virtually absent.

The data in this study i'ndicate that parasitisn of potato aphicls

in untreated fields during the trvo-year period (197s-g0) was neither

consistent from year to year nor: particularly conmon. Shands et aL.

(L972) amived at a sinilar conclusion from the data they obtained during

a t2-year period of study.

Entomogenous 1

Figures 7, I and 9 show, at both localities, the magnitude of the

relative abundance of the dead and cliseased Irl. pez,sice,e over the two-year

period on the field-grorving potato plants not treated with insecticides.

The fungus isolated frorn field specírnens of M. persieae was identified as

Entomopthora sp. (= zoopthora. sp. as from May l9B1) (Dr. D.E. pinnock,

person. comn.). The data indicate that in autumn (March-May) 1979 the

occurrence of fungal infection was relatively low (71.7u"7 at Waite

rnstitute and that there was no infection at Milang. By contrast, in
autumn 1978 38 .6eo and 44.4% of the aphicls were infected at Milang and

Waite Institute respectively. Since the developrnent of entomogenous fungi

for the initial establishment of the disease in the field is dependent on

the wea.ther, and in particulary on heavy and frequent rain (ullyett and

schonken, 1940; shands et aL., 1g6s), rhe relatíonship of incidence of

fungal infection with rainfall was exanined. At both localities, the

total rainfall for March, April and lvlay was rorver in l9B0 (91 nrn for
Miland and 119 mm for l\raite Institute) than in 1979 (117 nm for Milang antl

145 nur for lVaite Institute) (Fig . 2O), ancl thel-e hras a lower fungal

incidence in 1979 than in lg7B.



Figure 20: Climate in the two localities (A - Milang,

B - Waite Institute):

Black circles and white circles shorv nonthly

¡nean maximurn and ninirnum temperature respectively.

White bars indicate total nonthly rainfal1.
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Other natural enemies

Other natural enemies such as birds, spiders, predaceous hemipterans

and other predaceous dipterans were rarely observed and their nurnbers were

too few and presurned to have negligible impacts on the populations of

potato aphids. Nevertheless, these natural enemies have been known to

supprcess aphid populations includíng M. pez'sicae in other parts of the

world (Hagen and van den Bosch, 1968; Mackauer and Way, 7976).

Dispersion of aphids during further development of populations

In late sunmer the invasion of potato ctfops by migrant forms of

M. persicae was followed by a rapid mtrltiplication of the aphid population.

The frequency distributions of aphids per leaf quickly diverged then fron

a Poisson series, indicating a non-random or 'rclumpedil distribution of the

population. This developnent of the distribution pattern of aphids has

been well studied by Bald et aL. (1953). There is little doubt that a

similar pattern of development occurred for the aphids in this study.

Each sample that rvas taken was stratified so that, at arty sanpling

time, differences in the number of aphids on upper, middle and lower

leaves could be tested by an analysis of variance. In the early stages

of infestation of the crop, aphids were most numerous on the lower leaves

(Tables 16. 17 and 18), suggesting that the alate M. pez,sicae settled in

largest numbers on such leaves. Later there was a tendency for aphid

numbers to be equal on lowe:: and niddle leaves but still fewer on upper

1 eaves .
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Table 16: Sununary of the analyses of variances of the distribution of
apterous M. persicae on upper, middle and lower leaves of
potato plants in the unsprayed and sprayed fields at various
sarnpling dates at Milang during the 1978-79 period.

Mean no. of aphids/leaf
Sarnpling date Upper Middle Lower PF

Unsprayed fields:

26 Mar.

2 Apr.

10 Apr.

17 Apr.

25 Apr.

50 Apr.

I979

7979

7979

1979

r979

r979

o.2

3.0

IB.2

10.6

2.3

3.5

2.4

7.4
30.0

1s.9

24.5

3L.4

24.3

0.6

13.0

29.6

L9.2
'5.2

5.0

L2.0

23.5

61 .5

47 .s

s7 .4

63. 9

26.7

2.2

15.2

44.3

34.6

4.6

2.8

37.4

3L.L

L02.9

75.5

56. s

42.3

17.3

3.73

9.49

L.29

L.47

0.74

0.56

25. 1s

6.81

11.15

8. 48

5.98

3. 15

0.58

<.05

<.05

>.05

>. 05

>.05

>. 05

<.01

<.01

<.01

<.01

<. 01

<.05

>. 05

Sprayed fields:

26 Mar.

2 Apr.

10 Apr.

17 Apr.

23 Étpt.

30 Apr.

7 l(ay

1979

1979

r979

1979

r979

1979

1979
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Surrnary of the analyses of variances of the distribution of
apterous 14. persice.e on upper, niddle and lower leaves of
potato plants in the unsprayed and sprayed fields at various
sanpling dates at Milang during the 1979*80 period

Mea¡ no. of aphids/Leaf
Sampling date Upper MiddLe Lower F P

Unsprayed fields:

17 lt{ar .

24 Mar.

31 lvlar.

4 Apr.

14 Apr.

198 0

198 0

1980

198 0

1980

0.1

0.2

0.2

0.6

6.9

0.2

0.7

1.6

76.2

203.1

1s8.4

0.1

0.1

0.3

2.8

24.5

0.4
'))
6.4

4s.4

29L.3

195.0

1.0

0.8

0.5

8.5

2T.L

0.6

7.3

L2.0

s6. 5

209.s

L7L.2

3. 16

0.79

0.29

4.44

2.7L

2.80

B .61

8.47

8.23

1 .84

0.10

<.05

>. 05

>. 05

<.05

>. 05

>.05

<.01

<.01

<.01

>.05

>. 05

Sprayed fields:

24 Ma'r.

31 Mar.

7 Apr.

14 Apr.

22 Ãpt.

28 Apr.

1980

1980

198 0

198 0

198 0

198 0
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Summary of the analyses of variances of the distribution of
apterous M. persicae on upper, middle and lower leaves of
potato plants in the unsprayed plots at various sanpling dates
at Waite Institute during the 1978-79 and 1979-80 period.

Mean no. of aphids/leaf
Sanpling date Upper Middle Lower F P

r978-1979:

8 Mar.

15 Mar.

22 Mar.

29 l{ar,
5 Apr.

13 Apr.

26 Apr.

t979- l980:

27 Mar.

3 Apr.

10 Apr.

17 Apr.

24 Apr.

I May

8 May

1979

I979

7979

r979

r979

r979

r979

0.1

0.6

2.L

0.5

7.5

1.8

2.8

0.8

3.1

4.1

2.9

2.0

8.1
4.7

t.2
1.4

5.5

2.8

1.0
6.1

16. 1

2.7

6.6

6.4

9.2

4.7
19 .8

7.7

1.1

3.5

6.2

0.6

1.5

11.9

72.1

1.8

10.1

r0.2
L2.2

7.6
18.6

6.7

4.52

6.07

2.79

3.02

7.42

3.72

2.4s

2.50

6.46

6.6L

15.35

4.94

2.97

0.51

<.05

<.01

> .05

>.05

>.05

<.05

>. 05

<.05

<.01

<.01

<.01

<.05

>. 05

>.05

1980

1980

198 0

198 0

1980

1980

1980
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These results indicate that there i-s a considerable heterogeneity

in the distribution of the aphid population on different parts of the

plarìt. In relation to such Ìreterogeneity, BaId et aL. (1950) suggested

(i) a negative correlation between the activity of aphid vectors and

heterogeneity of theaphid population and (ii) a positive conelation

beth¡een the actívity of aphid vectors and the probability of the aphid

causing leaf ro11 infection. Bald et aL. (1950) believed that the less

favourable the conditions such as overcrowding or poor nutritive value

of leaves, the more likely were the aphids to move and wander; and

provided they could feed on diseased tissues and becorne infective, the

more likely they hrere to act as vectors.

Therefore, it is important that the method of sampling takes into

consideration the heterogenei.ty in the distribution of aphids in different

parts of the p1ant.

Sanpling precision and optinurn sample size

Analyses of the frequency distributions of aphids at Milang and

Waite Institute by the ¡2 (Chi-square) gooCness-of-fj-t tests showed that

the distributions could be fitted by the negative binonial nodel in most

cases (B out of 72 sampling dates for Waite Institute and 7 out of 11 dates

for Milang) at P<.05. The value of the paraneter k of the negative

binomial distribution for each sample was obtained by the method of maximum

likelihood estimate (Fisher, 1955). For the calculation of optintrn sanple

sizes a conmon k was cornputed using Ansco¡nbets T nethod (Anscombe,1949;

Har:court, 1963). Optimum seunple sizes were basecl on the statistics of

the negative binomial distribution and with the coefficient of variability

used as the estimation error (Anscombe, 1948) or precision parameter
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(Sinonet and Pienwoski, 1979). The formula:

lrf =

11
-+-mk (Karandinos, I976; Southruood, 1978)

E

was used to estimate the optinum sarnple sizei where N = the number of

leaves required, Ilt = the sanple mean, k = the dispersion parameter and

E = the estínation error expressed as a decinal equivalent of the co-

efficient of variability. Tables 19 and 20 show the estirnation errors

of sarnpling aphids on potatoes using the 3-1eaf nethod at Miland and Waite

Institute respectively. A different k value for each sampling date was

used to calculate the estimation error (E). Figures 21 and 22 show the

estimates of optimurn sanple size (number of compound leaves) fot M. persicae

infesting potato plants in large fields at Milang (Figure 21.) and in snall

plots at Waite Institute using common k values of 7.25 (for Milang) and

L.70 (for Waite Institute) .

These curves indicate that the sample size used in the populatiort

suïvey (namely 99 leaves per field at lt{ilang and 50-60 leaves per plot at

Waite Institute) gave estimates of the rnean number of aphids per leaf that

were accurate with 20% C.V for populations of more than 0.4 aphids per

leaf (for Milang) and for more than 0.5 aphid per leaf (for lttaite Institute).

They also indicate that the sampling precisions of 0.10 and 0.05 recornmendecl

by Southwood (1966) and (1978) respectively, usually entail sanple sizes

that are so large that they are inpossible to obtain in practice; more

,usually a precision of 0.30 or so nay be regarded as adequate (Maelzer,

1e82).

2
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tlstination errîors in relation to the number of leave-s examined
and ¡nean number of M. pez,sícae per,leaf at various sampling
dates for Milang during the 2-year period (1978-80).

Sampling date Field
Mean

number
of aphids
per leaf

lfumber
of

1 eaves
exanined

k
Estimation

erl0r
(E)

26 Mar.

2 Apr.

10 Apr.

17 Apr.

23 Apr.

26 Mar.

17 Apr.

7 Apr.

14 Apr.

7 Apr.

14 Apr.

I979

7979

7979

7979

7979

7979

L979

198 0

198 0

1 980

198 0

0. 96

8. 93

30. s6

20.69

3.67

L7 .00

43.27

0r.8 9

77.74

6.68

39.42

0.s7

0.39

0.81

0.68

0.22

1.53

r.79

0.r7
0.70

0.86

0.47

0 .18

0.16

0. 11

o.72

0.22

0. 08

0. 0B

0.27

0.12

0. 11

0.1s

^2

^2
A2

^2
A2

L20

to2

99

99

99

99

99

99

99

99

99

c

C

F

F

G

G
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Estination errors in rel ation to the number of leaves exanined
and rnean number of M. persicae per 1eaf at various sampling
dates for lVaite Institure during the 2-year period (1978-S0)

Sanpling date Plot
Mean

number
of aphids
per leaf

l'fumber
of

Ieaves
examined

k
Estimation

eTror
(E)

29

5

3

t7

I
I

I5

I
15

22

29

5

Mar.

Apr.

May

May

May

May

May

May

May

May

May

June

L979

r97 9

r979

L979

1980

1 980

1980

198 0

1980

198 0

198 0

1980

51

51

51

51

60

60

60

60

60

60

60

60

L.79

0.55

7.20

2.0L

1. 09

4.38

0. 93

2.63

0.99

1.L2

0.60

1.15

0.11

0.20

0.14

0. 10

0.13

0. 0B

0.1s

0. 10

0.14

0. 14

0. 18

0.1s

^2

^2
B2

B2

I0.20

4.86

6. s1

s.61

L5.37

5. 93

4.67

3.92

4.07

3.40

2.6s

2.20

I
I
I

J

J

J

J

J



Figure 21: Estirnation of optirnum sample size for

M. persícae on potatoes at Milang based

on a conmon k value of 1.25.
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Figure 222 Estimation of optim.rm sample size for

M. persicae on potatoes at lVaite Institute

based on a conmon k value of 1.70.
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t of natural enemies on seasonal abundance of
M. per.sLea.e on potatoes

The data in this study suggest tht tlìe lvhole natural enemy complex

was able to suppress the spring peak of M. persicae iii potato fields in

each of the 2 years of tl're study. The aphid has the potential to

increase to rnuch higher numbers and, indeed, its numbers were observed

to be 3-15 fold higher in potato fields which h/ere treated with

insecticj.des. The effects of insecticide applications on both the

natural enerny and aphid population will be discussed in the later

Suppression of potato aphid populations, nainly M. pez's'Leae,

observed in spri-ng of 1979 and 1980 at Milang, and in spring of 1980 at

Waite Institute nay be attributed to predatorb action;. The aphid

populations declined after the auturnn peak in both periods and at both

locations; these declines are probably mainly due to the increasing

unfa,r¡ourability of weather and its influence on the quality of the host

plants (Ftughes, 1963). A portion of the decline may have been due to the

actions of natural enemies (Shands et aL.,l972e) arrd to the ernigration

of alate aphids frorn potato fields (van Emden et aL., 1969),

As is evjdent in Figure 7, a smal1 peak of M. persicae was observed

in the Waite Institure plots in spring (Septernber-October) f978 but not

in spring 1979. I attribute the peak in spring 1978 to the influx of

spring migrants of M. pez,sicae r^¡hich ruere flying from their winter hosts,

especially peac.hes, to the nearby potato plants. The main source of the

spring migrants lvas a block of peach trees in the vicinity of the potato

plots. Flowevet, in the following, sumrner (February, 1979), all the peach

trees were cut down and removed. This removal was probably the main factor
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v¡hich resulted in the disappearance of the spring peak of M, pensicae at

the lVaite Institute.

Comparisons of the phenologies of the different groups of preclator

(Figs. 7-L0) show clearly that predation by the hernerobiid, M. tasmaniae,

is the nost important, especially in the spring. 14, tasmætiae was

present in the potato fields at both localities almost all the year round

with the peaks of the different stages in the life cycle occurring in

succession. Not only d,íd14. tasmaníae appear to be the nost abundant, it

was also the predator that appeared earliest in the potato fields in spring

and the last to disappear in late autumn. The importance of early season

predation on slow1y developing aphid populations has been judged by nany

authors to be of great significance in delaying or pleventing pest

outbreaks (e.g. Neuenschlvander et aL., 1975).

The predators seemed to be unable to prevent aphid populations

increasing rapidly to a high peak in numbers in April-May. During this

period the weather tende<l to favour the aphids more than the predators;

at the lower, tenperature then prevailing, the predators developed rnore

s1ow1y, especially the coccinellids, chrysopids and syrphids which have

higher thermal threshold for development than hemerobiids (Neuenschtvander

et aL., 1975; Samson and Blood, 1979). In contrast to early incidence

and abundance in spring, M. tasmaytiae appeared late in autunn each year

and in relatively snall ntrmbers; suggesting that it has difficulty in

surviving the hot Australian sunner - at least in or near the potato fields'

Sinilarly, coccinellids have been known to disappear in hot st:tnmer

(Neuenschwander et aL., 1975).
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Syrphid larvae were not irnportant in the years covered by this

study in the two localities, in contrast to their importance in many crops

overseas (Tanaki e1; aL., 1967; Flagen and van den Bosch, t96B). The

low abundance of s¡.rphids in the study fields may havc been due to the

size and unifornity of the fields, particularly at Milang, which have

little attraction to the po1len-feeding syrphid adults (Banks, 1959;

Bombosch, 1966; Galeka, 1966).

The green lacewing, Clrcysopa sp. became inportant in late spring and

su¡nmer when coccinellj.d and syrphid numbers r^rere beginning to decline.

The coccinellids may then have been leaving the field because of diapause

induction (Neuenschruander et aL., 1975).

fn contrast to predators, parasites were of little inportance in

either of the two localities in the 2 yea'rs of study. 0vera11, parasitism

of M. persicae never reached 50 aphids / 99 leaves.

0ther causes of death included fungus diseases occurred irregularly,

though they nay have contributecl to the aphid population crash in 1978-79

season at both localities. On the rnediterranean-like climate which is

typical in rnost parts of South Australia, the sma11 inpact of fungus on

aphid populations is to be expected fVoronina, 1971).

Effects of insecticida.l applications otl aphids and natural enemies

In the I97B-79 crop periocl, aphicls and natural enemies were sampled

from untreated and insecticide-treated f,ields simultaneously fron March 5,

1979 to May 7, 1979, In the 1979-80 period, similar samples ruere ta.ken

frorn March 10, 1980 to May 6, 1980. In 1978--79 the treated and untreated
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fields were separated by a. distance of 0.5 kn whereas in 1979-80 the two

fields were separated by a distance of only 100 n.

Results showing the trends in the numbers of M. pez,sicae, and eggs,

larvae and adults M. tasmaniae are shown in Figures 23 and 25.

The numbers of other predators are not included because their numbers are

comparatively very low. Figure 23 shows that the numbers of M. persicae

were higher in the sprayed fields than in the unsprayed fields in both the

1978-79 peliod (2-fo|d difference at the peaks) and the 1979-80 period

(13-fo1d difference at the peaks). The numbers of M. tasmattiae eggs and

lalvae were also higher in the unsprayed field in the 1978-7 9 season,

while numbers of adult M. tasmøtiae were almost equal. Howevet, in the

1979-80 season, the situations were reversed, whereby M. tasmøtiae eggs

in the unsprayed field were fewer than those in the sprayed fie1d. By

contrast, the number of M. tasmaniae larvae in the unsprayeC fielcl far

exceeded those in the sprayed field before the aphid populations begin

to increase. No larvae were found in either field, in subsequent sanples.

Adults of M. tasmaniae hlere generaLly found in low nurnbers in the early

stages of infestation in both fields. Adults Ì{ere not found in either

field in¡nediateLy aftet the insecticides were applied but they were found

again in the sprayed field after the aphid numbers had passecl their peak.

The evidence seens to indicate that there hÌas a-n adverse effect of

the i.rrsectj.cide application on the abundance of Ìul. pensicae and its

predator, M. tasmani.ae. The large number of eggs of. M. tasmcmiae found

in the sprayecl fj.eld during the 1979-80 period before the application of

insecticide rnay be explainecl by the fact that, in the sprayed field, food

for the strrviving predatcrs was plentiful ancl so the adult fenale

prerlators were able to 1ay many eggs. Sinilarly, as the toxic effects of



Figure 23: Effects of insecticide application on abundance

of M. persí.eae (per 99 leaves) and eggs (per 99

leaves), larvae and adults (per 33 plants) of

M. tasmaniae at Milang during the 1978-79 and

1979-80 period
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Fígu're 24i Relationship between the rate of increase

in abundance and the abundance of aphids

(M. persíeae) at Milang during the 1978-79

and 1979-80 period.
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the insecticide deteriorated and at the same time food for the predator

was still abundant, the predator populatíons increased as reflected by

the high nunbers of adult M. tasmaniae samplecl in the sprayed fiefd

after the peak infestation periods.

Fígtte 24 presents the relationship between the abundance of

M. pensícae and the rate of increase in al¡undance of M. persicae. The

value of the rate of increase in aphid abundance (P) was calculated as

described in Section 4.2. The P values calculated at weekly intervals

show sorne variation due to the fact that aphids, like M. persicae, are

a rnaterial of great pasticity (Galecka, 1966). Horvever, their general

trends in the I97B-79 and 1979-80 crop periods appear to be similar. In

the unsprayed field each trend is characterised by a rapid fa11 following

a sharp rise. The lowering of the rate of increase in aphid abundance

began when the P value was stil1 positive. In the unsprayed field the

lowering of rate of increase occurred when the abundance of M. persicae

was sti1l on the increase, whereas in the sprayed field, it occurred

after the populations had begun to decline. The values (P) of the rate

of increase in aphid abundance in the sprayed field is characterised by

a slight decrease at first, then an increase a¡rd finally a very rapid fa1l.

The rate of increase in aphid abundance may be used as a measure of the

intensity of the actions of predators, mainly M. tasm.øtiae, as the

population reducing factor. The relationship betrveen the rate of incr:ease

of M. persicae abundance and the abundance of M. tasmaniae 
"gg, å shown

in Figure 25. The regularity of the trencls in numbers of M. tasmaniae

eggs $ras observed during the 1978-79 ancl 1979-80 periods, even though the

weather was slightly different each year.



Figure 25: Relationship between the abundance of
predator (M. tasmaníae) eggs and the rate
of increase in abundance of aphids

(M. persicae) at lt{ilang during the 1978-79

and 1979-80 period.
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In the insecticide-treated field in 1978-79 (Field C), the popula-

tions of M. persicae were almost doubled as cornpared to the untreated field

(Field A2). In 1979-80 (Field G), there was nearly 13 times more

M. persica.e at peak infestations in the sprayed field as compared to the

unsprayed field (Fie1d F) . The big increase ín M..persicae populations

in 1979-80 resulted in 5 times nore aphids compared to those experienced

in 1.978-79.

Discus s ion

The suppressive effects of natural enemies including predators every

year over a period of ten years as rîeported by Shands et aL, (I972e) for

Maine, U.S.A. are no doubt correct, not only for Maine but also throughout

¡nuch of the distribution range of M. persicae (van Emden et aL., 1969).

However, where there u/as no obvious catastrophic mortality, alnost the

only conclusive evidence of the ínpact of natural enernies on M. persicae is

providecl by the outcomes of applying insecticides which selectively ki11

natural enernies (van Emden et aL., 1969). Evidence presented in this

study have illustrated such an undesirable outcome.

Evidence of explosive increases in M. persicae populations offer

treatment with insecticide have previous1y been reported by several

authors overseas. Meier (1966) in Switzerland reported an S-fold

increase ín M. persicae populations 6 days after treatment with carbatyl.

Sinilarly, in Minnesota, U.S.A. greater ratio of increases in M. pensicae

populations which resulted in more than 10 times more M. pensicae in the

clreck populations i^rere found (Radcliffe, 1973, 1973). Several reasons

have been suggested by these rvorkers. Anong these ar:e: a) the selective
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elimination of natural enemies, orb) a lag in the establishrnent of

natural enemies (Meier, 1966; Radcliffe, 1972, 7973) and c) resistance

of aphids to the insecticides, particularly the organophosphorous compounds

(Radcliffe, Ig72, 1973; Hrdf, 7975). Either of these leasons may have

been responsible for the adverse effects of insecticidal applications

upon M. persícae populations in this study. On the other hand, very

few studies have been conducted to determine the direct effects of

insecticides on both predators and their prey (Croft and Brown, 1975).

Insecticides nay have caused adverse effects on 14. tasmaníae found on

potato fields in this study. The fact that, sometimes numbers of M. tasmaniae

increase again after an apparent decline caused by insecticides is probably

because some of the stages are more tolerant than others. This phenomenon

has recently been investigated by Syrett and Penman (1930) who reported

that larvae of M. tasmaniae rvere fifteen times more tolerant to

insecticide fenvalerate than the adults "

Recent eviclenc.e by Syrett and Penman (1980) that adult M. tasmøtíae

were 60-120 times rnore tolerant to fenvalerate than the aphids gives

M. ta.smaniae a further advantage in an integrated control prograrûne

involving fenval erate.
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CHAPTER 5

PREDATOR-PREY RELAT I ONSHI P

Numerical changes in the population of prey and predators obtained

fron sampling data are difficult to interpret in the absence of any

other knowledge of the biological and ecological characteristics of the

predator-prey relationship. To help interpret the field data given in

the previ-ous chapter, therefore, a series of experiments were done in

the laboratory to estinate some of the properties of the predators,

especially Mierorm,ts tasmaniae, and to determine how weather (temperature,

light a¡d % relative humidity) influenced the preadtor-prey relationship.

The experiments were conducted either in constant temperature rooms

or in plant growth cabinets and included an examination of the feeding

habits of larvae of 14. tasrnøtiae and the deternination of their minimum

food requirements, voracity and weight gain as they developed. Experi-

ments were also done to measure the nobility, searching capabili-ty and

efficiency of the larvae in relation to tenperature and abundance of

both prey and other predators.

5.1 Mininum food requirement for M. tasmaniaelarvae

Introduction

All adult predators require to eat a nini.mum nurnber of prey for egg

production" A mininrmr number must also be eaten in the larval stages to

provide the required nutrients and energy for: maintenance, searching;, grorv-th

and development (Hagen et aL., L976). The number or bio:nass of prey
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Tequired for these functions depends in part upon the size of the

predator (ibíxl).

The aim of this experiment was to determine the ninirnum quantity

of aphids required for 50% and 100% survival for each larval instar of

M. tasmani.ae and the effects of food had on the duration of the larval

inst ar.

Materials and Methods

An experiment vlas conducted in a 20oC room under I2zI2 LD photophase.

Eggs oviposited on the same day were individually transferred into a glass

tube (50 nn long x 5 nm in dianeter) by neans of a soft camelrs hair brush

and were incubated at 25oC.

First insta-r M. tasmaniae was reared on treatment number of prey as

given in Table 22, then reared on an adequate number of prey as second

and third instars. Second instar M. tasmartiae was given a surfeit of

food as first instar, then given the treatments as second instar, then

given a surfeit of food against as third instar. Third instar ¡/. tasmaniae

rvas given a surfeit of food as first and second instars and then given the

treatments as third instars.

Each larva was kept with the appropriate nrmber of prey in a sna1l

plast.ic cage (38 mn diameter x 10 mn higtr) which consisted of a soft

plastic top of a plastic vial fitted snugly into a clean plastì-c petri-dish

Aeratj.on was províded by a 10 nrn hole covered with fine mesh. Before the

predator and the prey were placed inside the cage, the botton of the case

rvas lined with trvo laysr'r of filter paper:s. A 35 urn diarneter disc of

potato leaf was then placed inside the cage and was kept fresh by regularly
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wetting the filter papers with distilled water. Every 24 hours, the

cages were opened and the number of aphids eaten by the t"tlrt" ,ffi

recorded. The surviving aphids were discarded and replaced with fresh

ones. The leaf disc and the filter papers were replaced every alternate

day.

The duration of each larval instar of M. tasmaniae for different

food regimes vìras a1 so neasurecl by recording, each day, when each larva

noulted.

Results and Discussion

The results are presented in Table 21. The numbers of third

instar or third-instar equivalents of. M. persieae required for survival

of 50eo of the preadator larvae were about 3.7 for first instars, bettveen

3.7 and 6.6 for second instars and about 53.8 for thir<i instars.

Suboptimal amounts of prey per day obviously influenced both the

survival and the duration of developnent. Increase in the nunber of

larvae surviving was observed when the feeding rate was increased.

Sinilar results have been obtained for coccinellid predators when feeding

on different species of aphids (Dixon, 1959 and 1970; Wratten , 1973).

Also, the duration of each successive 1arval instar of IvI. tasmaniae. was

longer than that preceeded it. The same was true for coccinellid,

AdaLia bipunctata (ibíd).

It was of i-nterest that the mean totat number of aphids eaten during

the stadium changed very 1itt1e when the number of prey tvas increased from

2 to 3 or: 4 per day but then about doubled for eac.h larval instar when

L2 prey hrere provided. fn addition, for eacl-r instar, over all treatments
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The effect of the quantity of M. persicae provided each day
upon survival and instar duration of M. tasmaniae.

No. of
aphids
provided
each day

No. of
larvae
tested

No. of
larvae
surviving

of aphid
and TIES

eaten
Ave. total no. Ave. instar duration

(days I S. E. )
s
1

in brackets

First instar larvae:

1

2 First
3 instar
4 aphids

72

35

20

19

73

10

0

11

L4

11

9

0

r2.B (3.7)

!3.6 (5. 8)

L4.2 (4.1)

2e.6 (8. s¡

3.7

6.6

8.4

6.8

f3.2

0

35.8

23.9

25.5

52.4

6.9 ! 0.73

4.9 r 0.36

3.7 ! 0.74

3.0 I 0.00

5.0

3.2

5.0

2.7

2.0

2.08

0. 30

0. 00

0.2L

0. 00

Second instar larvae:

I
2 Third
3 instar
4 aphids

L2

3

7

5

6

5

8

7

5

6

5

+

+

+

+

+

Third instar larvae:

1

2 Third
3 instar
4 aphids

I2

9

10

7

4

5

0

6

7

4

5

L6.2 ! I.28
8.3 t 0.52

6.8 r 0.48

3.8 t 0. 20

1 TIES - Third Instar Equival.ents (1 third instar M. persicae ís equiva-
lent to 3.5 first instars M. pez,sicae).
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in which the nortality of larvae was very low, the mean total number of
prey eaten x duration of developnent was about constant. So it seems

that the larvae of M. tasmaníae can complete their developnent at fairly
low prey densities, and at these low prey densities they eat a totar of
about one half the number of prey that would be eaten if prey was abundant.

5,2 Grorvth and voracity of larvae of M. tasmætiae

Introduction

The feeding rate of a predator as neasured by its voracity in eacll

of its instars, is recognized as an inportant characteristic (liodek et aL.,
7972). The only previous work done on the vorac ity of M. tasmaniae is
that of Samson and Blood (1980) who used Heliothis punctigera wallengren

as the prey. But although M. tasmqniae is an inportant and abundant

predator of aphids on roses (Maelzer, rg77) and aphids on lucerne

(Bislrop et aL., 1980) its voracity on aphids has never been measured.

This experinent was conducted to determine the nunbers of Il. persieae

of different ínstars that l{ere consumed by larvae of M. tasmaniae in each

stadiurn, and the influence of such consumption on the change in wet weight
of the larvae.

Materials and Methods

The gain in weight and voracity were measured for seven M, tasmaniae

lar:vae fed on first and second instar of M, pez,sieae at 2o t 2oC ancl under

LD 11:11. Eacl'r larva r^ras kept in a separate cage as described in
Section 6.1 and fed a contïolled surfeit of aphids every 24 hours. Each

larva was weighed trvice claily at 10.00 a.m. and 4.00 p.n. The number of
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aphids it ate every 24 hours was recorded. Larvae were fed with lst
instar M. persicae du'ríng the first larval instar and with Srd instar

M. pez'sicae duríng the 2nd and 3rcl larval instars. A fresh surfeit of

15 lst instar aphids was given every 24 hours to 1st l-nstar larvae while

15 and 30 3rd instar aphids were given to 2nd and 3rd instar larvae

respectively. The uneaten aphids were discarded.

Results and Discussion

Table 22 gives the number of aphids of appropriate instar eaten by

larvae throughout the larval developrnental periods. enly one out of

seven larvae failed to complete its development. Figure 26 shows the

trend in mean weight of all larvae during their development. The trend

is not linear and is better expr:essed as a series of smooth curves which

have been drawn by eye. Similar trends in mean weight of a cocci.nellid

predator, Leis eonforrn'Ls, at 20oc has been observed by Maelzer (1g7g).

Small decreases in the slope of the curves at day 2, 4 and 7.5 coincided

with the moulting period to the next instar and the change to prepupae

(Maelzer, 1.978). rt can be seen fi:om Figure 22 and rable 2i that the

voracity of larvae of M. tasmaniae similarly decreased before a moult as

do other predators (Hodek, L973). Therefore, the capture efficiency of

M. tasmqniae is expected to .r'ary with the stage of developnent of the

predator within the stadiun.



Figure 26: Weight of larvae of M. tasmaniae during development

at 2Oo t 0.2oC. Arrows indicate approximate

weights and times at the end of the 3 larval stadia.

P marks the change to prepupa.
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TabLe 22: Observed mean weights of M. tasmartiae larvae^
cluring eight days of their developnent at 20oC

Days
after
feeding

Observed
mean weight
(mg I S.E.)

Mean nunber of aphids
eaten

Instar I Instar III

0

1

2

3

4

5

6

7

0.04s

0.205

0.208

0. 648

o.687

L.33L

2.604

2.894

0. 003

0. 002

0. 007

0. 046

0.029

0.164

0.188

0.253

3.0

1.0

10. 8

+

+

+

+

+

+

+

+

0.5

5.2

!3.2

L0.7
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5 .3 Probabilit ofc 1 e and eTence larvae of
M. ae at erent temperatures

Introduct ion

The processes of encounter and capture appear basic to every

predator-prey interactions. In all situations, the predator nust first

of all encounter the prey. It must then capture the prey and its ability

to do so will depend on properties of both the predator and the prey.

A predator nay exhibit preferences for sone prey over others because they

are more readily encountered or more readily captured or both. In the

field, predators usually have a choice between rnore than one age group or

ttspe of prey. Which prey they choose under various circumstances rnay

have inportant consequences for both the predator and prey populations.

Changes of preference in response to pr¡ey frequency may result in the

rnaintenance of polymorphisms within a species or coexistence of different

prey species (Murdoch and Marks, 7972). A1so, a predator'rs preference

for older adult aphids which had already reproduced or whose death had

litt1e inpact on the population may result in ineffective control (CIark

and Bronn, 1962).

The ains of this expe::iment rvere to (a) neasure the probability of

capture of larvae of M. tasmaniae in capturing different instars of

M. persieae and (b) determine whether there was any preference by larvae

of M. tasmarliae for different aphid instars at different temperatures.

Materials and Methods

The predators and aphids used in this experiment were obtained from

insectary culture. Larvae of M. tasmaniae were taken out of the incubation

units within 24 hours after they had hatched.
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The experinent was conclucted in constant temperature roons at 15oC,

20oC and 25oC under LD I2:I2 and rvas clivided into two blocks because

linited resources were available, particularly labour and test insects.

The second block of the expe::irnent r4¡as conducted innediately following

the completion of the first. There were four treatments in each block

consisting of different conbinations of instars of M. persieae which were

fed to each of the two larvae (two replicates) on each day of their larval

developrnent (Tabl e 24). The aphids were fed to the predators on potato

leaf discs inside sma1l cages as described in Section 5.1. The treat-

ments were randomized each day amongst the 8 larvae.

The bottom numbers of Tabl e 23, show thaJlach of the days during
^

the lst larval instar, the 8 larvae were given a total of I20 aphids

in the ratios 7z2z2zl (first:second:third:fourth instars); and on each

of the days during the 2nd and Srd larval instars a total of 280 aphids

were given in the ratios 2zI:L (second:third:fourth instars). These

ratios were converted to percentages of the total prey presented. The

proportion of any aphid instar eaten on one day was sinilarly estimated by

totalling the nunbers of that j-nstar eaten that day by each of the 8 larvae

and dividing the total then by the total nunber of prey presented. The

proportions h/ere expressed as percentages.

It shoulcl be noted that thi.s experiment was clesigned to be analysed,

as did Maelzer (1978), by pooting the results of all treatments for each day

rather than by treatrnents. The treatnents were included to test preference

over a range of probabilities of occurrence of different aphid instars

(Maelzer, 1978 ) .
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TabIe 23: Nunber of M. pensícae of different instars fed to larvae
of M. tasmaniae.

No. of aphids given to
lst instar larvae

No. of aphids given to
2nd Ê 5rd instar larvaeTreat-

nent
number

Instar
I

Instar
II

InStAT
III

Instar
IV

Instar
II

Instar
III

Instar
IV

1 10

10

10

5

5 15 5

15 15

20 10

20 5

15

10

5

55

5

55

2

3

4

Total 35 10 10 70 35 355
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The probability of capturing prey was calculated from the ratios

of (percentage of instar eaten) / (percentage of total prey) for each

laryal instar. The ratios have been foun<i often to be of the same

relative magnitude to each other as the probabilities estinated by Chesson

(1978) and Maelzer (1978).

For larvae to show preference for certain prey instars, the

percentages of prey eaten should be dissimilar to the percentages presented

(klaelzer, 1978).

Results and Discussion

To conpare the prey preference of larve of different ages within a

stadiun and at different temperatures, the temperatures have been con-

verted to day-¿ggrees above Z.6oC required for developnent so that the

duration of development of larvae at each temperature have then been

expressed in the appropriate interval of day-degrees with the predatorrs

stadium (Fig. 28). The data suggest that, at each temperature, ther:e was

a distinct trend in the probability of capture of M" persieae by larvae of

M. tasmaniae nanely an inc.rease in the probability of capture after each

moult to a peak and a decline just before noulting (Dixon, 1959;

Wratten, Ig73). The trend is nost rnarked at 15oC. The narked decreases

(as indicated by artor^rs in Figure 2ìl) in the probability of capture

correspond with the decreases in slope of the growth and voracity curve

-shown in Section 5.2 (Fig. 26). Again these decreases aïe nost marked

at 15oC. The data also indicate that the efficiency of M" tasmaniae

larvae in capturingM. pez'sieae increases with age and with each moult"



Figure 27 Probabilities of capturing different instars of

M. persicae by larvae of M. tasmaniae at three

different temperatures. Arrows indicate approxi-

mate marked decrease in probabilities of capture

and the end of the 3 larval stadia.
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Similar results have been obtained for coccinellid predator preying on

sycanìore aphid (Dixon, 1959, 1970), wheat aphi-d (Brown, Ig72), lime aphid

(Wratten, L973) and rose aphid (Chesson, 7974), but their nethods of

estimating probability of capture were different. Dixon (1959, 1970)

also found that all instars of AdaLia bipunctata and A. decernpunctata

were more efficient in capturing srnall aphids than large ones. However,

in this experiment, except during the early stages of larval development,

larvae of M. tastnaniae seemed to be able to capture efficiently both snal1

and large M" persíeae.

The efficiency of Adalia larvae in capturing large line aphids was

because of the aphid showing a variety of effective escape responses when

encountered (Wratten, L973). Whetheor not M. persica¿ shows effective

escape responses when encountered by larvae of M. tasmqniae is not known.

Tlre data of Figure 2l also indicate that the probability of capture of

p'rey by M. tasmarLiae larvae increases with tenperature. So too the

probability of lst instar M. Tosae being captured by 2nd instar Leis conforrnis

increased with tempeïature with a narked increase at 2SoC (Chesson, 7g74);

and the increased voracity with temperature recorded for coccinellids by

Dunn (1952), Sundby (1968), Maelzer (1978), and others is probabty also

due partly at 1east, to increased probability of capture resulting from

greater mobility of predator larvae as temperature increases. lvith

regards to chrysopid predators, sundby (196s)'found that cVwysopa. carnae

corrsumecl 25% nore aphicls at 2LoC than at l6oc indicating an increase in

predator voracity with increase in temperature. Because of rnarked influence

of tenperature on various aspects of the predator-prey re1ationship, the

effectiveness of M. tasmaníae may vary considerably in different clina,tes

(Hodek, 1961; Snith and Hagen, 1966).



727.

Variations in the abundance of the hemerobiid predator, Hqnerobiu.s

pacífieus, which prefers cool conditions, have been studied by

Neuenschwander (1975). In relation to this Carpenter (1940) found that

H. paeificus tr/as lnore conmon in the north and along the cool coast and

in the south it occurred more in mountainous area of western North America.

In California, U.S.A., the relative number of adult I/. paeificus was higher

in winter (January and February) in the coastal areas while in the va1ley,

the adults responded to the late spring ${ay) peak of the aphids occurring

in the alfalfa fields (Neuenschwander et aL., 1975). The lower numbers

of H. paeifícus adults in the va11ey was attributed to heavy nortality

suffered by the eggs, larvae and pupae under higher sunmer and early autumn

tenperatures occuning fron July through september (ibLd). comparison

between the phenologies of H. pacifícus in the two areas suggested that the

coastal areas constitute a stable zone of permanent occupancy (Flrffaker and

Messenger, 1964), where the adult predators showed a high clegree of

density-dependence in relation to the aphids. The prevailance of

H. pacifieus and possibly other hemerobiids under cooler conditíons in the

field may be because they can be reproductively active at the sarne extrenely

low ternperature that is sufficient for the nornal development of their

innatures (Neuenschwander, l97S; Syrett and penman, 1981).

Prey_1¡reference

Previous experience of the predatoï may affect hunger level whj.ch in

turn may cause significant relative changes in probability of capture

(Hassell , I976) " Since estimates of relative probabilities of captuïe of

M. persicae of clifferent instars of M. tasmaniae larvae were obtained over

muc-h longer períods than those used to estirnate probabilities of capture by
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successful encounters (Dixon, 1959; lvratten, r97s; chesson, rg74)

spanned a number of periods of hunger and non-hunger, hunger 1eve1

less like1y to have caused complication ín this experinent.

and

1S

To illustrate the preference that may have occuned in these

experinents, the percentages of presented prey of each aphid instar that

were eaten are expressed in Figurs 28 as percentage differences from

expected (solid black areas). Also given in Figure 28 are the percentages

of prey of each instar that were presented to the predators.

The data of Figure 28, indicate that the young predator larvae

showed some preference for snaller prey as illustrated by large, positive

percent differences from expected, whereas the older larvae of M. tasmaniae

exhibited very litt1e or no preference. And temperature seemed to have no

independent effect on preference.

Studies on some species of coccinellid predator have shovm that

larvae changed preference for different aphid instal:s from day to day

(Dixon, 1959; wratten , r973; chesson, L9TB1 Mael.zvr, l97g). The changing

preference of different prey size has been attributed to different pro-

babilities of capt,ure (chesson, 19zB). since larvae of M. tasmaniae

have been shown in this experíment to be more efficj-ent than coccinellids

in capturing both snaIl and large M. pez,sicae, they are less likely to

show any preference for certaj,n sized prey.

5.4 Influence of t ture and d ensit otì edation larvae of
. tasman

Introduction

Tenperature nay have an overwhe1rning inrportalìce on the whole predatiorr

process (Gilbert et aL., I976). The likelihood of temperature having a



Figure 28 Percentages of different instars of lul. peYs¿cae

presented ( ¡ ) and of the difference from

expected ( E ) (i.e. the difference between percent

presented and eaten by larvae of M. tasmøtùae) at

three different temperatures.
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dominant influence on the interaction betrveen .t. eonforrnis and M. Tosae

in South Australia has been suggested by Maelzer (197S). Slnilarly,

the interactions of M. tasmarrLae and M. pez,síeae on potatoes nay be

greatly influenced by temperature.

However, properties of the environment (e.g. ternperature) are only

one of many sorts of factors that can affect the predation process.

Holling (1961) classified the sorts of factors into five main groups

namely: 1) prey densì-ty; 2) predator density; s) characteristics of

envirorunent; 4) characteristics of prey, and 5) characteristics of the

predator. He stressed that prey and predator density are inevitable

features of every predator-prey situation; so that the basic components

of predation will arise from these universal variables.

In this experiment the influence of prey density on predation by

M, tasmavriae larvae was studied. Its ains were a) to determine at what

prey density can the introduction of first instar predator larvae suppress

the prey population and b) to evaluate the influence of temperature on the

predation process.

Materials and Methods

The nethod of evaluatì-ng predator-prey interaction was more realistic

and hence more complex than that employed in Section 5"3. The exper:inent

was conducted with r^/hole plants in plant growth cabinets at 16 t 0.35oC,

27 ! 0.37oc, 26 t 0,29oc unrler LD 16:g photophase. The preda,tors ancl

prey were obtained from insectary culture. Potato seedlings grorun in

15.0 cm black plastic pots hrere used as described in Section 3.7.
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Due to a lack of space in the growth cabinets, the experiment was

divided into two blocks or stages. In the first block two plant growth

cabinets at 16 and 20oC were used; in the second block, one of the

cabinets vlas run at 26oC. At each tenperature there were three treatnìents

(with thro replicates) representing 3 1evels of initial prey density namely

2, 4 and 6 newly moulted aclult apterous //. persicae. Each treatment was

further replicated 3 times (= 18 plants per temperature) to allorv for

destructive sarnpling of numbers of prey and predators on each of 3 dates

during the course of the experinent. The interval betrueen sarnpling

dates varied according to the length of the larval developnental period

at each temperature.

The experinent was started when the plants were 18 cn tal1. Each

plant was seeded rvith adult M. persieae (see Section 4.2) at one of the

required prey densities. Twenty four hours later one 1-day old first

instar larva of M. tasmætiae was placed onto the plant. The plant was

immediately covered with a cylindrical, clear perspex cage (Fig.1)

(14,5 cm in diarneter and 26.0 cn liigh) having two side-ventillation holes

(6.0 cn in diameter) and one top-ventillation hole (9.0 cm in diameter).

The ventillation holes were covered with very fine inesh c1oth. A 2.5 cm

wide plastic adhesive tape was used to seal the opening joining the cage

and the pot.

On each sampling date, 6 plants fronr eaclì treatment hrere removed one

at a tine from the cabinet and brought to the laboratory. After the cage

was rernoved, the plant was searchecl for the predator larvae and its

presence or absence u¡as recorded ¿rs dead or a1ive. Each of the leaves on

the plant was then cut off and tlìe total nunlber of aphids were counted.
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Results and Discussion

In Figure 29 are given the nunber of aphids per plant in each

treatnent (initial aphid density per pJ.ant) on the 3 sampling dates after

the start of the experirnent. It can be seen that the numbers of aphids

htere suppressed at all initial prey densities at all temperature-s but as

expected aphid numbers were lolest when only tr,io aphids were initial.ly
put on the plant. At the highest initial aphid (6 per plant) the numbers

of aphids increased considerably before being reduced by the predators.

And the peak aphid number and subsequent reduction occumed earlier at the

higher tenperatures.

0n the 5rd sarnpling date there was an indication that aphid population

growth was either not being reduced any more (at z6oc) or was positive

again (at ztoc). By this date, at each temperature, the predator larva

hlas entering the pre-pupal stage and the reduced voracity of the predatoï

before pupation was allowing the few aphids that has escaped predation

to start increasing in number üJithout further check.

The results clearly indicate that the variation in the ability of

larvae of M. tasmaniae to suppress aphid population grorvth ü¡as a function

of the initial prey density and of the temperature which have an obvious

effect on the larval rate of growt.h and voracity (Gilbert et aL,, 1976).

The response shown by larvae of 14. tasmaniae is cal.led developmental

Tesponse (lr{ur:doch, 1971), and is a type of pr:edatoî response which is

not numerical but operates on a time scale longer than the functional

response (So1omon, 1949). TLe developrnental response takes into account

the growth of pledators over time, as was done in this experiment.

Tenperature, a subsidiary cornponent of predation, has often been shorvrì to

influence not only the pr:edator response but al-so the preclator rate of



Figure 29: Trends in numbers of M. pet'sícae per plant at

each of 3 tenperatures when each plant I^Ias

seeded initially with 2, 4 and 6 adult aphids

and one lst instar M" tasmøtiae larva.

H 6 initial adult aPhids Per Plant

EHI 4 initial adult aphids per plant

H 2 initial adult aPhids Per: Plant
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increase (Ho11ings, 1961). Its importance in aphid-ladybird lnter-

actions has been shown by Dunn (1952), Gilbert et aL. (1976) and

Maelzer (1978).
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CHAPTER 6

GLASSHOUSE EXPERIMENTS ON THE INFLUENCE OF PREDATOR DENSITY

AND PREY DIS-TRIBUTION ON SUPPRESSION OF PREY POPULATIONS

INTRODUCTION

The influence of natural enemies on their prey population is still

one of the most difficult aspects of population ecology to study (Kiritani

and Dempster, 1973). This is particularly true for predation because the

prey are cornpletely consumed, or are partially eaten and the remnants are

hard to find in the field (ibid). We are stil1 a long way from having

reliable techniques for studying all predator prey situations Øbid).

In Chapter 4 is discussed field survey and field-cage studies to

assess the irnpact of M. tasmaniae on M. persieae populations. Field

studies have the obvious advantages of reality, but their usual dis-

advantages are inaccuracy and difficulty of disentanglement of the inter-

acting factors. 0n the other hand, laboratory experimeltts, such as

those described i.n Chapter 5 suffer from the typical defects of

sinplification and lack of realism.

In this chapter, I describe two experiments which were conducted in

the glasshouse. The conditions pro'r,,ided in the glasshouse were

interrnediate 't¡etv¡een those in the field and in the laboratoty. The

glasshouse provides some control over the experimental conditions rr¡hilst

providing an opportunity to study the process of preclation uncler fluctuat-

ì.ng temperatures that are similar to those that occur in the fieid allci
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that have a dominating influence on the outcorne of the interaction of

predator and prey (Dunn, 1952; Gi.lbert et aL., r976i Frazer and

Gilbert, I976). In particular, glasshouse experiments allow experiments

on the efficiency of predatoïs and on sirnple Bombosh-ti?e predator prey

interactions (see Bonbosh, 1963; van Enden, 1966; Gurney and Fú-rssey,

L970) under t'realistic'r fluctuating temperatures.

searching is one of the functions performed by a predator in
finding its prey. The ease with which the required amount of prey can

be found is dependent, among other factors, upon preclator searching

efficiency, predator density and spatial distribution of the prey (Hagen

et aL., 1976). The efficiency of a predator or parasite is linked to

its searching ability more so tlìan any other property (De Bach, Lg74).

only an enemy that has a high searching abiJ.ity can find prey when they

are scarce, and is able to regula-te the prey population (Lbid).

De Bach (7974) further states that thus far we do not know how to measure

with any accuracy the searching ability of a natural enemy or its
potential effectiveness except by the effect it has in prey population

suppression.

The main objective of these glasshouse experiments h/ere to investigate

(i) some of the factors influencing searching efficiency of M. tasmaniae

larvae and (ii) the ability of I'1. ta.smaniae larvae to suppïess populations

of M. persicae.

6. f Influence of ator numbers on the abilit of M. iasmo,niae larvae
to suppress prey popul at ].Olls

Predation theory usual1y refers to t-Tìe searching efficiency of

predators as the ability of the predator to perc.eive, by sone means, the
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location of the prey in a given universe (Fleschner, r9s0). Here it

will be useful in the following experinents to talk instead of the

searching I'capacity" of a predator which I rvill define as the effective

distance a predator larva may travel or search as measured fron the site

of introduction to the perineter of the arena in which it is allowed to

search for prey.

Materials and Methods

The experiments were conducted in a glasshouse cubicle (2.6 m x 2.6 m)

under fluctuating tenperatures (15 - 30oC) a¡rd fluctuating hr:nidities

(55-100%) during February 5 to March 6, 1981. No artificial lighting was

provided. The walls and roof of the glasshouse were painted white on the

outside to help reduce the tenperature inside. Potato plants used in

these experiments were groum in the plant growth cabinets from shoot

cuttings described in Section 3.1.

Two experiments (1 a¡rd 2) were conducted at different periods inside

the same glasshouse cubicle. In each, there were three treatments re-

presenting 5 different prdator-prey ratios, plus a cont¡ol (no

predator). Ideally, when space or m¡nbers of insects are insufficient

for a whole experiment, the experiment nay be divided into "blocks" in

each of which is included one or more replication of each "treatments't,

including any control or standard that nay also be part of the experinent

(Fig. 30). An analysis of variance can usually then take at the

variation between blocks and allow the conparison of treatments in the

usual way. In this study, blocking by the above nethod vras not possible

because: a) it was considered that the ¡nininrrn nunber of plants peï tray



Figure 30: Diagrauratic representation of the ideal design

of an experirnent with 5 treatments and a

control each with two replicates and treatments

x repiicates divided into two rrblocksr'.
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REP. 11
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should not be less than 16 in order to include a treatment in which only

evely4th(corner)plantisinfestedwiththepreytogiveaparticular

SPatial distribution of prey (Section 6.2); b) with 16 plants pell tray

(72 cn x 72 em x 9 cm) a maximum of 6 trays could be placed inside the

glasshouse cubicle, and c) it was not possible to use an additional

glasshouse cubicle. So, two different experíments were done to acconnodate

all the treatments.

Fxperinent 1 consisted of two treatments (Treat. I and 2) and the

contlol, each replicated twice. Experiment 2 sinilarly included two

treatments (Treat . 2 anê,3) and a control, each replicated twice

(Appendix Table 5).

Experinent I

The experiment was conducted from February 5-18, 1981. At the start

of the experiment, 16 potato plants (var. Exton) growing in plastic pots

were placed in each of the wooden trays and spaced 15 cn apart and 15'5 crn

fron the edge of the sides of the tÎay. The open sPaces between the pots

were filled with soil (potting mixture) up to the rim of the pots '

The plants r¡rere. kept in their pots so that they could be removed

temporarily from the soil while the aphids weIe counted' The top surface

of the side (12 mm wide) of the +uTê,. t,nlâs painted with Stict"*(R)' a sticky'

colourless and non toxic rnaterial, for preventing the predator larvae

and aphids from crawling out. The plants were watered twice dalLy'

Each plant $ras infested with two newly-moulted apterous adult

1,1. persieae obtained from the insectary culture. Twenty four hours later'

4 l-day-o|d first instar larvae of M. tasmØLiae were introduced into the
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tray of tÎeatment 1 (to give a predator-prey ratio of 1:B) and 8 larvae

were introduced into the tray of treatment 2 (to give a predator-prey

ratio of 1:4). The larvae r{ere carefully introduced by placing them on

the soil surface in the centel of the tray. In the control, the aphids

were allowed to develop unimpeded.

The nunber of aphids found on each plant were counted on days 3, 6,

g and L2. These data allowed changes in the dispersion of aphids to be

estimated together with changes in size of the aphid population.

Dispersion of the prey population is of considerable ecological

importance when interpreting population changes (Southwood' 1978); In

its own right, a measure of dispersion is a description of the condition

of the $opulation. I used Morisitars index of dispersion (Iô), conputed

¿rs

q
E1

i=1
(xt-r¡

1

rô=q r (r-1)

where Xi = L,2,3 ... q) = The nunber of individuals in the ith
q

sanple unit q = number of sarnple units, and t - rXi (Morisita, L962).

i=1

This index !{as used because it is relatively independent of the type of

distribution, the mean number of sanples and of the size of the mean

(Morisita, 1962; Southwood, f966).

Experiment 2

This experiment was conducted 3 days after the completed of Experi-

ment 1 fro¡n Febnrary 2L to March 6, 1981. SimiLar procedures as described

for Experinent I were followed. There uJere tvlo treatments conprising 8



and 16 predator larvae respectively, and a control;

twice. Since there again, 32 aphids per replicate'

treatments gave predator Prey ratios of Iz4 and lz2-

158.

each was replicated

the two predator

Sinilarly, the number of aphids on each plant were counted on day 3,

6, 9 and 72. Changes in the dispersion of aphid counts were measured

using Morisitars index of dispersion.

Results and Discussion

In Table 24 are given for both experiments, the numbers of aphids in

each treatment (rvith predators) and in the contTol (no predators) over 12

days after the start of each experiment. The results indicated that larvae

of. M. iasrrøriae were able to supPress populations of M. persicae in all

treatments with Predators,

In Experiment 1 (Table 24), the introduction of 4 and 8 first-instal

larvae of M. tasmøtiae caused 39% and 64% overall reduction in the nurnber

of aphids as compared to the control. When the data for each sanpling

date were analysed independently (ANOVA, 2-way classification, Appendix

Table 4) significant differences between treatments and the control were

found. The rnean numbers of aphids per plant betvleen any two treatments

or between a treatment and the control were then conpared (Table 26) and

significant difference estimated by calculating least significant difference

(LSD) using the usual fonnrla:

LSD=t.'SXS.E.

where a.'S it the value of t with 90 d.f., and S-E. is the

standard errol of the difference between any two treatment

means computed as:
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TabLe 24: Moan number of M. persieae per plant in each treatment
(with predators) and in the control (no predators) over
12 days period for Experiments 1 and 2.

Sanpling datePredator-
Prey
ratio 0 3 9 L26

Experiment 1:

Control

1:8

Iz4

2.O}al

2.OOa

2.004

4. g84

3.004

1.784

6. g04

1.31b

0.81b

11 .504

3.7sb

r.22b

38.75ri

16.06b

3. 38c

2
LSD 2.37 I .83 3.O2 5. 59

Experiment 2:

Control

Lz4

lz2

2.004 7.4tfl-

1. 15b

1.09b

13. 884

1.19b

0.13b

L7.784

1.84b

0.50b

35.254

3.47b

0.71b

2.OOa

2.OOa

LSD 2.53 4 .60 5.69 8.76

1 M"rrs within columns followed by the same letter do not differ
significantly at P = 0.05.

2 B"a*""r, any turo ttceatment neans or any one treatment mean and
control
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S.E. =

where MS is the mean squale value for the elror term in the ANOVA,

and n is the number of observations on which the treatment means

are based. LSDs aïe given along with the treatment means in

Table 26 and indicate that there is significant differences between

the control and the treatment means on days 6, 9 and L2 but not on

day 3. And the treatment means differed only on day L2.

In-Experiment 2, the introduction of 8 and 16 first-instar larvae of

M. tasmaniae caused 89% and 95% overall reduction in the number of aphids

as compared to the control. LSDs based on an ANOVA (2-way, Appendix

Table 6) are given in Table 24 aLong with the means of each treatment and

the control; they indicate significant differences (P<.05) on day 3, 6,

9 and 12 between the control and each of the treatnents, but the treat-

ments were never different from each other.

The application of Bomboschrs model

From the data obtained in those experiments and a knowledge of the

rate of development of the aphid, it is possible to estimate the predator-

prey ratio at which suppression of the aphid populationrs occurred, and

after how nany days it was achieved.

Estinates of the expected number of aphids both in the absence of

predators and when subjected to different predator-prey ratio were

obtained by using a forrm¡la by Bonbosch 11962) (as quoted by van Emden,

f966; Scopes, 1969; Tamaki, I974)z

Æ@st
./"
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Ar, = Ao qn - kq [i+r] S

where A- = nurnber of aphids at the ninth day.
n

A^ = the initial number of aphids i.e. at day zero;
o

g = daily rate of increase for aphid populations in the absence

of predators;

k = nunber of aphids eaten per day by one predator lawa;

n = nunber of days fron the start of the growth of the aphid

population i.e. from daY ze'ro;

and s- = the number of days lapsed betvreen aphid infestation and

predator introduction (i.e. synclnrcnization).

In the absence of predation, the increase of the aphid population is

estimated as:

A

or log o = 
log An - log Ao

n

so that in Experiment 1,

tog q - Log 620-= Iog 32

2.7924 - 1i5052

= 0.1073

Q = 1-28

Since the mean daily temperature for the periods of both Experinents

I and 2 was 2C.5oC, the k values were obtained frorn the experiment on

Iarval voracity at 20oC described in Section 5.2, and were cha¡tged for

each inst at of M. tasmøtíae lan¿ae as the voracity was likely to increase

A
on

nq
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with successive instars during the experinent (Scopes, 1966). Thus,

for first, second and third instar_ larvae, the k values wer 0.5, 2-0

and 9.0 third instar aphid equivalents (TIES), and these values were

used for 0-2, 3-5 and 6 days after the start of the experiment to al1ow

for the growth of the predator larvae.

In Tabl e 2.5 are given the expected nr:¡rbers of aphids each day in

the absence of predators, and the observed numbers on days 3, 6, 9 and

L2. In Tables 26 anð. 27 are given numbers of aphids expected to be

eaten by predators; the exÇpected nunber of aphids left each day in

the presence of predators, and the observed numbers of aphids on days

3,61 9 and t2 in the presence of predators with a Predator-prey ratio

of 1:8 and 1:4 resPective1Y.

Table 28 shows a relatively good fit of expected numbers of aphids

to observed ones for a predator prey ratio of 1:8. This is really

surprising because Bomboschrs rnodel is sinplistic and other good reasons

can be thought to explain why the fit should not be good e.g. (a) the

voracity of the predator larva is expressed in TIES and for a comparison

the numbers of live aphids in the population, both expected and

observed, should similarly be expressed TIES' and (b) the voracity of the

predator is taken from an experinent in which there was an overabundance

of prey; whereas in this experiment prey may have been in relatively

short supply. It is of interest to see that the data in Table 29 for

a predator prey ratio show a much worse fit between expected and observed

aphids, with the latter more abundant than expected. The data of both

tables considered together suggest therefore that (a) at the pledatol-pley

ratio of 1:4, there was definitely a shortage of food and that fewer
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Table 25: l.lunbers of M. persùcae developing on 16

potato plants in the absence of predators
each day (expected) and each of day 3, 6,
9 and 12 (observed). Experirnent 1.

Number of aphids

Day no. Expected Observed

0

1

2

3

4

5

6

7

8

9

10

11

t2

32

4t
s2

67

86

110

t4L
180

23t

295

378

484

ó19

32

78

111

184

620

||
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TabLe 262 ttumber of M. persieae aururopirfi11ffi"." plants
in the treatnent with a predatory-prey ratio of
1:8 each.day (expected) and each of days 3,6,9 and
12 (observed). Experiment 1.

. 
oo"rt"u r*o"t 

FIõ'
of eaten nultiplication

Day no. aphids (k) left (X1.28)

Ob.served
no. of

aphids
(+4)

0

1

2

3

4

5

6

7

8

9

10

11

t2

8.00

9.60

11 .6s

14.27

ts.7L
17.55

19.90

13.95

L7.86

22.86

29.26

37.45

47.94

0.50

0. s0

0. s0

2.00

2.O0

2.00

9.00

7.50

9.10

11 .15

12.27

L3.71

15.5s

10.90

13.95

L7.86

22.86

29.26

37.4s

47.94

9. 60

11 .6s

L4.27

LS.7t

17. s5

19.90

13 .95

L7.86

22.86

29.26

37 .45

47.94

6L.36

L2.00

5.20

15.0

64 .00
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Table 77 z rtumber of M. pensicaeaeveropinffffili;." plants in
the treatnent with a predâor-prey ratio of 1:4 each
day (expected) and each of days 5,6,9 and LZ (observed)
Experiment 2.

Expected nurnber

Day no.
of

aphids
eaten

(k) left

after
nrltiplication

(xl.28)

Observed
no. of

aphids
(+a)

0

I
2

3

4

5

6

7

I
9

10

11

t2

4.00

4.48

5.09

5.88

4.97

5.80

2.30

0. s0

0.50

0.50

2.00

2.00

2.00

9.00

3.50

3.98

4.59

3.88

2.97

1.80

<0

4.48

5.09

5 .88

4.97

3.80

2.30

7 .00

3.25

s.00

13. 00
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aphids than expected were found and eaten by the predators, and (b)

at the predator-prey ratio of 1:8 the predator was possibly behaving

as it did in the earlier voracity experinent and did not, in fact,

suffer from a relative shortage of food.

The data for experinent turo are given in Tables 28-30; in Table 28

are given the expected number of M. pensieae each day in the absence of

predators and the observed numbers of aphids on days 3, 6, 9 and L2.

Tables 29 and 30 present the number of aphids expected to be eaten by

predators, the expected number of aphids left each day in the presence of

predators, and the observed number of aphids on days 3, 6, 9 and L2 ín

the presence of predators of a given predator-prey ratio.

The data in Tabl e 29 and 30 show that the expected numbers of

M. persieae do not fit the observed numbefs with the latter more abundant

than expected. The data of both tables considered together again

suggest that at predator-prey ratio of 1:4 and 1:2 there were definitely

a shortage of food and also fewer aphids than expected were found and

eaten by the predators.
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Table 26; Expected and observed numbers of M. pensieae 
-developing on potato plants in the absence of

predators up to each of days 3,6,9 and L2

after the start of Experinent 2.

l'[unber of aphids

Day no. Expected Observed

0

1

2

3

4

5

6

7

I
9

10

11

L2

32

4L

52

66

83

106

134

t7t
2L7

275

349

444

564

32

119

222

284

564
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Table 29: Numbers of M. pensieae developing on potato plants in
the treatment wi.th a predator-Prey ratio of Lz4.
Expected and observed numbers of aphids are given for
each of clays 3,619 and L2 after the start of
Experiment 2.

Expected number

Day no.
of

aphids
eaten

(k) left

after
nnrltiplicat ion

(xL.27)

Observed
no. of

aphids
f+8)

0

I
2

5

4

5

6

7

8

9

10

11

L2

4.00

4.4s

s.02

s.74

4.75

3.49

1.80

0. s0

0.50

0.50

2.00

2.00

2.00

9. 00

3. s0

3.95

4.s2

3.74

2.75

L.49
<0

4.4s

5.02

s.74

4.75

3.49

1.89

2.25

2.38

3.63

6. 88
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Table 30: Nunber of M. persícae developing on potato plants in the
treatnent with a predator-prey ratio of Iz2. Expected
and observed numbers of aphids are given for each of
days 3,6,9 and L2 after the start of.Experiment 2.

Expected number

Day no.
of

aphids
eaten

(k) left

after
multiplication

(xL.27)

Observed
no. of

aphids
(+16)

0

I
2

3

4

5

ó

7

8

9

10

11

L2

2.00

I .91

L.79

L.64

0.50

0. s0

0.50

2.00

1.50

t.4L
L.29

<0

1.91

L.79

t.64
1. 06

0.15

0.50

0.7s
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The dispersion of aphid s within the treatments and the control

In Tables 51 ancl 32 are given the means and variances of aphids

per plant and the mean values of Morisitats index of dispersion (IO)

for each treatment and the control at different sanpling days for

Experinents I and 2 resPectivelY.

When the distribution of aninals is random and can be fitted by

a Poisson series, Morisitars index gives a value of unity; when the

distribution is contagious (e.g. negative binonial), the index is

greater than one, and when the distribution is regular (e.g. binonial)

the index is less than one (Southwood, 1978). The significance of the

departure from a random distribution, as shown by the index, is tested

by computing Fo calculated as:

-1 + -T
q-

where I ô - Morisitats index of dispersion, q = total sarnples

(plants); and T = the sr¡n of the number of aphids found in all

the sanples, with the value of F in tables, with Nt = q-l and

N = al-'
2

The significa,rce or otherwise of the departure (P<.01) fron a

random distribution of each value of Morisitars index is given in the

2nd last colurnns of Tables 31 anð' 32' Fron this column hle may infer

that after day zero, all the distributions of aphids l^rere contagious

except for the treatlnent with a predator-prey ratio of I z2 on day 6

Iô
F

o
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Mean number and variance. of. M. persicae per plarit and mean
values of Morisitats index of dispersion in each treatment
and the control at differ:ent sarnpling days in Experirnent 1.

Predator-
PTEY

ratio
Sampling

day Mean Variance I F2
o

t
P

o

Control

1:8

Lz4

0

3

6

9

L2

0

3

6

9

L2

0

3

6

9

L2

2.00

4.88

6. 90

11 .50

58. 75

2.00

3 .00

1 .51

3.75

16.06

2.00

1.78

0.81

L.22

3,38

0

18.18

26.47

66.86

659.7L

0

59.59

5.46

43.30

489.27

0

10.82

4.4s

L2.O7

35. 48

o.s2

1.93

L.63

1 .50

L.37

0.52

s.77

3.3L

L.94

2.t4

0.52

4.30

3.2I
7.60

3. 56

<1.00

4.30

4.42

5.89

76.25

<1.00

2.85

3.49

6.74

22.21

<1. 00

s.94

3.82

9.37

10.73

> .05

<.01

<.01

<.01

<.01

>.05

<.01

<.01

<.01

<.01

>. 05

<.01

<. 01

<.01

<.01

1

2
ô

I = Morisitars index of dispersion

F tests the departure frorn a random distribution.
o
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laþls 32'- Mean numbers and variances of M. petsieae per plant and
mean values of Morisitars index of dispersion in each
treatment and the control at different sanpling days in
Experiment 2.

Predator-
prey
ratio

Sanpling
day

2
FI1Mean Variance o P

ô.

Control

Lz4

L:2

0

3

6

9

L2

2.00

7.4L

13. 88

27 .78

35.2s

2.00

I .13

1.19

I .84

3.47

2.00

I .09

0.15

0.50

0.7L

0

66. s3

79.22

363.70

L75.82

0

6.66

8.O2

24.77

47.82

0

4.49

0.10

2.07

s.73

0.52

2.06

2.02

1.90

I .65

o -52

5.06

7.02

2.28

2.66

0.s2

3.97

0

2.07

2.88

<1.00

7.92

L3.6L

14.93

21.55

<1. 00

5.64

6.43

7.49

8.69

<1. 00

2.96

0

2.O7

5. 99

>.05

<. 01

<.01

<.01
<.01

0

3

6

9

L2

>. 05

<. 01

<. 01

<.01

<.01

0

3

6

9

L2

>.05

<. 01

<.05

<. 01

<. 01

1r
= Morisitars index of dispersion

tests the departure fron randon distribution.

ô

1p
o
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(TabIe 32 where the distribution was regular (Iô = 0). We may also

infer that the degree of dispersion increased as the predatol-prey

tatio decreased, and within each treatnent there was a tendency for the

degree of dispersion to at first increase os that it was maximal on

d,ay 3 or 6 and then decreased tiLl day 12. In the control in each

treatnent the I ô values decreased slightly each day up to day L2. The

index (Iô) also suggested that narked changes in dispersion occurred at

predator-prey ratio of Iz2. However, the I ô values of different

replicates were very variable (see Appendix Tables 9 and 10), and one

has to be cautious in interpreting and using these values.

The results of Experinents 1 and 2 indicated that the distribution

of aphids tended to remain contagious when the aphid populations v¡ere

being suppressed by predators. So, the size of prey aggregation and

the changes in the distribution could have narked influences on the

predatorrs ability to suppress prey populations (!Vaters, 1959). And

the changes in the distribution of aphid population and the parameters of

these distributions may also be affected by the plant-to-p1ant movement
' ( 19641

Shiyomi and Naka¡nuràlfoúnd that the more plant-to-plant movement in

response to an increase in aphid populations, the less dispersed the

distribution becones as nore aphids tended to move fron plants with

higher densities to plant with lower ones. In this study, the Plant-to-

plant movement of M. persicae have been linited as the mean numbers of

aphids per plant decreased or tended to remain very low, and marked

changes in the pattern of prey dispersion occurred.

It is evident fron Experiments 1 and 2 ttrat the introduction of

larvae of 14. tasmøtiae caused changes in the 15 values oT prey spatial
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distribution from a regular to a randon t)?e. Thus the influence of

prey spatial distribution on the predator-prey interactj-on and the

suppression of prey population by larvae of M. tasmaniae was further

examined in the following experiments (Experinents 3 and 4).

6.2 Influence of prey spatial distributi-on on the ability of
M. tasmutiae larvae to suppress prey populations

The dispersion of an organisn within its habitat is an inportant

aspect of the characteristic of the population. The dispersion of a prey

species in relati.on to that of the predator, or uíee-uersa, nay have

profound effects on the predator-prey interaction. For any predator to

extend its maximun effects on the prey it should be present and active

in all places inhabited by the prey (Chant, 1961). A permanent control

of the prey population nay not be possible if there are areas or patches

where prey is free fron attack by predators, because continuous re-

infestation may occur fron these areas, upsetting the balance ftbã).

A predator has an obvious advantage if it tends to spend most of

its searching tine where prey are plentiful. Such behaviour is important

because of its effects on the stability of the predator-prey interaction

(Hassell, 1976 and 1973). In effect, predator aggregation where prey

are abundant provides a partial refuge for the prey in patches of low

density. The importance of such heterogeneity in the spatial pattern

of the prey has been investigated by tfuffaker (1958) and Ftuffaker et aL.

(1e68).

The ain of this experiment was to investigate the influence of the

spatial pattern of M. pensieae on the searching ability and suppression

of prey population by larvae of M. tasmarziae.
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Materials and Methods

The experiments were conducted in the same glasshouse cubicle as

described in Section 6.1. Sinilar procedures wefe followed as described

in Section 6.1,

Two experinents (Experinent 3 and 4) were conducted from March 10

to April 8, 1981. There were three treatments representing 3 different

tlTes of prey spatial distribution, plus a control (no predator). The

three treatments hJere spread over two experiments for the same reasons

given in Section 6.1. Again there were 16 plants in each treatment.

Experinent 3

The experinent was conducted fro¡n March I0 to 23, 1981. The

treatments vlere:

1) each plant infested with 2 aphids and no predators (control);

2) each plant infested with 2 aphids and a total overall Plants

of 8 predators;

3) every 2rtd (alternate) plant infested with 4 aphids and a

total over all plants of 8 predators.

Each treatmenr with predators therefore had a predator-prey ratio

of 8:32 or 1:4 which was selected on its ability to drastically suppress

aphid population in the previous experinent (Section 6.1). As before

the 8 predators were l-day-o1d first instar larvae of M. tasmøtíae which

b¡ere carefully placed on the soil in the center of the tray of plants

24 hours after the plants u/ere infested with aphids.

Aphids remaining on the plants were counted on day 3,6,9 and L2

after the introduction of the predators. The locations of the predators
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!ùere also noted. As in the previous experiment, the changing spatial

pattel,ns of the aphids in each tleatment were analysed using Morisitafs

index of dispersion (lulorisita, 1962)'

Experinent 4

This experinent was conducted 3 days after the completion of

Experinent 3 fron March 26 to April 8, 1981. sinilar procedures as

described for Experiment 5 were followed. The treatments wele:

I) Each plant infested with 2 aphids and no predators (control);

2)every2nd(alternate)plantinfestedwith4aphidsanda

total overall plants of I predatolst 
U ooïr,r&S

5) every 4th (corner) plant infested with s-ç*edc+e+s and a

total over all plants of 8 predators'

The methods etc. were identical otherwise to those of Experinent 3'

Results and Discussion

In Table 33 are given the nunbers of M. pe?sicae tt each treatment

(with predators) and in the control (without predators) over the 12 days

period after the start of the experinent. The results indicated that

suppression of M. pensieae populations on potato plants was achieved in

all treatments where predators htere introduced'

InExperinentS(Tab1e53a)theintroductionofSfirstinstar

larvae of M. tasmmiae caused 82% and 93% overall reduction in the number

of aphids when each plant and every 2nd plant were infested respectively'

when the means for each treatment were analysed by ANOV 2-way (Appendix

Table 7) independently for each sampling day (Table 33a), and LSDs
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Table 33: Mean number of M. persieae per plant in each treatment
(with predators) and in the control (no predators) over
a I2-day period for Experinent 3(A) and 4(B).

'fiä€{.rdistribution
Sanpling day

0 3 9 t26

Experinent 5 (A) :

Each plant
(control )

Each plant
Every 2nd

plant

2.OOaL

2.OOa

2.OOa

a s7.s4a7 .s9

3.78

18 .81

2.46

a

b b b

a

b
91 .50

4.59I .88

1 .63 o .72b o. tgb o . ogbb

2
LSD 2.73 3.96 ;7.56 17.93

Experinent 4 (B):

Each plant
(control )

Every 2nd
plant

Every 4th
plant z .o.oa 9. 944

b b3.34 6 .69 19.81

z.ooa Lr.sLa z3.2sa 6L.Lsa 151.664

2.ooa 7.22a 3.16b s.1gb 2g.66b

b

LSD 5. s9 6.19 rL.72 26.47

1 M"rrs within columns follorved by the same letter to not differ
significantly at P = 0. 05.

a
' Between any tv/o treatment means or any one treatment mean and

the control.
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applied to treatment neans, significant (P<.01) differences u/ere found

in the number of aphids between the control and each of the treatments

on days 3, 6, 9 and 72. There were, however, no significant differences

between the two treatnsnts on any day.

In Experinent 4 (Table 35bj, the introduction of 8 first instar

M. tasmaniae larvae caused 72% and 68% overall reduction in the nunber of

aphids in treatnents where every 2nd plant and every 4th plant were

infested with aphids. Differences in the nunber of aphids per plant

were significant (ANOV, 2-way, Appendix Table 8) and when LSDs were

applied to the treatment means (Table 33b), there were significant

differences between the control and each treatment on days 6, 9 and L2

but not on day 5. Again, there were no significant differences between

the means of the tlr'o treatments on any sampling day.

The results also indicated that the trùo treatments that were conmon

to both experiments, namely the control and the treatment where every 2nd

plant was initially infested had mrch higher aphid numbers in Experinent 4

than in Experiment 3. The lower nrmbers in Experiment 3 may be

attributed to the higher mean daily temperature experienced in Experiment 3

(23 t 0.7oC) than in Experiment 4 (21 ! O.OoC). This is consistent with

with other studies on the effects of tenperatu¡eon the rate of nulti-

plication of M. pensicae. Thus, Barlow (1962) and De Loach (1974) found

that the R_ (rate of nultiplication per generation) for M- pensieae
o

tended to decrease with increases in temperature above zOoC.
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Application of Bonboschrs Model

'Bombosch's model was sinilarly applied to the results of

Experinents 3 and 4 to deterrnine whether it could predict the degree of

suppression of the aphid population by the predator larvae.

Exper.inent 3

In Table 34:, are given the expected numbers of aphids each day

in the absence of predators, and the observed numbers on each of days

3, 6, 9 and 72. Table 34 shows a relatively good fit of expected and

observed nurnbers. The rate of rnultiplication of M. petsieae was

siurilarly estimated as described in Section 6.1 and was found to be L.376.

The k values for first, second and third instar predator larvae

were again estimated as 0.5, 2.0 and 9.0 third instar equivalents

respectively, and these values were used for C-2, 3-5 and 6 days as

described in Section 6.1. A k value of 9.0 was not used after day 6

becar¡se the predator larvae had pupated. In Tab1e 36 are given for

the predator tïeatments, the expected number of aphids eaten by prerlators;

the expected number left each day; and the observed numbers of aphids

on days 3,61 9 and t2. It can be seen from the results that the

observed numbers were higher than that expected because of probable food

being relatively ín short supply and fewer aphids than expected were

found and eaten by the predators. SimilarIy, there was no fit between

the expected and observed nunber of aphids for both treatments (Table 35)

indicating that it is not possible to predict the outcome of the results.
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Table 34: Expected and observed nurnbers of M. persieae
developing on potato plant in the absence of
predators up to each of days 3,6,9 and L2
after the start of Experiment 3.

lfuinber.of aphids

Day no. Expected Observed

0

I
2

3

4

5

6

7

8

9

10

11

T2

32

44

61

83

1ls
1s8

2L7

299

4tr
s66

779

1071

r474

728

304

s92

L462
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Nunbers of M. pensícae developing on potato plants in the
treatments: (a) where each plant and (b) every 2nd plant
was initially infested with 2 and 4 aphids respectively;
and each treatment had 8 predators. Expected and observed
numbers of aphids are given for each of days 3,6,9 and L2
after the start of Experinent 3.

Expected number

Day no. aphids (k) left

Observed no. of
aphids in treatment

Each Every
plant 2nd plant

after
rnrltiplication

(xr.37)

0

1

2

3

4

5

6

7

I
9

10

11

L2

4. 00

4.80

s.89

7 .38

7.37

7.36

7.34

0.50

0.50

0.50

2.00

2 -00

2.00

9. 00

5.50

4.30

5. 39

5.38

s.37

5.36

o

4.80

5. 89

7 .38

t -5/
7.36

7.34

3.78

2.46

1.88

4. s9

r.63

0.72

0.19

0. 09
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Experirnent 4

Sirnilarly the observed and expected numbers of aphids in the

absence of predatoïs are given in Table 3,6- The value of q was

estirnated to be I.42. And in Table 39 are given the usual data of

expected number of aphids eaten etc. for Experirnent 4: Table 36 shows

a relatively good fit of expected numbers of aphids to observed ones.

Sinrilarly, there was relatively good agreement between the expected and

observed numbers of M. pers¿cae for both the treatments where every 2nd
(Table 37) .

and 4th plant was initially infested with aphids/ Therefore, it is

quite possible to predict the number of aphids in the contlol (no

predators) and the treatments (with predators) under the assunptions and

conditions of this experiment.

The dispersion of aphids within treatrnents and the control

In Tables 38 and 39 are given the means and variances of aphids

per plant and the nean values of Morisitars index of dispersion (iO)

in each treatment and the control for each sarnpling day. For variation

in the values of IU within replicate see Appendix Tables 11 and 12.

From the values of Fo given in the 2nd last column of Tables 59

and 40 it can be said that all the distributions of M. persieae were

contagious except in Experirnent 3, on day 9 where the departure from a

random distribution was not significant (P>.05) and on day LZ where the

distributionwasregular(Io=0)'Withineachtreatmentasirnilar

trend in which the IO values first increased then decreased and increased

again on day L2 as was observed in Experiment 3. The results of both

experinents (3 and 4) also indicated that the distribution of aphids per
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Table 362 Expected and observed numbers of M. persieae developing
on potato plants in the absence of predatols uP to each

of äays 316,9 anð. L2 after the start of Experiment 4'

Il¡¡mber of aPhids

Expected Obs ervedDay no.

0

1

2

3

4

5

6

7

8

9

10

11

t2

32

45

65

92

130

18s

262

372

s29

7Sr

1066

1515

2LSL

181

372

978

2L07
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Table 37: Nunbers of M. pensicae developing on potato plants in the
treatments: (a) rvhere every 2nd plant and (b) every 4th
ff.nt was initially infested hlith 4 and 8 aphids respectively;
and each treatment had 8 predators. Expected and observed
numbers of aphids are givèn for each of days 3,6,9 and L2

after the start of ExPerinent 4-

Expected number
Observed no. of
aphids in treat

-nent
*8

Day
no.

of
aphids

Eaten
(k) left

after
rnultiplication

(xl .42)
Every
2nd plant

ery
4th plant

0

1

2

3

4

5

6

7

8

9

10

11

L2

4. 00

4.97

6.35

8. 51

8.96

9.88

11.19

3.11

4.42

6.28

8.92

L2.67

L7.99

0. 50

0.50

0.50

2.00

2.O0

2.00

9.00

3.50

4.47

5.85

6. 31

6. 96

7.88

2.L9

3.11

4.42

6.28

8.92

12.67

17.99

4.97

6.35

8.31

8. 96

9 .88

11 .19

3. 11

4.42

6.28

8.92

12.67

L7 .99

25.55

7.22

3.L6

8. 13

29.66

9 .94

3.34

6. 69

19.81
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Mean nunbers and variances of M. pez,sieae per plant and mean
values of Morisitars index of dispersion in each treatment
and the control at different sampling days for Experinent 5.

Prey
spatial

distribution
Sanpling

day Mean Variance PF2
o

tot

Control

Each plant

Every 2nd plant

0

3

6

9

T2

0

3

6

9

l2

0

3

6

I
L2

2.00

7.59

18.81

37.34

91 .50

2.00

3.78

2.46

1.88

4. 59

2.00

1.63

0.72

0. 19

0.09

0

53.33

193.66

653.89

3757.67

0

27.35

28.3L

37.92

t40.20

4.27

8.30

2.47

0.55

.08

0.52

1 .58

L.4I
1.40

I .38

0.52

2.26

s. 86

3.L2

3.27

I .55
a É.,

3.59

1.60

0

<1. 00

6. 08

9.47

L7.25

40 .80

<1.00

5. 95

7L.70

L0.92

L6.76

>.05

<. 01

<.01

<.01

<. 01

>. 05

<.01

<.01

<.01

<. 01

<.01

<.01

<.01

<.05

>.05

2.73

4.74

2.98

0.87

<1. 00

1r
= Morisitars index of dispersion.

ô

2 F^ turas the depature fron random distribution.o
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Mean nurnbers and- variances of M. persieae per plant, and the
mean values of Morisitats index of dispersion in each treat-
ment and the control at different sanpling days for
Experiment 4.

Prey
spatial

distribution
Sarnpling

day
2

FI1Mean Variance ô o P

Control

Every 2nd plant

Every 4th plant

0

3

6

9

L2

2.00

1l .51

23.2s

6t.L3
131 .66

2.00

7.22

3.16

8.13

29.66

2.00

9.94

3.34

6. 69

19.81

0

81.36

401 .83

1513.35

7608. 89

4.27

48 .88

L7 .33

51 .17

198.89

12.80

248.L2

45.44

L03.26

679.93

0.52

I .53

L.72

1.38

1 .35

1 .55

1 .69

0 .85

1 .99

3. 35

3. 61

3.30

3.83

2.I9
2.37

{.00
6.97

17.8s

24.95

s3.75

2.L3

6.20

2.77

5.86

7. 08

6.40

24.35

11.57

L0.76

28.65

> .05
<.01

<.01

<,, 01

<.01

<.01

<.01

<. 01

<.01

<. 01

<.01

<.01

<.01

<. 01

<01

0

3

6

9

L2

0

J

6

9

L2

1t^
ô

= Morisitars index of dispersion.

2 F- t"ras the departure from random distribution.
o
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plant tend to be more contagious in the presence of predators ' In

addition, when the prey üJere aggregated, there was a marked change in

the distribution which in turn influenced the predatorrs ability to

suppress prey population (Waters, 1959)'

ThelevelofpreySuppressioninthisstudywasthusdependent

partly on prey spatial distribution and searching rate (Hassel1, 1978)'

In relation to this, Hassell (1978) suggested that the higher and lower

linit of prey abundance associated with prey agglegation and spatial

distribution nay be detennined in Part by the relative protection of the

prey in low density areas and the greater susceptibllity to predation in

highpreydensityaleas'Thattheaphidpopulation..inExperiment4was

lowest in the presence of predators when every 4th (corner) plant was

initially infested may be due to the changes in the searching behaviour

of. M. tasmaniae larvae after they have found and attacked their prey

(Fleschner, 1950; Waters, 1959; Hodele, Lg67)' After a predator larva

has consumed its prey in a high density area' it tends to make thorough

search for prey in that particulal alea to increase the chance of the

predator coning in contact with a neighbouring prey (Fleschner, 1950) '

In a high-prey density aTea, larvae of chzgsopa sp. exhibited gleater

twisting movement in the searching pattern especially in restricted areas

(ibíÅ,).AsimilarbehaviournayhavebeentruefotM.tasmøLiaelarvae

preyingonM,persieaeinthetreatmentwhereevery4thplantwas

initially infested and the aphids were initially nost dispersed'
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CHAPTER 7

SPRAYING OF U-. TASMANIAE EGGS ON TO POTATO CROPS

One of the nain objectives of rny field studies described in Chapter 4

tuÊs to gain infornation necessary for consideration in biological control of

M. persíeae and to enable us to determine whether we need to emphasize

inportation of new enemies, conservation, or augmentation of established

enemies, or all three. In addition, basic research carried out through

laboratory and glasshouse experiments (Chapters 5 and 6) on the biology of

the natural enemy is aimed at providing the key to successfi¡l biological

control.

It was evident fron the results of the field studies conducted in

large conrnercial potato fields and s¡na1l potato plots (Chapter 4) that

M. tasmø¿íae is the most abundant and important natural enemy of the potato

aphids and was present almost all the year round. However, the populations

of M. tasmøtiae were much lower than expected prioÌ to the autumn peak in

aphid populations and hence they were ineffective in suppressing the aphid

outbreaks. Some of the possible reasons for the ineffectiveness of

M. tasmaniae in suppressing M. persieae population in autumn are: (i) the

predators are not synchronised with the prey or (ii) their nunbers are not

adequately high to give early control. Therefore, one way to improve the

predatorrs impact is to enhance its effectiveness.

There are various possible ways of enhancing the effectiveness of

natural enemies, depending on the leads provided by the basic studies (De Bach,

1964). One of the ways is by augrnentation of natural enemies involving
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direct nanipulation by nass production and periodic colonization (De Bach

and tlagen, L964). In the case of 14. tasmaniae for the control of M. pez'sieae

in potato crops, I proposed augmentation by releasing nass produced eggs

of M. tasmaniae in late March or in early April to coincide with the onset

of the nigration of al-ate M. persieae into the potato fields.

Periodic releases of eggs of. C. ea?nea. in the field had been success-

fully dernonstrated to suppress populations of the bollworm, HeLiotVrLs zea

(Boddie) and the tobacco budworrn, HeLiothís uiv'eseens (F.) in Texas, U.S.A.

(Ridway and Jones, 1969). Shands et aL., (Ig7zb)pioneered the work on mass

r'¡leases of predator eggs for the control of potato aphids in Maine, U.S.A.

with sone success. So, too, manually introduced predators have shown

pronise for controlling danage caused by certain insect pests on certain crop

plants on a field basis (Ridway and Jones, 1968, 1969; Shands and Sinpson,

L972a, b; Shands et àL., L972a, b, c, d, e). lbwever, a suitable ¡nethod of

distributing large number of eggs of predators in large field plantings of

certain crops is yet to be developed. So, one of the preliminary investigations

which needs consideration is a nethod for field distribution of M. tasmæ¿iae

eggs. Because of the cannibalistic nature of M. tasmaniae larvae and

adults, releasing the eggs provides a number of advantages.

The following laboratory and glasshouse tests were conducted to

provide the basic information for later field-plot trials.

7.7 Development of a sprayer designed for spraying eggs

Introduction

A special compressed air sprayer was developed by Shand et,aL.(tSZZa) for

spraying eggs of Chrysopa sp., and CoccineLla septenrpunctata and



C. tnansuewoguttata satis'factorily on to potato foliage.

such a sprayer is suitable for spraying M, tasmqniae eggs,

different in size, shape and texture, is yet to be proven.

L70.

lVhether or not

which are

The sprayer and its operation

The general design a¡ld assembly of the sprayer that we used was

similar to that developed by Shands et aL. (L972a). It consisted of the

following components as shown in Figure 31. The assenbled sprayer

weighed 5.0 kg with the spray tank ful1. The air-storage tank was a nedical

air t¡le sizelCt';metal cylinder (40 cm high x 11 cn in dianeter), rated by

the manufacturer to withstand pressures of 10,000 kPa. The required line

pressure was obtained by adjusting the twin-gauge gas-pressure regulator

(comet sprint RJ Series made by C.I.G., Australia) after opening the

cylinder air valve, then opening the cut-off nechanism in the distal end of

the lance by pressing the attached hand operated spray:gun lever. The air

released from the air-storage tank entered and built up the pressure ovel

the liquid in the spray tank. The spray tank was fitted into a cup-shaped

¡netal casing specially constîLrcted to protect the spraying tank fron

breakage. The air pressure over the liquid then forced the liquid fron

the bottom of the tank into the aluminium uptake tube (5 run internal dianeter)

into the rubber tubing (5 run internal dianeter) and through the nozzle on

the tip of the lance" The cone nozzle had a centered, circular orifice

of 1.37 nun diameter, the swirl plate, and produced a hollow cone spray.

The strainer r^ras removed for spraying eggs of M. tasmøtiae, leaving inside

the disc only the 2-hole swirl plate. A 50 mn mouth polystyrer,", ACI(R),

one litre bottle was used as thespray tank. The spray tank rested on a

rnetal support lashed to the air tank with rubber strapping, and was held

in place by a metal strap around it.



Figure 31: The conpressed air sprayer developed for

sPraYing eggs of M' tasman'iae'

A. Air-st.orage tank

B. Air-intatake valve

C. Air tank Pressure gauge

D. DeliverY air Pressure gauge

E. Delivery air pressure regulator

F. Spray tank air-inlet plastic tubing

G. SpraY tank

H. Spray mixture-outlet rubber tubing

I. SpraY lance
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Both the pressure gauges were oriented in such a manner so that

the operator could see them while in operation. The operating line

pressure never exceeded 2.6kg/cnz .

7.2 Techniqu es of spraying eggs

7 .2.7 Influence of nozzle size and icati'on essules On

recovery; ess tch. spray Datterns an Toplets size

Introduction

The quantity discharged by a sprayer depends to a great extent

on the size of the nozzle orifice. Changing the diameter of the

orifice does not only alter the amount discharged but also the

distance carr.ied and the angle of the sPray cone (Hough and Mason,

1951). On the other hand, pressure is the principal factor
./

controlling the spÌay droplets or particles. Increasing the pressure

with a given nozzle size, will decrease the.spray drqplet size. The 
.

finer the spray droplets the further they will be carried. The

greater the pressure also, the greater the included angle of the

spray cone øbid).

- In spraying liquid mixtures containing viable eggs of insects,

the nozzle size needs also to be large enough to allow the eggs to

pass through without causing damage. Danage to the eggs may also

be.caused by the impact of the eggs landing on leaf surfaces. The

inpact could vaïy according to the application pressure. Before the

sprayer is tested in the field, a knowledge of the influence of

nozzle size a¡rd application PTessure on M. tasmaniae eggs nust first

be gathered.
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The ain of these experinents $¡as to deternine the effects of nozzle

size and application pressules on the percentage of egg recovered,

and on egg hatch after spraying.

Materials and Methods

a) Water as the spray mediunt

Two hundred eggs of :14. tasrnaniae obtained from the insectary

culture were added to 600 m1 of distilled water in a l-litre

beaker, then poured into the spray tank and gently swirled to

evenly disperse throughout the spray nediun.

The eggs were sprayed at six different air pressu1.es namely,

0.34, 0.68, L.02, 7.36, 1.72 and 2.06 kg/cn2 using two

different sizes of nozzLe orifice - 1.00 nm diameter and

L.375 nm dianeter. The spray nozzle was directed half-way

into a l-litre beaker which was needed for collecting the

sprayed eggs together with the t,¡ater. The sPray was agitated

continously during spraying. In order to know the verticle

distribution of eggs while being dispersed in the spray tank,

the first, second and third 200 ml of the mixture were collected

in three separate l-litre beakers. The first 200 ml collected

was designated as the botton, the second 200 m1 the middle and

the third 200 m1 the toP.

After each spraying, the inside of the spray tank u¡as

thoroughly washed by adding some water and pouring out the

contents into a large (15 cm) petri dish. In this mannel, any
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eggs that v¡ere retained in the bottle could be counted and

recorded as unsprayed eggs. The nozzle was also searched for

any eggs or remnants of eggs trapped during spraying.

Collapsed eggs or empty egg shells were cl.assified as danaged

eggs. Their nunbers were also recorded. Finally, 50 eggs

were sampled fron a¡nong the recovered eggs, placed individually

in incubation units, and incubated in the 25oC room. The

percent ègg hatch after 4-5 days of observation was calculated.

b). Using Xanthan gun as the spray mediun

A test was also conducted to deternine the influence of

nozzLe size on the spray pattern using xanthan gurn solution

instead of distilled water.

Four concentrations of xanthan gum solutions namely,

.03eo, .06eo, 0.125% and .25% were prepared in distilled water.

Using two size nozzle orifices, 1.00 ¡nm and L.375 mn in diamter,

the solution was sprayed at an air pressure of 2.06 kg/cn2.

The pattern of the spray, the size of the cone spray and the

spray droplets size were observed and conpared.

Results and Discussion

The overall rècovery rate when sprayed using 1.00 nm and 1.375 nun

nozzle were 90.6% (Table 40) and 89.3% (Table 41) respectivelf. The

results indicated that nozzle size had no significant effects on egg recovery.

The overall percent egg hatch after spraying through 1.00 rrn and 1.575 mm

nozzle were 93.5 (Table 42) and 89.7 (Table 43).
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Recoveries (out of 200) of eggs of M. tasmøtiae when sprayed
through a 1.0 mn nozzle at 6 different air pressures using
distilled hrater as the spray mediun.
(T = top, M = rniddlè, B = bottom (lots of 200 rnl solutions)

Air
Pressu
(kg/cm

Vert-
ical
distri-
bution

Egg
reco-
very

(e")

Egg
hatch
(out of

s0)
(%)

Ìfuinber of eggs

spray in
Recovered bottle nozzle Danaged,;.

88

98

90

96

100

88

)
)-
)

)
)-
)

)
)
)

)
)-
)

)
)-
)

)
)
)

95

91

92

94

81

91

)
)
)

)
)-
).

)
)-
)

)
)-
)

)
)-
)

)
)-
)

)
)-
)

0
3
0

1
5
5

0
2
2

5
0
0

2
0
2

0
3
0

0

0

0

2

0

0

)
)-
)

)
)-
)

)
)-
)

)
)-
)

)
)-
)

2

7

3

110 )s0)
30- )

98
62
2t

s6)
s3)
5s)

30)
60)
60)

126
49

6

45
78
65

T
M

B

T
M

B

T
M

B

T
M

B

T
M

B

T
M

B

0.34

0.68

L.02

1.36

L.72

2.06

6

)
)-
)

)
)-
)

)
)-
)

6

4

* 2 2I kgr/cn = L4.5 lblin
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Recoveries (out of 200) of eggs M. tasmaníae when sprayed
through a I.375 rnm nozzle at 6 different air pressures
using distilled water as'the spray medium.
(T = top, M - niddle, B = botton (lots of 200 nl solutions)

Air
pressuxe
(kg/cn')

Vert-
ical
distri-
bution

Ifumber of eggs
Left in Trapped
spray in

Recovered bottle nozzLe Damaged

Egg
reco-
very

(%)

Egg
hatch
(out of

s0)
(%)

97 94

87 -92

73
76
45

23
83
72

43
54
73

80
53
29

2
L36

T7

)
)- s2
)

)
)
)

)
)
)

)
)
)

0
3
0

I
2
9

1

0
5

2
0
2

6
4
I

0
3
0

0

0

0

0

0

0

)
)-
)

)
)-
)

)
)-
)

)
)-
)

0

5

30
98
46

T
M

B

T
M

B

T
M

B

T
M

B

T
M

B

T
M

B

)
)-
)

)
)-
)

)
)-
)

)
)-
)

)
)-
)

)
)-
)

0.34

0.68

L.02

I .36

L -72

2.06

)
)- 8e
)

)
)-
)

)
)- as
)

)
)-
)

)
)- ta
)

15

t6

10

10

-90

92

)
)
)

)
)-
)

)
)-
)

81

78

)
)-
)

)
)-
)
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Since, with n - 50, a X2 test can pick up a significant difference

of only 309o ot rnolrê¡ none of the percent hatches in Tab1es40 and 4t ate

different from each other - showing that the plessure which the eggs were

sprayed had no influence on their hatching percentage. sinilarly, the

peïcent hatchings of eggs splayed through a 1.375 nm nozzle (Table 41)

were no different from those sprayed through a 1.00 mm nozzle. There was,

however, a rathellr?årtical distribution of the eggs whilebeing dispersed

inside the spray tank (bottfe). This may be attributed to the use of

distilled water as a spray nedium. The eggs were expected to be rnore poorly

dispersed and suspended and to settle down more rapidly if the spray mixture

$¡as not agitated continouslY.

Table 42 shows the results of the influence of nozzLe size on spray

pattern and size of spray droplets at 2.06 kg/crn2. At 0.25% the spray

tended to be shaped into a jet; and at 0.72s%1not only was the cone narrorved

but the droplet size also becomes larger. At the lower end of the range of

concentrations, only at 0.03e" with the 1.375 nm nozzle was a normal ccne-

shape pattern of spray obtained which lasted until the spraying ended'

For this conbination of concentration and nozzle size, the spray droplets

began to get bigger only at the very end of the spraying period'

7.2.2 Selection of suitable spray nediun

IntToduction

several materials have been tested including agaT, Dacagrn,

sucrose (Shands et aL., !972a; Jones and Ridgrvay, 1976), Methocel,

Decagin plus sucrose, corn starch plus suclose (Jones and Ridway,

1976), Plantgard (Nordlund et aL., Lg74) and xanthan gum (McWillians'

1979; HaIL et aL., 1930) as spray nedia for irnmersing dispersing
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TabLe 42: Effects of size of nozzle o4ifice on the spray pattern and

droplets size at 2.06 kg/cn-.

Diameter of nozzLe orifice
1.00 nm 1.375 mn

Concentration
of

Xanthan gun
Spray
pattern

Droplets
size

Spray
pattern

Jet

Narrow
cone

Nor¡nal
cone but
narrowed
at the end
of spraying

Nor¡nal
cone

Droplets
si-ze

Large

Finer

Fine but
larger
droplets
at the end

.2SYo Jet

.L25e, Narrow

.069o

conecone

Large

Fine

Fine039o

Normal
cone but
narrowed
at the end
of spraying

Normal
cone but
narrowed
at the end
of spraying



L7B.

eggs of insects while in the spray tank and for adhering the eggs

to plant foliage after being sprayed. Since different spraying

equipnents were enptoyed in the above works using different

concentrations,of ihe spray media, different application pressures

and nozzle sizes and different groups of insects, there is 1itt1e

basis for comparing the results. A separate test was thouglÉnecessary

for testing selected spray media against M. tasmaniae eggs.

These laboratory experiments were conducted to select from a

range of selected materials, which have been used in the past, a

suitable one as liquid nedium of good immersion, dispersion and

adherence properties.

Materials and Methods

a). Agar, gelatin and slrcrose

A prelirninary laboratory experiment was conducted at room

temperature to evaluate several materials for inmersing M. tasmøtiae

eggs in them. Materials investigated were 0.75eo agar, 1.0% gelatin,

and 5.0% sucrose.

The irunersing agents were dissolved in distilled water, using

heat vrhen required. The test solutions hrere tested for their

inrnersion ability by conpletely soaking 20 M. tasmaniae eggs in 5 n1

of the solution contained in a sma11 plastic petri dish (35 nn in

dianeter and 10 nm deep) .' The eggs were then left submerged for

a period of 50, 60, 720 and 240 ninutes. At the end of each

immersion period, the eggs were removed and individually placecl inside

an incubation unit. The eggs were placed in a 25oC room for hatching.
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Egg hatching was observed daily for a peri.od of 6 days. The

percentage of eggs that hatched for each treatment was calculated.

Test solutions rvere also tested at 2OoC for their suspension ability

by estimating the speed of egg settling down as each egg is allowed

to sink through a distance of 5 cm of a test tube (15 inm long and

10 mn in dianeter) filled with the solution.

b). Plant glue

A plant glue called Plantgar¿ß) (Polymetrics International,

New York) designed for use in the protection of ornamental trees and

shrubs against water loss and air pollution, uJas tested at room temp-

erature for its immersion effects on M. tasmqniae eggs. Similar

procedures as described in Section 7.2.la was followed using four

different concentrations namely 0, 10, 20 and 30% solutions in

distilled water. Sinilar observations as described in Section 7.2.La

were taken.

c). Xanthan gunl

Xanthan gum was then tested for its effects on M. tasmøtiae

eggs following poor perfoûnance by plant glue. In addition its

1A cream coloured, odorless, free flowing powder. Dissolved readily in
water with stirring to give highly viscous, solution at very lor.r concen-
trations. Forms strong film on evaporation of aqueous solutions.
Resistant to heat degradation. Aqueors solutions are highly pseudo plastic.
Used in foods, non-foods cosmetics as stabilizer and enrulsifying agerìt.
(Ihe Merck Index, 1976).
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ability to adhere eggs on to potato leaves was evaluated.

Five concentrations (0, 0.05, 0.06, 0.L25 and 0 .25%) of

xanthan gun in distilled water were prepared. For testing its

ability to suspend the eggs, the solution was poured into a lo0 nl
graduated cylinder. The cylinder was positi.oned in front of a

dark brown cloth so that the eggs inside the cylinder courd be

easily seen. one hundred eggs were added into the solution and

agitated gently. The nixture was then observed periodically for

I hour at intervals of 5 ninutes for eggs suspension results. At

the end of the t hour period, the nurnber of eggs settling at the

bottom of the cylinder were counted.

In the egg submergence experiment, four concentrations of

xanthan gun solution narnely 0, 0.06, 0.r2s and 0.25eo werê, tested.

The solution was poured into a sna11 plastic petri dish (3s nm

diameter) to fill up to L-2 cm of its rin. Twenty eggs v¡ere placed

on the centre of a square piece (5 cm x 5 cn) of fine-nesh black

voil. The voil was then carefully lowered into the dish until all

the eggs had been subnerged. The piece of voil was needed to

contain and remove the eggs as quickly as possible. The eggs

were submerged in the test solution and the control (only distilled

lvater) for a period of 30, 60, 720, 180 nins. Eggs

were removed and placed individually in an incubation unit at the

end of each immersion period. Eggs were kept in the 2soc roon for

hatching.

To detennine the adherence properties of the eggs a sorution

of 0.03eo and 0.2s% xanthan gum in distilred water were prepared.
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About I00 M. ta.smøtiae eggs rtreïe added to 100 ml öf the gurn solution

contained in a 100 nl beaker. The mixture was agitated and left
standing for 50 ninutes. At the end of the submergence period.,

the rnixture u¡as poured out into a large petri dish (15 cm diameter)

so that the eggs could be taken out easily. The eggs were taken

out of the nixture and placed individually on a potato leaf disc

(30 nn dianeter) contained in a 35 nrn plastic dish. To keep the

leaf disc fresh a layer of rnoist firter paper was placed under it.
To deternine whether the egg has been glued on to the potato leaf,

the egg was gently brushed three times using a veïy soft camelrs

hair brush at intervals of 15 minutes for t hour. The egg could

only be categorised as rrgrued on" if it remained stationery when

brushed- The experinent was conducted at 15, 20, zs and,30oc.

Results and Discussion

Figure 32 presents the results of irnnersing M. tasmØ¿iae

eggs ín water solutions of s% sucrose, L% geratin and 0.15% agar.

There was a general reduction in egg hatch with increasing periods

of egg inrnersion. Gelatin at 1% concentration caused the highest

reduction in egg hatch at I hr, 2 hr and 4 hr irunersion period.

After 4 hrs of imnersing, the eggs in gelatin there hras a reduction

, of 55% (as compared to control) reduction in egg hatch. The zero

reduction in egg hatch caused by gelatin at 30 min inmersion was

in contrast to shands et aL. (r972a) results who reported, s9%

reduction ín coeeineLLa septernpuctata egg hatch. shands et aL.

(I972a) did not test effects of irrnersion for periods longer tha¡

30 ¡nin on egg hatch. Distitled !ùater alone caused 2seo and 2oro

reduction in egg hatch at 2 hrs and 4 hrs immersion periods.



Figure 52: Effects on eggs hatch after imnersing

M. tasmawLae eggs in various water solutions.

N Control (distilled water)

fl srr"tose (s%)

@ ng^t (0.1s%)
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Neither the 5% suclose nor L% gelatin as spray media appeared to

have an effect on the percent hatch of M. ta.smqytíae eggs after

30 min of inmersion. However, after I hr of innersion., gelatin

caused 25% reduction in egg hatch while sucrose only caused Seo

reduction. From the results it was obvious that submerging the

eggs for n¡ore than I hr in the various solutions hras detrimental

to the eggs. If ever any of the solutions tested were to be used

as a .spray medium, eggs would have to be sprayed within t hr after

adding then to the spray mediun.

Settling speed of eggs

The results of the suspension test are given in Tabl e 43.

If the settling speed of the egg is taken as a neasure of the degree

of egg suspension, then the slower the settling speed, the better is

the egg suspension. No speed could be recorded for all concentra-

tions of agar, since the eggs did not move at all after 1 lrr of

observation. Probably agar vfas too viscous even at 2OoC to a1low

adequate dispersion and suspension (Shands et aL., I972a). Eggs

suspended in 5% sucrose solution settled down 58% slower than those

placed in distilled water. 0n the other hand, l% geLatin reduced

the settling speed of the eggs bY 156%. The results only indicate

that eggs placed in gelatin 1% will remain suspended longer (nore

than twice) than those placed in sucrose 5%. In spite of the good

suspension property of I% gelatin, it will not be safe to use as a

spray nedium because it had adverse effects on egg hatch.
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Table 43: Settling speeds (sec./S cn) of M. tasmaniae eggs
travelling in various spra)' nedia

Egg

Solutions 1 2 3 4 5 6 7 8 9 10 lvlean

LAgar..05%

Agar .10%

Agar .15%

*****

**tÊ**

tr

*

*

* *

*

*

*

*

**

* * * * * * *

Gelatin 1% 33.6 26.5 25.5 35.0 32.5 32.3 34.4 32.6 32.5 34.0 3L.7

Sucrose 5% 18.4 t7.0 18.4 L9.2 2t.0 2L.3 79.7 L7.0 22.7 2L.7 19.6

Control
(Distilled

watel)

tr.7 L2.6 13.0 13.5 11.s 12.3 L2.7 11.8 11.8 13.0 L2.4

*

1* indicates that the eggs renained stationery all the tirne.
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Egg hatch

Figure 55 presents the results of the effects on egg hatch

when M. tasmamiae eggs ü¡ere inmersed in Plantgard solutions. The

general trend was that greater reduction in egg hatch was obtained

with increasing concentration of Plantgard except at 2 hr inrnersion

which produced a 6% higher percent egg hatch at 25eo concentration

than at 10% concentration. Plantgard not only caused greater

reduction in percent egg hatch, but those larvae that hatched had

then tails glued to the egg shell and only some managed to crawl

out half-way. No further test was conducted on Plantgard.

The results of the egg imnersion test on xanthan gum are

shown in Figure 34. Except at 0.125% constant and 24 hr immersion

period, xanthan gtrn appeared not to cause appreciable reduction in

percent egg hatch as compared to other materials tested. Percent

egg hatch was on the average higher at all concentrations and was

naintained at 65eo or higher.

Table 44 pïesents the results of suspending M. tasmaniae eggs

in various concentrations of xanthan gun solution. As the concentra-

tion of the solution was increased, it became more viscous and that

permitted good suspension of M. tasmartiae eggs. Even at concentra-

tions as low as 0.03%, the eggs remained in good suspension fot 20 nins.

Egg adherence

Results of the experimenf on egg adherence to the potato leaf

disc at four different temperatures and at two concentrations of



Figure 35: Effects on egg hatch after inmrersing M. tasmaniae'

eggsinvariousconcentrationsofgluesolution.
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TabLe 44: Results of suspending MLcrorm,ts tasmaniae eggs in various
concentrations of Xanthan gun solution.

Conc.
of

Xanthan
gun
(e")

No. eggs
observed

for
hatcir

Percent
of

hatch

No. seconds(sJ or ninutes(n) or hours(h)

50% of eggs
hrere suspended

75ro of eggs
were suspended

100% of eggs
h¡ere suspended

0 100

.03 100

06 100

.125 100

100

93%

96eo

939o

909o

90%

2tn

25m

*1

40s

40n

45¡n

50m

1n30s

55n

3h2hth

25

1* indicates that the eggs have temained in suspension for >3 hours.



Figure 34 Effects on egg hatch artet inmelsing 1'l. -t;asn¡astiae

eggs in various concentratiotrs of Xanthan gum

solution.
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xanthan gum solution are given in Table 45. The overall mean

percentage of M. tasmøtiae eggs gluecl to the potato leaf discs

t hr after the eggs had been taken out of the .ZSeo xantha gum solution

!,ras 80.6%. Slightly higher overall mean percentage (92.5%) of eggs

glued on to the leaf was found in the case of 0.O3eo gun solution.

Tenperature seems to have very little effect on the percent.

eggs glued. A significant difference (P<.05) in the percentage of

eggs glued was found anong the temperatures in the case of .03eo $r¡m

solution. Between 15 and 30 mins. after the eggs wele placed on the

leaf seemed to be the critical period governing the percent egg glued.

The eggs were well glued on to the leaf discs after the 30 nin duratión.

7 .2.3 Distribution of sprayed eggs on a flat surface with

Introduction

Once a nethod of distributing the eggs has been developed, the

next step is to study the distribution of the eggs when sprayed on to

the plants in the field. Shands et aL. (I972a) experienced difficulty

in getting uniform dispersion of eggs of CoceinelLa septentpuretata

in the spray mixture which eventually resulted in less uniform

distribution of the eggs when sprayed in the field. A large percentage

of eggs sprayed in the field may be lost because they become soil- or

mud-covered, both in the open and beneath a plant canopy, as experienced

by Shands et aL. (r972a).

The fotlowing experiments were conducted to study the distri-

bution of M. tasmøtiae eggs when sprayed under sirmlated field

conditions, and to estinate the percentage of egg caught on the foliage

and those lost on the ground.
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Table 45: Percent eggs glued on to potato discs at different
temperatures after being taken out of the Xanthan
gun solutions and placed on the leaf discs.

Percent eggs glued on leaf disc (n=10)Minutes
later lsoc 2oo.c 2soc sooc

0.25% Xanthan gum solution:

60

60

90

90

0.03% Xanthan gun solution

70

80

80

80

15

30

45

60

90

90

90

90

100

100

100

100

70

70

90

90

15

30

45

60

100

100

100

100

90

90

90

90

90

90

90

90
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Materials and Methods

a). Distribution of eggs sprayed on to a flat surface

One hundred and fifty eggs of M. tasmaníae rvere added to

200 nI of 0.03eo (w/v) xanthan gun solution. The eggs were thoroughly

dispersed throughout the gum solution by gently pouring the nixture

back and forth between ilvo 500 nl beakers. The nixture was then

poured into the spray tank and was ready for spraying.

The experinent was conducted in a wind-free enviroûnent

provided by a glasshouse with the temperature maintained at Z,SoC.

One hundred and five black plastic pots (each with a diarneter of 15 cn)

were placed upside down, touching one another and so arranged to

create a rectangular block of 15 pots long and 7 pots wide. A

rectangular piece of black voil fabric (500 crn x 150 cn) was placed

over the block of pots which acted as support. This type of arrange-

ment of pots and the fabric v¡as designed to be used in subsequent

spraying tests.

The eggs were sprayed, from a height of 45 cm from the fabric.

The air pïessuïe was maintained at 2.06 kg/cn2 and the diarneter of

the cone nozzLe orifice was 1.575 nm. A spray swath of 60 cm wide

was obtained when sprayed from a height of 45 cn. The sprayer b/as

moved down the middle of the spray area at a speed of approximately

1.6 tm/trr (= 2 m.p.h.) and it was moved back and forth along the

spray area four times before the spray tank was enptied.

After the spraying was completed, eggs left in the nixing beaker,

the spray tank and on the black fabric were counted. Also, the

position of individual eggs on the fabric were marked on a paper, thus



18 9.

showing dïgramatic repÌesentation of the distribution of the eggs.

T'he spraying test was repeated 3 times.

b) Distribution of eqgs on to a Ìot¡ of potato plants

Similar procedures as described ín 7.2.3(a) were fol1owed.

The only difference beth¡een this experiment and the previous one hlas

the presence of a row of 3 potted potato plants on the centre of t'he

black fabric. By renoving three enpty pots on rows 5,8 and 11 of

the niddle column, the 3 plants spaced at 15 cm apart were then

positioned. Each plant had an average canopy diarneter

of 40 cm, an average height of 20 cm, and an average of 13 leaves

(excluding those leaves less than 2 cn long) per plant.

The nuilber of M. tasmøtiae eggs left in the rnixing beaker,

in the spray tank, on the fabric and on the plants were sinilarly

counted. The spraying test repeated 3 times.

c). Distribution of sprayed eggs on to two rows of plants

Si¡nitar procedures to those used in the two previous experiments

were followed. Instead of having one roul in the middle of the spray

area, tblo rows of 5 potato plants, with the leaves between the

adjacent plants touching, were usedClt*uttStL'were sprayed on to the

plants by keeping the spray nazzLe in a straight line in between the

tr4¡o rornrs. Eggs left in the rnixing beaker, in the spray tank, on

the fabric and on the foliage were counted. The spraying test was

replicated three tines.



Fígure 35: A typical layout of potted potato plants

protruding through a black cloth for the

sPraYing tests in the glasshouse.
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Results and Discussion

Results of spraying eggs on the black fabric without plants

on it are shown in Figure 55 and Table 46. It can be seen in

Table 46 that the average percentage of the eggs sprayed on to the

fabric lvas 86%. Most of the eggs that were not sprayed were left

in the spray tank. The number of eggs retained inside the spïay tank

nay vary according to the gap created between the lower end of the

uptake tube and the botton of the spray tank. Very few eggs were

lost or drifted away during spraying. The dístribution of the

sprayed eggs on the fabric appeared to be quite even with very few

eggs going outside the spray swatch boundary (Fig. 36) .

Table 47 presents the results of the experinent on spraying

the eggs on a row of 3 potato plants spaced at 15 cn apart, An

average of 21 eggs (14.O%) of M. tasmaniae landed and stuck on the

leaves. More than half of the eggs sprayed (55.2u"7 la¡rded on the

black fabric. Unsprayed eggs which were retained inside the spray

rank amounted to I0.7eo which conpared favourably with that detailed

in the previous experinent (10 .0%) - Each plant had an average of

4.2 eggs. So, quite a substantial quantity of eggs weïe actually

landing on the fabric when plants r^¡ete spaced out. This is true

in the field. in the early stages of the growth of the potato plants

where the leaves of plants within and between rot{s are still not

tocuhing one another.

lVhen the palnts were moved closer together with their leaves

tocuhing the nr¡nber of eggs landed on the plant were almost doubled

as sholn in Table 48. since in this case there r^ras 50% less open



Figure 56 Distribution of eggs of M. tasrnaniae after

being sprayed on to a flat piece of black

fabric for each of the 5 replicates.
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Tab1e 46: }ùumber of M. tasmøtiae eggs lost and recovered
in nixing beaker, spray tank, black fabric and
potato plants after spraYing.

No. of .Eggs (n=150)

Replicate
.I

Replicate
-II

Replicate
III

Mixing beaker

Spray tank

Black fabric

Lost

I

9

0L

20

728

L6

L2S ts6

491
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Table 4"7'; l.fr¡mber of M. tasmwtiae eggs lost, and recovered
in nixing beaker, spray tank, black fabric and
on potato plants after being sprayed.

No. of Eggs (n=150)

Replicate
I

Replicate
II

Replicate
III

Mixing beaker

Spray tank

Black fabric

632

9583

L4 t3

19

23

2t

t6

Plant I 5

2

4

6

2

19

1

5

6

7

4

86

5

5

4

3

6

2t

tl

il

il

ll

2

3

4

5

Total

Lost 32
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Table 48: lfuinber of II. tasmania.e eggs lost and recovered
in mixing beaker, spray tank-, black fabric and
potato plants after being sprayed.

No. of Eggs (n=150)

Replicate
I

Replicate
II . .

Replicate
III

Mixing beaker

Spray ta.nk

Bl-ack fabric

1-6

2-7

3-8

4-9

5=10

L4

30

2-0

7-S

5j4
5-9

3-5

40

L7

4-2

3-3
3-4
4-3
5-5

2l

50

3-t
5-5

6-7

2-5

4-5

I03

6463

Plants
lt

n

l¡

lt

Total 39

39

32

lost 38
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area on the black fabric, the percentate of eggs landed on the fabric

was reduced from 58% to 39%. The percent of eggs ïetained in the

spray tank was L7.3eo which is still within the range of those obtained

in previous experirnents (Section 7.2.2). The percent of egg lost,

probably due to spray drift or eggs bouncing off the leaf surface and

thrown off the edge of the fabric in Experiment 7..2.3a, b and c r{ere

4.6%, 22.0% and 35.6% respectively. There was obviously an increase

in the percent egg lost. More eggs were lost in the presence of

plants on the fabric than otherwise. Even more eggs were lost if

nore plants u¡ere present. l\¡hether or not the number of eggs that

bounced off the leaves and were lost is related to the area covered by

the leaves is not known. Since the air inside the glasshouse r/ias stitl,

egg loss due to spray drift was very unlikely.
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CHAPTER B

SMALL-PLOTS FIELD STUDIES ON INUNDATIVE RELEASES OF

M, TASJ"1.A,N_IAE EGGS

Introduction

In the direct nanipulation of entomophagous insects through either

innoculative or inundative releases, the natural enemy is first selected

as a candidate for release. The selection is based on three strategies:

a) innoculative releases rnade with the expectation that the species will

survive pemanently in the system and regulate the pest at a nevù and lower

density; this is classical biological control; b) innoculative releases

nade with the expectation that the species will survive and reproduce only

for a lirnited nurnber of generations and prevent the pest density from

rising above the economic threshold during that period and c) periodic,

inundative releases for innediate control of a pest population, with an

expectation of innediate prey mortality but not long term regulation. The

third strategy refers to the use offbiological insecticidest with thresholds

which nay differ fron those established for chenical usage (Rabb et aL.,

1976; De Bach, 1964).

In this thesis, a hypothesis based on stragety c) nentioned above n¡as

formulated. The hypothesis states that when large numbers of M. tasmaniae

eggs are periodically released to the potato crops in late March to cojncide

with the period of nigration of alate M. persieae, an early suppression of

the developing initial aphid populations may be achieved, thus naintaining

the aphid population at a very low leve1 and preventing the incidence and

spread of potato leaf ro11 virus infection.
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Past work on inundative releases of insect predations for the

control of aphids, melaly bugs, mites and lepidopteTous pests have been

successful on an experimental basis. Doutt and Hagen (1950) reported

the successful suppression of Pseltåoeeocus sp. on pears in U.S.A. through

periodic releases of Chz'ysopa eggs. More recently, experimental

releases of Chz,ysopa sp. have been effective against HeLiothis sp. on

cotton (Ridgway and Jones, 1968 and 1969) and aphids on potatoes (Shands

et aL., I972). Experinental releases of coccinellid pledators also

have shown promise against aphids on potatoes (Shands et aL. L972a,b,c,

d and e).

Tt¿o experirnents with inundative releases were done in this

study. Their nain purpose was to evaluate the effectiveness of periodic

inundative releases by spraying of eggs of 14.tasmaniae in the suppression

of. M. persíeae populations developing on potato plants in late March.

Materials and Methods

8 .1 Experiment 1: potato p lants artificially infested lvith aphids

This first experirnent was conducted in December 1980 at the Waite

Agricultural Research Institutets orchard at Glen Osnond, South Australia,

and was timed to coincide with the period of the year when M. persieae

aïe scarce in the potato fields. The absence then of natural pôpulations

of M. pensicae and of their predators enabled the artifical infestation

of pl.ants with insectary-reared colonies to be nade without the necessity

to enclose the experimental populations in large field cages.

This experinent was done to test the nethods etc. before the 2nd

experiment was done with naturally infested plants at the critical time in
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March when aphid populations are starting to build up and need to be

controlled.

a). Plants

Healthy certified seed pieces of the rExtonr variety of potatoes

were planted on September 29, 1980 in 90 cn rows. Spacing of seed-

pieces were 50 cm apart in the sna1l plots, consisting of four 5 n

rows. The plots were arranged 2 x 3 conpletely randomized design

wíth 2 treatnents and 5 replicates. The two treatments r,{ere sprayed

and unsprayed (control). The soil surface was kept bare in the 4 n

alley and 2 rn alleys between colurnns and rows. A 4 n wide soil

surface bordering the plots was also kept bare

Cultural practices on growing potatoes for this experinent

were those normally followed in commercial plantings except that no

insecticide and other pesticides were applied. The plots were

irrigated by furrow-flood, rather than by the overhead sprinklers

usually in commercial crops so that the eggs of 14. tasmøtiae that

hlere sprayed on to the leaves would not be washed off during

irrigation. The first furrow irrigation v/as done one day prior to

spraying and the second one v'¡as done 5 days J-ater. The S-day

interval between irrigations allowed those eggs that were sprayed

on thê ground to hatch before the next irrigation.

One day prior to infestation by aphids 30 leaves (3 leaves x

10 plants) were randomly sanpled fron each replicate in the sprayed

and control plots. Total numbers of //4. persicae and other aphids

(if any) and natural enemies hiere counted directly fron the leaves.
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b) Infestation with aphids

Potato plants were infested on December 2, 1980 in the late

afternoon by placing 6 fourth instar and adult aptenous ¡y'. persieae

on every 3rd plant. A total of 34 plants were infested with

204 aphids.

On December 3, a few hours before eggs of M. tasmaníae were

sprayed on to the plants, 30 leaves were again randomly sampled

from each replicate, ffid aphids and natural enernies were counted.

c) Spraying of eggs of M. tasmqtíae

Eight hundred eggs suèpended in 1000 m1s of 0.OSeo xanthan

gum solution were sprayed on to plants in each replicate of the

treated plots with a specially designed compressed air spïayer

equipped with a cone-type nozzre at 2.06 kg/cn2 pt"rr,-rr". The eggs

varied in age fron 24 hours to 2 weeks (held at soc). First the

two inner rows of plants, and then the two outer rows of plants were

sprayed in succession. spraying was done at a distance of not more

than 45 cn between the nozzle and the top of the plant.

The first assessment of the effectiveness of the release of

M. tasmøtiae eggs Ì/as nade 5 days after spraying to allow nost of

the eggs, particularly those fal1en to the ground to hatch out.

The potato plants at the time of spraying were already matured

with 2-5 stems per hill and 10-12 leaves per stem. The loruer leaves

of some of the plants were seneseing and.the plants lying prostrate

on the ground tolards the end of the "*p"rìr"nt. The experiment
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could not be conducted earlier when the plants were smaller and

younger because of the difficulty in synchromizing the production

of M. persieae and of M. tasmaniae eggs at the critical time for

field infestation.

8.2 Experiment 2 ; potato plants naturally infested with aphids

a) The plants

Healthy certified seed pieces of rExtonr variety of potatoes

were planted on February 10, 1981 in 90 cn rohrs. Spacing of the

seed pieces was 90 cn betrveen rows and 30 cm with rows (Fig. 37)

Each of the six plots consisted of five 6 m rows. The plots were

arranged 2 x 3 completely randomized design with thro treatments, i.e.

1) Sprayed with eggs, and 2) Not sprayed with eggs (control). Each

of the treatments was replicated three times. The soil surface h/as

kept bare in the 4.8 m alley between columns and rows of plots. A

10 m wide soitr surface bordering experimental area was also kept

bare. Similar cultural practices described in Section 8.1 were

followed. The plots were furrow-irrigated beginning one day prior

to the spraying of eggs.

b) The tininA of Sprays of egss

Activity of aLate M. pensicae was ¡nonitored by placing a

yellow pan water trap 45 c¡n above the bare soil surface in the

centre of the experimental area. The tining of the first spraying

of the eggs of M. tasmøLiae was based on the tine of migration of

alate M. pet'sieae into the potato plots with the trends in numbers of

a\ate M. pez,sicae in the trap being used to indicate the time of

nigration.



Figure 57: Smal1 plots of potatoes separated by bare

ground used for the trials on field spraying

of eggs of M. tasmarvLae for control of

M. persíeae.
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Dataonthenumberofwingeð'14.persíeaecaughtbywaterhad

been collected over a 3-year and 2-year period at waite rnstitute

and Milang respectively. The graphs of numbers per trap given in

Figure 58, show that rvinged M. persieae flerv into potato crops

between end of Febn-rary to end of March' Thus' in order to achieve

early season control of the aphids, the predators need to be

released during the early part of the migration period'

The first spraying of eggs was therefore rnade on March 24'

1981 and other sPraYS were aPPlied

4 weeks.

twice weeklY over a Period of

d) The s ofe S

The treatrnents were randornly assigned to each of the plots'

At the time of first spray, the plants were relatively young. The

leavesofplantsbetweenrowswerenottouching.Basedonthe

average of 14 plants per row' the average number of plants per plot

uras ca. 70. Low rates of spraying nade initially was due mainly

to unavailabilitY of eggs'

Theinitial900-1000eggssprayed.oneachplot''wasbasedon

the expected final density of s eggs per plant. Approxinately 80%

of the sprayed eggs were expected to be lost or killed due to the

following factors: 1) spray drift i 2) eggs sprayed to the ground;

5)pooregghatchandlarvalsurvivalonsoil,and4)otherunforseen

causes of mortalitY.

The potato tubers from each plot were dug out on May 5' 1981

and the yields were recorded as wet weight of tubers '



Figure 38: The nunber of winged M. persieae caught per

trap at Waite Agricultural Research Institute
(WARI_ in 1979, 1980 and 1981, and at Milang

in 1979 and 1980.
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Results and Discussion

Experinent I

Figure 39 shows the population trends of M. persicae and natural

enemies before and after the plants were sprayed with eggs of lu|. tasmaníae.

In spite of a rapid increase in the populations of M. pe?sicae up to five

days after infestation, the aphid populations in both sprayed and

unsprayedplotsclashedtozerosdayslater.Thepopulationcrash

coincided ürith the unexpected and unfortunate rise in the air temperature

with the daíly maxinum temperature staying at 40oC for 2 d.ays (days 7 and 8) '

The high temperature caused the plants to wilt and sorne of then to die.

The 40oC was in excess of the 37.5oC thermal death point for M. persíeae;

above 57.;oC, no M. persieae are expected to ïecover and reproduce when

exposed for one hour or longer (Broadbent and Hollings, 1951).

On the other hand, a surprising nunber of chrysopid eggs were laid

quite early on the plants in both the treatnent and the control (Fig. 39)

and the crash of the aphid population may have been due partly to the

activity of chrysopid larvae. More larvae of Chrysopa sp. r{ere found after

the heat wave indicating that they may be more tolerant of high tenperatures

ttran M. tasmøtiae larvae (Neuenschwandet, et aL., 1975) -

The populations of M. persieae were significantly higher (P>.05) in
üfl.

the^spr

The experinent was then teïminated because ¡nost of the plants were in

very poor condition.

The nurnbet of M. tasmaniae eggs on sprayed plants were 100 % higher

than that of unsprayecl plants. Only 1 egg was found on every 10

ayed plots than in the sprayed plots prior to the population crash.



Figure 39: Pop$lation trends of apterous M. pensøeae'

CVwysopa sp. eggs and larvae and

M. tasmaniae eggs and adults; and the

daily mean air teÍperature in snal1 potato

plots where eggs of M. tasmaniae were

sprayed.

A - indicates rvhen the potato plants were

artifically infested with M. persicae.

B - -indicates when eggs of M. tasmø¿iae

were sprayed.

o-o (SpraYed)

o- -o (Unsprayed - Control)
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leaves on the sprayed plants representing less than 1 egg per plant

(on the basis of L2 leaves per plant). The very low nurnber of eggs

found on the plants b/as expected because of the windy conditions at the

tine of spraying. A very high proportion of the eggs sprayed nay have

drifted away with the wind. The sharp drop in the number of eggs found

on the leaves after a few days was due to the difficulty of finciing egg-

shells of eggs in the field after the eggs had hatched. some eggs of

M. tasmaniae found on the plants before spraying were obviously ovipositecl

by naturally occurring adult M. tasrnætiae. But no adult M. tasmrytiae

were found in sanples from either the sprayed or unsprayed plots until

after the rise in air temperature. Perhaps the higher air temperature

forced the adults to actively search for aphids.

No conclusive evidence could be drawn as to whether or not the

release of M. tasmalliae had effectively suppressed the populations of

1,1. persieae in this experiment.

Ex erirnent 2

Figure 49 gives the trends in the mean numbers of apterous

and eggs of M. tasrnøtíae. The ladybird coeeineLLa repøtda arso

and Figure 4 0 are also given the numbers of all its stages found

in the sprayed and unsprayed p1ots. Finally, Figure 40 records

at hlhich sprays of eggs (as indicated by arrows) of M. tasmaniae

applied to the (treated) porato plants.

M. persicae

occurred

on plants

the times

weTe

There was obvious differences in the nunber of aphids in the tlieated

as opposed to the untreated (control) plants, with a peak of aphids of

8071 per 30 leaves in the control and 2354 aphids per 30 leaves in the



Figure 40: Population trends of apterous M' petsLca'e'

eggs of M. tasmanLae and all stages of

î r'epanàa in snall potato plots where

sequential sprayings of eggs of M' tasmartiae

were to control M. Persicae.

Arrows indicate the date of spraying of eggs'

o-o (Sprayed)

o- -o (JnsPraYed - Control)
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treated plots. So the peak number of aphids in the treated plots was

reduced by 70%

The number of C. repard.a were relatively low so the reduction in

the nunbers of aphids in the treated plots was almost certainly due to

the M. tasmaniae that were added to the tleated plots.

The populations of M. persícae in the unsprayed plots were much

higher than in the sinilar plots in previous years (peaks of 500 aphids

per 40 leaves in 1979, and 900 aphids per 60 leaves in 1980), and the

unusually high numbers of aphids nay have increased substantially the

predator-prey ratio which enabled nost prey to escape from predation.

The suppression of the aphid populationrs in the treated plots would

obviously have been easier if tire numbers of aphids in the control plots

¡Iere as low as those in previous years. Another reason for the relative

inadequacy of control of M. pez,sicae in the treated plots may have been

due to the delay of one week before the first spray was applied. The

delay in spraying was due to very hot dry weather which prevented early

planting and norrnal growth of the plants. Moreover, when the eggs were

ready for spraying in early March, the potato plants were just emerging

fron the ground and were too sna11 for effective spraying.

Counts of M. tasmøtiae eggs verified the increase in the egg and

larva1 populations in the treated plots (Fig. 40), though the nunbers

found were considerably less than the numbers prayed. Larvae of

M. tasmaníae were rather difficult to find in the field. Sinilarly,

Ridgway and Jones (1969) found only a sma1l percentage of C. carnea larvae

actually present after releasing thein into cotton plots.
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No adult M. tasmaniae were found in samples taken weekly. However,

the presence of M. tasmæziae eggs in samples taken from the unsprayed

plots indicated that there r4/ere indeed some naturally occurring adult of

M. tasmøtiae

The only other predator found in the plots $Ias C. repøida which was

found in both the sprayed and unsprayed plots. The total number of

C. repand.a of all stages seemed to increase in response to the increase in

the prey populations. Other aphidophagous insects such as chrysopids and

syrphids were not found in the course of the experinent.

As shown in this study, an overalT 70eo reduction Þ.05) of the

populátion of M. persieae in the plots sprayed with eggs of M. tasmutiae

clearly de¡nonstrated the potential of inundative releases for pest control.

Thò releases also increased the yield of tubers in the treated ptots by 38eo

(Ps.05) (Table 49¡. Nevertheless, practical application of periodic

inundative releases of M. tasmaniae for control of M. persícae in conrnercial

plantings of potato crops will require further research concerning the

tining of releases, the numbers required, econornics of mass productic¡n and

nethods of distribution.

Some of the najor factors which need consideration on conducting

predator release progr iammes are plot barrier, spatial distribution of

sprayed eggs (Shands and Sinpson,7972s, b), size and shape of plot and

number of eggs and schedule for release (Shands et aL., I972b,c and d).

One or rnore of these factors may have influenced to a greater or lesser

extent the success of the predator release reported in this chapter.

No estinates were rnade of the amount of interplot movenent of aphids or

of the predators released. However, the relative lack of variability



Table 35: Yield of potato tubers frorn plots sprayed and
unsprayed with M. tasmqtiae eggs.

Wt. of tubers (kg)
Plot

(replicate) Sprayed Unsprayed

I

2

29.6

35.0

14 .5

L7.9

27.5

9.73

Total 79 -L 49.L
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between replicates of the treatments, and the distribution patterns of

the aphids and of the predators lead ne to believe that there were

reasonably separate populations of both by treatments. The effects of

interplot novement nay be sufficiently reduced, as suggested by Shands

and Sirnpson (L972a, b), by using large plots (e.g. 0.04 ha) separated by

alleys of bare ground 4.5-6.0 n wide.

How the eggs are placed on the potato plant is also of great

inportance in achieving effective reductions in pestabundance (Shands and

Simpson, I972a, b), In small plots, such as those used in this study,

uniform placement of eggs is best obtained by placing eggs on every row.

However, in a large plot or a smêll fie1d, the pattern of placement of the

released eggs depends on the mobility of the larvae and economics of the

operation. Shands and Sirnpson (I972a, b) found that in a sma1l field

(0.1-0.2 ha in size) , Chrysopa. eggs were best placed in areas 5 n diameter

centred 15 m apart and CoeeineLla eggs on every r.ow to give the best

reductions of aphid population on potatoes.

Timing and frequency of release could also have marked influence on

predator performance. Usually the frequency of release will depend on the

availability of eggs, but idealIy, perhaps, the numbers of eggs released

may be increased in proportion to the increase in the aphid density per

unit of sanple (Shands et aL., L972c). On the other hand, rapid

accumulations of predator numbers for greater early suppression of aphid

populations is more important if the economic threshold level is extremely

low. A very lol economic threshold is irnportant, particularly when the

pest, like M. persieae is a vector of inportant potato vin¡s diseases.
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The trick however, is to maintain a low level of prey that is adequately

controlled by the predator without the predator dy'ing out. The sna1l

aphid population wilt thglninirnize inter.-plant novenent of infected aphids

and the spread of the vi-rus rnay be prevented. Such control of aphid

population at a very low level may not be possible but further experi-

mentation is needed to explore its possibility.'



207 .

CHAPTER 9

GENERAL DISCUSSION

(A) þ1. tasmætiae as a biological control agent

In natural aphid populations at the lVaite Institute and Milang in

South Australia, aphid predators seeningly have little inpact upon the

huge increase in aphi-d numbers which occur each autumn. Hotrever, the

results of a predator-exclusion study (Chapter 4, Section 4.3) showed

that the henerobiicl predator, M. tasmqniae did nuch to suppress the rate 
I

of increase of M. persieae in spring and early sulnmer before other

predators such as coccinellids, chrysopids and syrphids becane active

later on. And.in the absence of M. tasmaniae, peak nurnbers of M. pe?síeae

were 2.5 - 900 ti¡nes as high as in natural populations. Hence, M. tasmætiae

has been suggested (Chapter 8) as a biological control agent to contlol

M. pensieae ín autrnnn.

Overseas, the henorobiids have been shown to have great Potential

for biological control and have been suggested for controlling early season

aphid infestations when prey numbers are stil1 low (Neuenschwandet, 1975;

Syrett and Penman, 1981; Hagen and Neuenschwander, 1980). Sinilarly,

M. tq.smaniae has nany advantages as a biological control agent for

M. persicae, namely:

(a) the larvae have high probability of capture of prey and are

probably more efficient at lotv prey density than are most

other j-nsect predators (Hagen and Neuenschwander, 1980;

MaeJ.zer, 1981; Syrett and Penman, 1981).
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(b)

(c)

(d)

(e)

(f)

(e)

(h)

eggs and larvae have lower thermal threshold for

development than either M. pet'sieae or other predators;

the adult females are phytozetic i.e. the plant is of

paramount stimulus in seeking aphids (Chandler, 1968);

the adult females mate and oviposit readily in the

laboratory and have a rerlatively high mean fecundity

(220-300 eggs).

it has no diapause in winter (lvlilne, 1978);

adults can be kept alive easily and are long lived;

it seeningly has no significant natural enemies;

the species is abundant in nature throughout Southern

Australia at least.

Mass releases of M. tasmøtiae eggs for controlling aphids in New

ZeaLand was suggested by Hilson (1964) but he made no attenpt to inplenent

the proposal in the field. In U.S.A., Shands et aL. (L972a) and Sha¡rds

and Sinpson (I972c) have conducted pilot spraying tests of eggs of the

coccinelli.ds CoccineLLa septernpunctata L. and C. tt'øtsuensogutata

Faldermann, and found that early-season applications were best but that

none of the treatments gave satisfactory control of the aphids. On the

other hand, Ridgway and Jones (1968) have demonstTated excellent control

of the bollworm and HelíothLs on cotton in Texas, U.S.A. by mass releases

of the green lacewing CLwysopa eaa,neq. Stephens. These releases reduced

bollworm larvae by 96% and resulted in a 3-fo1d increase in yield of seed

cotton.

In this thesis I have described preliminary spraying tests (Chapter 8)

to nass release eggs of M. tasnnaniae for the possible control of potato
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aphids, nainly M. persicae in autrnnn.

(B) The problem of seed potatoes

Potato growers in South Australia can grow seed potatoes with litt1e

difficulty in spring and early surnmer in most parts of South Australia

because M. persicae is then in very lol nunbers (Chapter 4). However,

such seed potatoes would need to be stored for 8-7 months before being

planted in the following spring; and considerable problerns arise if

potatoes are stored for so 1ong, e.g. (i) seed rotting and (ii) increase

in cost of production.

Growers are most anxious, therefore, to gror{ crops for.seed which

can be harvested in winter and stored for a nininal time at the relatively

lo$t tenperatures of late winter before being used for planting in spring

and early sunmer. But such crops are most susceptible to danage by

M. persieae and leaf ro11 virus because aphid numbers are highest in

autrmn each year (Chapter 4). Flence, the need to control M. pet,sieae

in autumn, and the attenpt to do so by augmenting numbers of M. tasmanide.

(C) Augnentation of predator numbers

The problems that inhibit the nore frequent use of mass releases of

natural enemies for pest control are econonic rather than ecological

(Stinner, 1977). Largely for such reasons, augnentation of natural

enemy numbers (by means of periodic releases should in general be given the

lowest priority in biological control endeavours ancl not' resorted until

it has been detennined that the solution does not 1ie in foreign exploration

and inportation of new natural enenlies or conservation of natural enemies
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(De Bach, I974). Furthermore, augmentation atterpts should usually be

restricted to those natural enemies which have been demonstrated by

research, such as in this thesis, to be inherently effective in prey

suppression but are prevented fron doing so (i,b¿.d) .

The strategy behind the periodic releases of lul. tasmaniae is to

control M. persi'eae and prevent the introduction and spread of the potato

leaf ro11 virus infection. The primary objective is to suppTess as

early as possible the aphid colonies established by the first few adult

alate aphids which usually migrate into the crop at the beginning of the

najor flight period í.e., betleen late Febrtrary and early lr{arch. During

this period, the 1eve1 of infestation of aphíds on potato plants is 1ow

and the use of insecticides for vector control to prevent rapid increase

in aphid numbers has often found to be ineffective and uneconomical

(Bacon et aL., 1976; Powe11 and Mondor, 1973). Unfortunately aphid

enemies are generally too few early in the season (probably with the

exception of M, tasmaTtíae) and act too late to provide economically

acceptable control once the vinrs vectors are present on the crop

(Mackauer and Way, 1976). 
, 
The release of M.tasrnqr¿íae a few days prior to

the predicted tine of alate nigration into the crop would be nost desirable

because of the favourable qualitíes of M. tasmaniae mentioned earlier. As

such, the tining of release of predators in relation to the time of late

sulnmer migration of alate aphids appeared t-o be the crucial factor in

determining the success of early suppression of the subsequent aphicl

populations.
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(D) The difficulties of timing of releases

In this, study, the time of alate rnigration varied consiclerably

between localities (Milang and l{aite Institute) and to a lesser extent

between years for each locality (Chapter 4). Variations in the weather

patterns,species of host plants and the complexity of the phenologies of

the predators and prey species are some of the factors which will have

a marked influence in the correct ti.ming of predator releases.

Correct timing between alate migration and predator releases depends

very nuch on the ability to precisely predict the tine of alate migration.

Perhaps, in order to inprove the precision of trap data catches of alate

M. persicae, data needs to be collected over several years (rather than

the two yea.rs of this study).

(E) rhe blems of mass ion of M. tasmaniae

After sufficient data have been collected to enable us to predict

the tine of alate migration, the feasibility of mass production of eggs of

M. tasmætiae needs serious consideration. The method of producing eggs

in this study was only capable oi producing snal1 batches of eggs for

usage in snall plot trials, but the scale of egg production can, undoubtedly,

be expanded given the required space, labour and equipment. To produce

eggs in more or less a factory basis, a systenatic and efficient production

systen rvith the necessary subdivision of activities is vita1. Such a

production system is presented diagranmatically in Fig.ure 41, which shows

a sirnple flow of activities at the various stages of rearing procedures

to ensure a smooth running rf'the production system,



Fig. 41.. A schematic diagram to lepresent the divisions of

activities and stages involved in the mass-production

of InI. tasmaniae eggs for field releases'
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Itlhen in operation the proposed system is expected to produce large

numbers of eggs ready for storage and field releases.

(F) Getting the eggs to the site of action

Once a suitable nethod of producing eggs has been fouñd, the eggs

have to be delivered to the plants with nininal 1oss. In this study, eggs

were suciessfully sprayed using a specially clesigned compressed air

sprayer for even distribution. The splaying rnethod of distributing the

eggs hold pronise for it to be adapted and upgraded to a more nechanised

assembly and be mounted on to a tractor or an aircraft for spraying in

large fields.

If the nass production and the distribution problems can be solved,

the spraying of eggs of M. tasmaníae may have a great potential for use in

conunercial plantings .

(G) Other possible nethods of control

(i) The irnportation of parasites

0n1y one species of parasite (DLaenetieLLa rapae) was recorded

parasitizing M. pensícae and rvas absent at lvfilang (1.979-80) and

was in relatively 1or^r numbers at Milang (1978 -7g). Ilowever, the

abortive preclto.-exclusion experiment (Section 4.3, Experinent I)

indicated that the species had some effect in suppressing aphid

numbers. D. rapae is also knoln as a prasite of the cabbage aphid

Breuicoryne brassieae, and it has been shown by Ffughes and Gilbert

(f96S) to also have little influence on the numbers of that aphid

species.
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other more speciarized parasites of. M. pez,sieaeare available

overseas, and it may be arranged that despite the potential of

M. tasmøtiae for pest control, the introduction of new parasite

species into south Australia and if necessa4r mass releases of one

of then, rnay offer a quicker, cheaper and easieï path to the control

of M. persicae.

If nery parasites are introduced, should they be specific or

generalized species?. Argurnents in.favour of each kind have often

been advanced for biological control (Ffuffaker et aL,, 19T6).

Because of the difficurty of an introduced species surviving the

Australian summer (Mae1zer, 1981) perhaps a generalized parasite

would offer morg chance of success because it would have a wider

range of refuges to choose frorn in summer.

(ii) Conservation of native predators

Another possible method of controlling M. pexsicae ís by

conservation of native predators which rnay be achieved by

(a) manipulating the environment to favour biotic agents through

plant diversification; (b) provision of alternative prey and shelter

and (c) addition of supplemental food or supplenental host ïesources

(Knipling,1979). These alternative methods of nanipulation of

predator nurnbers for aphid control may be vital if biological control

through periodic mass releases of predators or parasites fails.

One of the ways to rnanipulate the environment to encourage

predators, such as M. taamaníae, to appear earlier in potato crops in



2L4.

sunmer is to provide them wjth alternative food or refrrges near

the crops. For example, in South Aust::alia, M. tasmaniae occuïs

in relatively small numbers in autunn in potato crops because

food is initially scarce, but it nay breed slowly over sunmer ancl

attained suffi.ciently large numbers in late sunmer or ea.rly autumn

on interplanted crops of MeùLcago sp. infested with the blue*green

aphid, Acz,ybLtosipLnn kondoi. Sinilarly, wind breaks or border rows

etc. of CdsuarLna st?Lcta and other trees that harbour natural prey

fot 14. tasmaniae over winter and sumnter nay possibly have a great

j-npact on numbers of potato aphids if such species are planted in

sufficient numbers over wide areas (Maelzer, 1981).

Addition of supplemental foods o:r supplenental host resources

to increase reproduction and survival of M. tasmaniae and other

predators holds promise of enhancing the efficacy of predators. The

addition of lVheast and/or sugar or pollen has been found to increase

the effectiveness of some chrysopid predators in many crops (Hagen

and Ha1e, 19743 Rabb et aL,, L976; Tassan et aL., 1979).

Supplementary feeding of I/. tasmøtiae c.ou1d be profitably experimented

in potato crop in South Australia.

(H) Integrated control of M. pez,sícae in South Australia

Evidence is presented in this thesis that M. persicae is not r¡n

economic probi-em on potatoes in spring - early summer because of the

ab;ndance and efficacy of the predato'r M. tasman¿ae (Chapter 4) and

no additional pest control measuïes are required then. However, the
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predator is less abundant and less effective in the late summer and

autunn and it is then, and particularly in the autumn, that supple-

mental pest control measures must be considered i.e. an integrated

control approach is indicated.

I have determined the reasons why M. tasmøníae is prevented

from exerting effective control of M. persícae, and also considered

ways to augment, complernent or otherwise improve its perforrnance.

Among those factors known to reduce the effectiveness of M. tasmaníae

is the use of insecticides. The types of insecticides used by the

grower involved in thi.s study cover some of the most harnful to

beneficial insects e.g. DDT. Even though there were no reports of

widespread problens resulting from insecticide interference in potato

fields around South Australia, a move towards the integrated control

of potato pests at the earliest possible tine will give a long term

benefit to potato gfolvers in South Australia.

I hereby propose a pra.ctical integr:ated conttol progranure for

potato pests, particulatly lul. pez,sicce, in areas similar to those in

this study. The biological control. component in such a progranme

is a central and inporLant element for reasons of econony, all round

effectiveness and environmelrtal harnlessness. Often enough,

pesticide usage cannot be reduced without a col'responding increase

in the efficiency of ,r"trral control agents. Increased effective-

ness of natural enemies can be brought about by various methods such

as periodic inundative releases of natural enemies. If periodic

releases are not yet possible c.onservatio¡r of natural enemies by

cultural manipulations should be encouraged and integrated lvith current

systems of ínsecticiclal applications.
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Integrated control simply requires the involvement of

conpatible use of appropriate nethods of pest control. Integration

is therefore cnrcially inportant as a means of nininising incidental

harn by chenícals to beneficial natural enernies. Nevertheless, the

definition of integrated control has now been expanded (l{ay, ITTT)

to cover situations where several nethods are used which c1o not

necessarily require conscious integration (¿bLd), For exanrple,

the integr-ated control of spread of potato leaf ro11 virus of potatoes

in South Australia, would involve a c.ombination of timely removal of

overwintering sites of viruliferous rV. persicae, separation of the

seed crop from the non-seed crop, chemical control of aphids over-

wintering in seed crop, intercropping or rotation of lucerne

(Medicago sp.) with potatoes and restricting ínsecticidal application

to emergency situations or to selectively use insecticides (e.g. soil

application of granular insecticides) to conserve naturalJ-y occuring

predators. Each method contributes towards decreasing introduction

or spread of the virus disease in the seed crop and are rnutually

conpatible.

As was mentioned earlier, the agronomic or cultural practices

utilized in growing the crop can also determine why a natural enemy

is prevented from exerting effective control. This point is impoïtant

in relation to the systen of groling potatoes in South Australia and

the success of an integrated control prograÍme to be irnplemented.

At Milang, where potatoes are grown in small blocks of land every

2-3 weeks potato crops can be found almost all year round. So a more

stable environment is available to increase the number of predators

and parasites by the provision of a continuity of prey in successi\¡e
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crops. In other areas (e.g. Adelaide Hi1ls, Virginia) where the

crop is only planted in the spring-sunmeÍ over a very wide area,

the natural enemies may not be able to persist over long periods

in nature. The strategy involved in the integrated control

programrne in the Adelaide Hi1ls will be expected to be different

therefore fron the one proposed for Milang.

Therefore, despite the complexities of the dynarnics of alnost

all pestspecies there -16- usually one, or a few, mortality factors

that are of overriding inportance to any one pest species. In

this study M. tasmaniaewas found to have that overriding importance

to M. persícae especially in the spring. Within the potato fields,

M. tasmaniae cornplements other control measures including insecticides.

Outside the fields, M. tasmaniae rnay reduce the number of invading

migrants developing on overh/intering (Tamaki , 1973), Ðd other weeds

and crop plants (Powell and Wallis, 1974). It is by the manipulation

of such key nortality factors that integrated control becomes

practicable.

Integrated control of M. persieae overseas has been feasible

under certain circurnstances despite the difficulties in understanding

the aphid's popul,ation dynanics (Mackauer and lVay, L976). In fact

a successful integrated pest management prograrnme for M. per.sicae

has been developed with a rnodel which is compatible with a micro-

computer delivery system. This nodel is sufficiently accurate to

forecast M. persieae popuLations as they reach economically danaging

leve1s and it allows control action to be chosen with the following
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objectives: (a) to conserve natural enemies, and (b) to recluce

the total amount of insecticides used (l\rhalon and Snilowitz, 1979).

On the other hand, successful integrated contTol has also been

inplemented by the application of relatively sínple and straight-

forward ecological inforrnation (Close, 1965).

(r) Conclusions

Since pesticides are used mainly to control other najor pests such as

the potato tuber moth, PthorLmae opercuLeLLa" the occurrerrcê of other

pests in the crop will have important bearing on the numbers of M. tasmot¿íae.

The knowledge accumulated in this thesis fonns a snall but inportant

contribution in understanding the role of M. tasmaniq,e ín integrated control

programnes for M. persicae in South Australia. While the nain objectives

of this research were accomplished, some vital areas of research warrant

further investigation. One of the rnore urgent is the adverse effects of

pesticides used to control M. pensieae on the reproduction, survíval and

abundance of M. tasmaníae and other aphidophagous insects. Therefore, in

future one really needs to consider all the pests, the natural enemies and

nay be the diseases in the potato cropping system, and the ecological

interrelationship anong the insect species and the various cultural practices

(insecticidal applications, irrigation, weed and disease control, planting

dates, etc.). Only then can one develop a practical integrated pest

nanagement prograrme for all potato pests in South Australia.
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Appendix Table 1: Analysis of variance of the nunber of
eggs laid by M. tasmaníqe fenales per
day on cloth substrate of four
different colours (Section 3.3.2).

Source dif. s.s m.5 F P

Total 11

Treatment 3

Replicate 2

Error

97 .47 8.87

7.53 2.5L O.32 >. 05

43. 00 21.50 2.7 s >. 05

6 46.94 7.82
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Appendix TabIe 2z Analysis of variance of number of
aphids extracted fron potato leaves
at va.rious tenperature x durations
of exposure (Section 3.4.3)

Source d.f. s.s m.s F P

Total s9 47826.08 810.61

Exposures 4 18504.66 4576.16 16.56 <.01

Temperatures 3 27L20.48 7040.76 25.47 <- 01

Interaction L2 3316.85 276"40 2.L7 <- 05

Error 40 5048. 09 r27 .70
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Appendix Table 3: Total leaf areas 1.121 of caged and
exposed potato plants at the start
of the three experiments (Section 4.3)

Exposed Caged

Expt. P14.nt Plant . Plant Plant-1t7vr Plant Plant
') Y

r 20L.9 163.r 185.1 L82.7al ß2.8 zss.L r84.5 207 .sa

rr t40.4 148.3 1L6.2 L40.0a 111.1 t34.0 127.6 L24.3a

rrr 305.5 770.6 L52.7 2og.6a 323.2 L48.4 116.3 196.04

Within rohrs means followed by the sane let-ter do not differ
significantly at P = .05 by t test (with 4 d.f.).

1
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Appendix TabLe 4-. Total leaf area, (9t2) of c-aged ancl exposed
potato plants at the end of the three
experiments (Section 4.3)

Exposed Caged

Expt Plant
1

Plant
2

Plant
3

Plant
1

Plant
2

Plant
3 xx

a1r 1390,1 1116,6 r}7r.2 LL92.6 L797.4 1593.4 1590.1 1660.36

rr 7L70.6 1103.0 916.2 L063.3a g32.0 1040.4 825.6 g32.74

rrr 1325.3 LO6S.2 964.6 1119.4a 1407.6 1149.1 940.1 1165.64

lWiahin 
ror4rs means followed by the sarne letters do not differ

significantly at p = .05 by t test (with 4 d.f.).
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Appendix Table 5: Table of 3 treatments wítln 2 replicates
each for Experiments 1 and 2 (Section 6.1)

Treatments
(predator-prey ratio)

Experinent Control 1:8 Lz4 Lz2

1I

2

Rep. 1 Rep

Rep. 2 Rep. 2

Rep. 1

Rep. 2

Rep. I Rep. I

Rep. 2 Rep. 2

Rep

Rep

I

2
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Appendix Table 6: Analyses of variances of the nunber of aphids on

16 plants in two tïeatments (wíth predators) and

the control (no predators) for each of days 3,6,
9 and L2 in Experirnent i (Section 6.1)

Source d.f S.S. m.s F P

Day 3

Day 6

Day 9

Day t2

Total
Treatments
Within re-

plic at es
Error

Total
Treatments
lVithin re-

p1icates
Error

Total
Treatments
Within re-

plicates
Error

Total
Treatments
Ivithin re-

plicates
Error

2390.41
1ss.44

183.41
2051.56

2rr2.99
7 32 .52

161.15
L2L9.3L

6151.99
tB36.S2

97 4 .67
334 0.8 1

L2409.99
2t7.77

78L.6s
113s0.só

2s.76
//./z
6i.r4
22.80

22.24
s66.26

5s.72
13.55

64.76
9L8.26

s24.89
37.L2

3.4r

2.68

27,03

3. 96

27.74

8.75

1.10

2.07

9s
2

3
90

95
2

3
90

95
2

3
90

95
2

3
90

05

05

260.55
126.II

<. 01

<. 05

<.01

<.01

>. 05

>. 05

150.63
138.89
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Analyses of variances of the number of aphids on
16 plants in tv/o treatrnents (with predators) and
the control (no predators) for each of days 3,6,
9 and L2 in Experinent 2 (Section 6.1)

Source d.f s.s. m.s F P

Day 3

Day 6

Day 9

Day L2

Tot a1
Treatnrent s
IVithin re-

plicates
Error

Tot a1
Treatnents
Within re-

plicates
Error

Total
Treatrnents
Within re-

plicates
Error

Total
Treatments
Within re-

pl icates
Eror

3707.83
84s. 90

5s2.3r
2329.63

1488s .65
3745.75

3457,50
7652.38

22829.83
5914.1 5

5t7r.Q7
rL744.63

63073.96
23573.s2

177.44
25. B8

1s6.38
1872.88

1152.50
85. 03

240.3r
L9s7.07

7723.69
130. s0

663.94
rt786.7 6

16.34

6. B6

22.03

13. 55

22.66

T3.2L

58 .11

72.s7

0L

01

05
95

39
422

95
?

ó

90

95
2

3
90

95
2

J
90

95
2

3
90

.01

.01

.01

01

.01

.0111664 "56
278 35. 88

5888.19
309.29
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Appendix Table 8:

rll

Analyses of variances of the numbers of aphids
on 16 plants in trrro treatments (rvith predators)
and the control (no preclators) for each of days
3,6,9 and 72 in Experinent 3 (Section 6.2)

Source d. f. S.S. m.s F P

Day 3

Day 6

Day 9

Day L2

Total
Treatnents
Within re-

pl icates
Error

Total
Treatrnents
Itrlithin re-

plicates
Error

Total
Treatments
Within re-

plicates
Error

Tot al
Treatments
Within re-

p1ícates
Error

501 .56
2703.13

t2L23.33
6374.02

6r.44
568 7. 88

49275.24
28775.65

335 "66
20763.94

294635.63
1698 99. 1 9

7815.19
LL694r.25

39.8 9
292.32

167. 19
50. 05

727.6L
3187 .0L

20.48
63.?.0

518.69
14087 .82

111 .89
230.7L

3J,0L.62
84949. s9

2604.40
1 299. 35

s789.33
s84.65

95
2

3
90

95
2

3
90

95
)

3

90

95
2

3
90

z

9.73

5. s7

<.01

<. 01

s0.43

0.32

<.01

>. 05

61 .06 '. 01

0.48 >.05

65" 38

2.00

101

>.05
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Appendix Table 9: Analyses of variances of the nurnbers of aphids
on each of 16 plants in trvo treatments (with
predators) and the control (no predators) for
eaclr of days 3,6,9 and L2, in Experiment 4
(Section 6.2)

Source d.f s.s n. s. F P

Day 3

Day 6

Day 9

Day 12

Total
Treatnents
Within re-

pl icates
Error

Ttotal
Tneatrnents
Within re-

plicates
Error

Total
Treatments
Within re-

plicates
Error

Total
Treatment-s
Within re-

plicates
Error

L2409.99
277 .77

781.6s
11350 " s6

22983.33
8533. 90

sJ.7.44
13938. 00

11s076.65
6rs94.75

1 30.63
153.8 9

260. s5
L26.72

24I.9s
4266.95

77 0 .48
r54.87

L2,7r.35
30797.38

1.06 >.05

2.07 > .05

7 .55

1.10

<. 01

>.05

95
2

J

90

95
2

3
90

95
2

3
90

9s
2

J
90

3448.75
50015.13

33774.L9
25463r.I3

533844.50 s6r9.42
245439.L9 122779,s9

1 149.58
555.92

11258.06
2829.23

5s. 40

2.07

43.38

3. 98

<.01

>. 05

<.01

<.05
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Appendix Table 10: The values of Morisitars index of dispersion for
each replicate of Experiment 1 (Section 6-1)

Treatment (Predator-PreY ratio)
Sanpling

day
Replicate

no ControL 1:8 Lz4

1

?
x

1

?
x

1

?
x

1

?
x

I
?
x

0

J

6

9

0.52
o.52
0.s2

L.27
2,59
1 .93

1.25
L.74
1 .50

L
2
1

24
02
63

0.s2
0.52
0.52

5.2s
2.3L
s.77

0.s2
0.52
0.52

s.64
2.96
4.30

6. 53
8.66
7.60

2.40
4.77
3.56

1

5
3

60
11
2L

62
00
51

54

.94

.J¿

.96

.L4

r.s7
L.37
L.37

2
4
J

2

I
I

2
1

2

55

t2
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Appendix Table trl: The values of Morisitats index of di.spersion for
each replicate of Experiment 2 (Section 6'1)

Treatment (Predator-prey ratio)
Sarnpling

day
Replicate

no. Control Iz4 Lz2

0 1

2
i

I
?
x

1

2

i

0.s2
o.52
0 .52

r.74
2.37
2.06

r.72
2.32

I .68
2.\L
1.90

L.46
1 .85
1 .65

4.26
9.78
7.02

4 .56
0

2.28

3.L3
2.I9
2.66

0
4.L3
2.07

0
5.7 6
2.88

0.52
0.52
0.52

0.52
0.s2
0.s2

5. 33
2.6L
3.97

5.20
4.92
5. 06

I
?
x

3

0
0
0

6

2.02

I
?
x

9

12
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Appendix Table 722 The values of Morisi.tars index of dispersion for
each treatnent of Experiment 3 (Section 6.2)

Treatment (prey distribution)Sanpling
day

Replicate
no.

Control
on each
plant

on every
2nd plant

0

3

1

?
x

1

?
X

I
2
i

0.52
0. 52
0.52

1. 55
1. 55
1. 55

L.79
L.36

0.s2
0.s2
0.52

I.s8

1 .38
r.44
I .41

1.35
I .45
1 .40

I .31
1 .45
r .38

2.08
2.44
2.26

5.89
7.83
5.86

6.23
0

3.L2

4.35
2.29
3.27

1.60
3.43
2.52

3. 0s
4.L3
3.59

0
3.20
1.60

1

2_

x

1

?
x

6

9

t2 0
0
0

I
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Appendix Table 13: Values of Morisitafs index of dispersion for
each treatment of Experinent 4 (Section 6.2)

Treatment (prey distribution)Sampling
day

Replicate
no.

Control
on every
2nd plant

on every
4th plant

6L
61
6L

3
J
3

0.52
0.52
0.52

I
2_

x

0

L.42
1.64
I .53

1 .55
I .55
1. 55

.42

.01

L.67
T.7I
1 .69

I .69
0

0.8s

3.6L
2.98
3.30

3. 84
3.82
3.8 3

I .89
2.49
2.L9

2.49
2.25
2.37

1

?
x

3

72

1

2
1

1

1

I

I
1

I

I
?
x

6

32
.67
99

09
61
35

I
2
1

1

5
3

3L
44
38

62
OB

35

1

?
x

I
?
x

9

L2



Appendix Table 13: No. of aphids on each of 16 plants ín each treatment and the control with two replicates over
I2-day period (Experinent 1, Section 6.1)

ZJ
PLANT

5678 9 10 11 12 13 1.4 15 16 r

óT L2
3

15
153

23
5

28
554

11
0

11
721

4

I4
2

16
200

Day Rep 1

Cqntro.l (no predat_ors)

2

_--_ro-
0

76
256

5 1B

0

18
324

x
2

Xx

9 J/
0

5t
1369

Xx
Ix

4
4
B

32

4
5
9

4I

6
5

11
61

J

1

4
10

2

J
5

23

c
0

0
0'ì

1

0

1

1

1

2

E*.,
¿X

5
0

7
49

5
2

7

29

11
0

1i
T2T

15
1

T6
226

4
11
15

I37

10
1

11
101

B

7
15

113

1,4

3
77

20s

15
6

21,
261

4
74
1B

212

J
73
16

178

J
L7
20

298

66 59
6s6

72 9s
4392 4387

22
42
64

2248

27
27
4B

11 70

33
B

47
r155

34
50
84

3656

72
8

20
208

34
26
60

r832

64
40

104
s696

B

4
12
80

93
zö

L2t
9433

9
1

10
82

1B

2

20
328

52
ó

55
2773

34
11
45

i277

77
L4
31

485

22
63
85

4453

10
52
62

2804

2 7II
04s
2 7s6
4 L442

299
068
2 L67
4 2368

760
480

1240
69692

762
132
294
2 1500

34
B

42
240

5
0

5
25

4
1

5
77

9

0
9

B1

+
0
4
61

5

4
9

47

3
2
5
31

1

2

I
2

1

2

I
2

5'

T7
2

19
293

t0
2

L2
104

15
J

18
2s4

24
5

29
601

2

3

5
73

5

I
6

26

2

15
1

16
226

11
9

20
202

6
L3
85

16
5

27
281

27

4
25

4s7

5

77
22

3r4

3 266
O IT2
3 378
9 7272

I
25
34
067

12

Treatment 1 (Predator-prey ratio 1;8)

3

2

L2
0

L2
r44

118 s4 44 78
6505120

Xx" 724 84 75 98
rx' 13960 381ó 2597 6434

4
2

6
20

1

2
3
5

0
0

0

0

c
0

0
0

0
0
0

0

+
0

+
6

0
0
0
0

2
0

2

4

)
0
2

4

L

0

5
5

25

4
3

7

25

0

0
0
0

2

0

2

0

1

1

1

0
0

0
n

0
0
0
0

0
0

0

0

1

5
6

z6

4
2

6
20

9
0

9

81

0
0

0
0

Xx
X¡

)J¡

x¡ç

N)
(^
N)4

J

7
25

0
0

0
0

1

0

1

1

ó

2



Appendix Table 13 continued/...

Day Rep 1 234567
PLANT
89 1011L2L3741576X

1

2

1

2

Treatment 2 (Predator-prey ratio 1:4)

9

L2

J

6

I

ïi,

1

0
1

1

6
4

10
52

24
J

27
585

ç

2

3
5

L3

9
'o
9

81

15
2

77
229

L3
0

L3
169

036
10
736
L L296

0
2

2

4

7

0
7

491

4
0
4

L6

3
0
J
9

6
I
7

37

5

0
5

25

4
0
4
6

0
9
9

B1

0

0
0
0

0
5

5

25

1

2
3
5

0
0
0

0

0
1

I
1

T4

2

L6
200

747
320

10 67
58 2609

3
0
3
9

0

1

I
1

0

1

1

2

LI4
9

723
2062

x
2

39
B

37
15Bs

0
1B

18
324

3
L4
T7

20s

t7
6

23
325

36
24
60

1872

10
8

1B

764

34
1

35
IlsT

33
1

34
10 90

10
0

10
100

18

4
?)

340

1

15
76

226

405
105
50s

r24
3

727
1538sXx

1

2

1

2

1

2

Xx
Ix

0
4
4

76

0
0
0
0

0
0
0
0

0

0
0
0

2

2
Ix
Xx

1

0
1

2

0

0
0
0

c
0
0

0

0

0
0
0

0

0
0

0

0
0
0
0

0
2

2

4

0
0
0
0

0

1

1

1

0
0
0
0

0

0
0

0

0
0
0
0

0
0
0
0

0

4
4

76

0

1

1

I

7

L0
58

0
6
6

36

4
0

4
16

0
2
')

4

0
8

B

64

1

0
1

2

1

0
1

2

0
0
0
0

1r
0
I
1

0

1

1

1

0
0
0
0

I
0
B

64

B

0
I

64

I
0
I
I

0
0

0
0

0
0
0

0

0
0
0
0

0

0

0
0

0
0

0
0

c
0

0

0

15
42
57

45L

5

27
26

L62

16
23
39

472

51
59

108
7430

0
0
0
0

0

0
0
0

0
0

0
0

0

3

3
9

0
2

2

4

1

9
10
82

N)(^
N)

P

2

0
2

4

1

1

2

2

2

1

3

5

7
1

B

50

1

2

Ix
Xx

2

7
0
7

49

0
5

5
25

0

0
0
0

0
1

1

1

0
77
77

289

+̂
27
3t

74s

t2

Ix
Xx

2

15
0

1s
,)<



Appendix Table 14: lfumber of aphids on each of 16 plants in each treatrnent and the control with two replicates
over 12-ð.ay period (Experiment 2, Section 6.1).

234567
PLANT
B9 101112t3t41s16XDay Rep 1

Control (no Predator s)

3

Xx
Xx

2

6

Xx
Xx

2

I

L2 1

2

Ix
Xx

Treatment I
3

)

Xx
LXL

1

2

29
3

32
8s0

26
4

50
692

24
7

3T
625

44
13
57

2L05

L0
5

15
t2s

59
J

62
3940

59
0

59
34BL

70
B

78
4964

9
4

L3
97

24
0

24
s76

72
3

15
153

5t
3

40
I378

58
0

58
s364

76
0

76
s776

9
15
')L

506

19
L6
35

677

7
16
23

305

7
28
35

833

42
1

43
L76s

56
1

57
3137

72
4

t6
160

16
2

1B

260

t7
3

20
298

0

11
I1

T2L

16
0

16
2s6

5/
2

59
L373

0
L3
1.3

169

1

73
t4

170

0
73
L3

169

4
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Appendix Table 15: Nunber of aphids on each of 16 plants in each treatment and the control with two replicates
over 12-day period (Experiment 3, Section 6.2).
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Appendix Table 16: Number of aphids on each of 16 plants in each treatment and the control with two replícates
over 12-day period (Experinent 4, Section 6.2).
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Appendix Table 16 continued/ ...
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