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STDIMÂRY

The effectiveness of the established parasítoid, TtuLoxg's

conp!.anaLuz, in reducing the growth rate of the spotted alfalfa aphid

(SAA) , ThetvloapluÍ's ÍtuLlo!)i' was apPraised by determining the

relationship between SAA and its natural enemies in a lucerne field at

the Waite Agricultural Research Institute. Studies were also done on

some factors that possíb1y affect the effectiveness of Ttt'Loxg's.

The population study was conducted in a t ha lucerne field

at the tlaite Institute between January 1981 and October 1982. The

results suggest that the SAA was abundant in summer and autunn but was

very scarce in w-inter and was not an econornic problem ín spring. In

experÍnental colonies from which natural enemies were excluded, SAA

grew at the rate (square root of aphids per day) of 1.59 in spring

(November), 1.15 in sunmer (January) and 0.64 ín autunn (May).

Tnioxg'l was not detectable in winter and h¡as very scarce in

spring and it could only be regularly found at the beginning of

nid-summer when the SAA had reached relatively high nunbers. The

numbers of. Trzloxg¿ increased slowly during summer but more rapidly in

April before gradually decreasing as the daily temperature got lower

thereafter.

Other natural enemies that seemed to be Írnportant Ìvere the

native predator s Co ccine-LLa nzpandn and (liuzorut¿ ln¿naninz( hemerobiid )
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and their numbers were usually high in spring. The early build-up in

numbers of these two predators seemingly depended on the nurnbers of

pea aphid , AcgnÍJrc'siphon piaun, and blue green aphid, Acgnfho'siphon

kord.oi, in early spring.

Parasitoid-predator exclusion studies hrere conducted

between spring 1982 and autumn 1983 to deternine the impact of

Tnloxg,t alone, TnLoxg'l plus predators, and ants on the growth rate of

SAA coloníes. The results confÍrned that natural enemies are a major

cause of the scarcity of the SAA in spring. The total reduction ín

the growth rate of SAA that could be attributed to T+Loxgz plus

predators (except ants) was estimated to be 7I7".

Tn-Loxga plus predators (mainly Coeüne-!-!n) appeared to

exert no influence on the SAA population in summer. The hot and dry

climate during this períod of the year probably exerted a more

depressing effect on Tn-Loxg¿ rather than on the SAA. Other factors

possibly affecting Tniox4d effectiveness are discussed; one of these

Ís the direct inpact of competitors i.e. predators and secondary

parasitoids. A direct reduction by predaEors of the nurnber of

ïn-ioxgd occurred because the predators consume sone of the parasitoíds

as parasitízed aphids which otherwise would yield new parasitoid that

would reproduce (Figures 1.1 and L.2). The total reduction in the

number of Tnioxg¿ progeny that can be attributed to predation and

secondary parasitism vras estimated to be 43-567", depending on the

season.



Figure 1.1

A male adult cocúne.lao nz.pancla (g) feeding, on a mummy of T'vLoxg's

conplana.Lu¿ G) which otherwise would yiel-d a nell parasitoid that

would reproduce. Also showing the four nymphal stages of sAA

i.e. lst (a), 2nd (b), 3rd (c), 4th apterae (d) and 4th alatae

nymphal stage (e).

Figure 1.2

Emerging T nioxg't eomPlanaÍt's.





v11

The reason for Lhe poor performance of Cocúne.ua in summer

is not clear. Parasitism by Dinocampu't cocc)nQ-Lla-e and Tplzc¿¿/)chu¿

sp. is assumed to have been responsible'

Predation of SAA by anÈs (In'øirlongntn-e'x sp ' ) was

significant; the total reduction in number of sAA in summer that could

be attributable to predat,ion by ants was estimated Lo be 947". The

ants, however, hrere ineffective in the wet autumn, particularly when

heavy rain fe11.

In the absence of natural enemies, the sAA grew more s1ow1y

in autumn than in either spring or sunmer . Tzioxg't and CocúneL!'a

which r¡/ere conmon during autumn further suppressed the number of SAA'

The estimated reduction of the SAA number that can be attributed to

the impact of Tn-ioxg,s pLts predators during this season was 73%.

These natural enemies, however, exerted no depressing effect on the

sAA number if their appearance v/as delayed until the initial SAA

density became higher. This result suggested that asynchrony between

the appearance of SAA and its natural enemies in early autumn could

have been partly responsible for the relatively high numbers of SAA in

autumn. The results of further experiments supported this hypothesis

and indicated that:

(i) Tn)oxg,s shows an inversely density-dependent behavioural

response, i.e. each female o1 Tn-Loxg¿ tends to parasitize

relatively fewer hosts as the host density increases. The

possiblereasonsforEhisresponsearerliscussed.
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(ii) The proportion of male progeny of Tn-ioxg¿ tends to increase with

host densitY.

Evidence is given thaL the seasonal air temperatures seemed

to affect the interaction between SAA and 7n-Loxg't in Lhe field but it

is not clear exactly how temperature affects the interaction. The

appearant influence of high maximun summer temperatures on both sAA

and Tn-Loxg,t is discussed.

Theuseofaphid-resistantcultivar,grazingmanagement

(Allen 1984) and natural enemies will probably be the main conErol

measures relied upon by livestock preoducers in South Australia'

However, the occurrence of new biotypes of sAA that can thrive on the

present resj-sLanE cultivars are likely to evolve in the future' so

that natural enemies should always be an irnportant component of

integrated control for SAA in South Australia. The possibilities of

augmenting the established natural enemíes are discussed'
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1.1 Economic Importance

In Australia, lucerne (alfalfa)(fled-Lcogo ¿a.t)pa. L.) is

utilized throughout the year wiLh over 80% of the area being grazed

(Lodge eL aL, 1978). Before the spott.ed alfalfa aphid (SAA),

ThznioapLi,s fnllo!ü (Monell) f.. moculaj-a. (Hemiptera, Aphididae)

arrived in 1977, South Australia had an area of about 829,000 ha of

lucerne (Aust. Bur. Stats.) mainly for two purposes: irrigated

lucerne for hay and seed production over 1401000 ha, and ttdrylandtt

(i.e. not, irrigated) lucerne for grazing or livestock production over

6891000 ha, mainly in the upper south east of the state. The dryland

lucerne alone was reported to be responsible for about 50% of the

annual livestock production in South Australia (Allen L982, Snith

1978). All the lucerne grown in South Australia was the cultivar

Hunter River which is thought to have been selected from rrOld

Spanishrf and rr01d FlenÍshrf lucerne (I.D. Kaehne, Department of

Agriculture and Tisheries, Northfield Laboratory, South Australia,

pers. conm.), and Ìras very susceptible to SAA (Lloyd eL o-!-. 1980,

Dunbier øL a¿. 1978, Ridland and Berg 1978b).

The SAA swept very rapidly through the lucerne growing

areas of the eastern States of Australia in L977 carsing much damage

to rfHunter Riverrf lucerne and annual nedics , (le.d)cago spp. (Passlow

1977). Dicovered in South Australia on the Adelaide pl-ains in May

1977, SAA had spread to all South Australian lucerne growing

districts hlithin only 12 nonths (hlilson zL a-¿. 1982). The aphid

caused a reduction of 957" in the areå of grazed lucerne in the upper

south east of South Australía and was the najor contributor to the
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reduction of the stocking rate in the region, from an average of 3

dry sheep equivalents per hectare (hereafter denoted as DSE/ha) in

1977 down to I DSE/ha in 1981 (P.G. Allen pers. comn.). Sinilarly,

Mohr (1978) estimated the losses to agriculture b 1977/1978 from

Ínfestation of exotic lucerne aphids (mainly SAA) in New South lrrales

(NSW) to be 4I% of the annual production. Other authors reported

that in NStrrl in the first 12 nonths of activity of the SAA alone

caused an esti¡nated $29 nillion darnage (e.g. Reilly and Godyn 1979).

The assessment of longer term damage to agriculture is conplicated

and difficult (Mohr 1978).

The type of damage done to lucerne by the SAA is

essentially sinilar to that which has been recorded in the USA

(Davis el øt. 1978, Dickson QL aL. 1955, Raridolph 1957). The aphid

sucks the sap from the plants, at the same time injecting saliva

which may or nay not be phytotoxic to the plant (Diehl and Chatters

1956, Dickson pL aL.1955, Hintz 1964). It also produces a copious

anount of honeydew which is a nedium for the growth of black noulds;

lucerne with heavy deposits of honey dew can not be dehydrated

properly and is very difficult to cut and ba1e. Severely damaged

plants are alnost defoliated and in some cases almost destroyed

(Randolph 1957), and SAA attacks in autumn nay especially kil1

seedllngs. Attack in spring can kil1 mature plants, severely

reducing hay yield and seed production (Brownlee eL a(.. 1979). A1len

(1982) has estinated that in dryland lucerne area of South Australia,

95Z of all nature plants had been kil1ed by SAA since L977.
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1.2 Current l,lethods of Control

Because of the rapidity of the lnvasion of SAA, the high

susceptibility of Hunter River lucerne to SAA, and the scarcity of

natural enemies in the early years after invasion by SAA' mean

densities of SAA greater than 400 per stem h¡ere common (Allen 1982 ,

Forrester 1978) and the only possible ¡neans of controlling SAA was

with insectÍcides. However, the cost/potential benefit ratio for SAA

control in irrigated lucerne farming is much lower, and hence the

willingness of grower Lo use insecticides was quite different for dry

land grazing as opposed to irrigated hay or seed production.

Al1en (1978,1982) studied the impact of SAA on the the

production and persistence of rrHunter Riverrr lucerne in the upper

south east of South Australia and determined an economic threshold

level of 40-60 SAA/lucerne sten. He believed Lhat this low threshold

level was virtually inpossible to naÍntain over the majority of

dryland farm because of the cost of chenical for control of SAA is

relatively high in relation to the low proflt margin from lucerne

gtazing. By contrast, the economic threshold leve1 for seed

production was taken as about 20 aphids per stem (D.4. Maelzer' pers.

cornm.) but the cost/potential benefit ratio in irrigated seed

production is so much lor+er than in dryland farning that ínsecticidal

control 1s profitable (Swincer el a!. 1978, Reily and Godyn 1979).

There are no data for insecticides for controlling SAA in South

Australia since its introduction i¡ L977 but Maelzer ej- al. (1981)

and Bailey Q-L a/. (1982) reported that 31% of the insecticides
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applied to lucerne seed crops in the Keith area in 1980 were applied

for the control of SAA. Appart from being the only neans of

controlling SAA in the early years, insecticides were of course

willingly used by farmers because of their rapid and uniform

effectiveness and ease of application. However, insecticides often

aggravate pest problens in the long term by, for example, lnducing

insecticide resistance or having Loxic side effecLs on non-target

organism (Batra 1982, Hagen and van den Bosch 1968, Huffaker 1970).

Thus the occurrence of resistance by SAA to a wide range of

insecticides in New South l,Iales were reported by Brownlee eL a!..

(L979) just 2 years after the introduction of SAA into the area. The

development of insecticide resistance in such a short period

Índicates the limitation of widescale sprays for long term control,

and clearly the control of SAA by insecticides should only be

regarded as an lnterim measure untÍl other control techniques can be

developed (Passlow L977). Recent reports on the insecticidal control

of SAA in Australia are to be found in Berg and Ridland 1978,1981,

Brownlee eL a,(.. L979, Franzmann and RossiLer 1981, Reilly and Godyn

L979, and hratt 1978.

In the long tern, the use of aphid-resistant lucerne

culLivars will probably be the only reliable control avaílable to

Iívestock producers. Native predat.ors and introduced parasitoids did

not usefully control SAA durÍng periods of peak actÍviÈy of SAA in

dryland lucerne in South Australia (Allen L982). More than 25

different resistanE cultivars of lucerne are now bei.ng re-sown in the

dryland grazLng areas of South Australia (P.G. Al1en pers. comm.).
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The success rate of re-sowÍng has been abouL 5O7. and an estimated

1701000 hectares of former dryland lucerne pasture has been re-sovrn

so far. About 8O7" of this area has,been re-sown to resistant

cultívars and about 2Q% has been re-sown with Hunter River again (T.

Davidson, District Agronomist, Dept. Agric. Keith, South Australia,

pers. comrn.). However, the re-sowing of the former 689'000 hectares

will take several y.ears.

Finally, the development and use of SAA-resistant

cultivars will not solve the SAA problem indefinitely because new

biotypes of SAA that can thrive on the present resistant cultivars

are likely to evolve in the future, as they have done in the USA, so

that there r+il1 be a continuing need for the development of new

resÍstant cultivars (Nielson eL a-!.. 1970, Nielson and Don L974a,

L974b, Berg and Ridland 1981).

1 3 Evaluation of Natural Eneny Bffectivenessa

There are two related problens in the assessmenL of

natural enemy effectiveness. They are (i) measurement of the

beneficial result of colonization of newly imported exotic

parasitoids or predaLors, and (ii) measurement of the degree of

biological control exerEed by already established natural enemies

(DeBach and Huffafer 1971). ' I

DeBach and Bartlett (1964) discuss various neLhods of

evaluation of natural enemy effectiveness. They can be classified as
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(t) quantltative nethods of evaluation r.¡hÍch are based on the

analysis of population data, especially the correlation of population

changes in numbers of both the host and of its natural enenies and

(ii) experinental nethods of evaluation which are based on

comparisons of pest population levels in both the absence and the

presence of Ratural enemies.

Asses?ent using any of the first methods alone is
Å

inadequate for rating the effectiveness natural enernies. Thus Hodek

ei- aA. G972) believed that the weak point of these methods is that

causal relationships are deduced in hindsight frorn a coincidence of

events seen in the sampling data. The numbers of aphids and of their

natural enemies are influenced by nany factors. which usually can not

be controlled, such as heavy rain or high tenperature. Also the

aphids are influenced by changes in the physiological state of the

host plant, suffer from fungal attack, and have their nunbers

dimlnished by the emigration of alatae. Periodic census and 1ífe

table data provide much valuable Ínfornatj.on, but such methods,

including regression techniques, are inadequate for the assessment of

regulatory or controlling poÍrer of natural enemies (DeBach and

Huffaker 197L, Huffaker and Kennet 1969). Those who question the

evaluation of itsuccesstt in biological control programmes nay argue

that even if there is considerable justification for the conclusion

that sucessful biological control has taken place, there is always a

possibility, no maËter how remote, thaL the lowering of population

density of pest aft,er the establishment of the enemyr was only a

coincidence (Debach and Bartlett L964).
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Irlhat is really needed, theref ore, for a convincing

conclusion about the effect of introduced natural enenies is the use

of direct (experirnental) nethods of evaluaLion whereby the effect of

the natural enemy on the density of its host population can be

satisfactorily measured.

L.4 Ttre Scope and Nature of ttre Studies

It is not my objectíve in this thesis to províde an

in-depLh analysis of the biology and ecology of the SÀA and íts

primary parasítoids, TnLoxg,t conp!..ana.ùus (Quilis) f . nncu-La.tn, since

this has been extensively studied by several people elsewhere

(Schlinger and Hall 1959,1961, Force and Messenger 1964a,I964b,

Hughes and Roberts 1978). It is not my intention either to neasure

the beneficial result of colonizaLion of Tn-ioxg¿ coml2.lnnafu¿ ín South

Australia because this has been adequately studied by l.Iilson eL al.

(1982). It is ny purpose, rather' to provide an analysis of the

factors which either promote or limit the predat,ion capacity of

Tnioxga conp!.ano-tu-a, which has recently been considered established

pernanently in South AusEralia (Wilson eL aL. L982). It is hoped

that this study, if combined with other infornat,ion on the biology

and ecology of the SAA and its natural enemies, will indicate why

Tzioxg,s conplarnLu.s and other natural enemies fail to control the SAA

satisfactorily in South AusEralia, and hence will suggest (i)

directions of research for improvernent of their efficiency' and (ii)

provide guidelines for the possible nanipulation of the established

natural enemies.
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2.t Groring lucerne Plant in Pots

The technique of growing lucerne plants in pots has been

described by several people (Finney 8L al, 1960, tr'lilson 2L a.!-' 1982).

At the beginnÍng of this study I tried to use a modification of the

technÍque deécribed by Finney which was employed by the Departnent of

Agrículture and Fisheries Northfield Laboratory South AusÈralia

durl-ng 1977-1980 (VJilson eL a(-, 1982). Soon, however, I found that

growing lucerne by this technique was tine consuning for a small

number of plants because a 4 month minimum period of growth after

seeding must ensue before the plant can be used for Èhe culture of

lnsects. lfhat I needed ltas a nethod of growing lucerne plants in

pots which required a shorter growth period than 4 months, and I

achieved this by transplanting lucerne plants from the field. I'lhen

using this method, however, care must be taken with the selection of

plants to be transplanLed to ensure a homogeneous regrowth. Plant

selection is important if the plants are to be used for experiments.

The method of transplanting is descri-bed below.

A one hectare block of two year o1-d rrHunter Riverrr lucerne

provided a continous supply of plants at any time. However, the best

tlne to transplants l¡as (a) in spring when the ground was soft and

(b) the plants had been mown 2-3 weeks earlier. Each plant was dug

up wtth a pickaxe so as to cut the rnain root aL a depth of about 15

cm below the ground. The plant with soil attached around the root

was lifted carefully with both hands to ensure minimal danage to the

rooting systen. The foliage was cut back to a length of about 5 cn
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to prevent excess evaporation, and the plants vrere returned to the

laboratory imnediately where they were washed in running v¡ater to

remove the soll. The main root was cut with a sharp cutter to a

length of about 10 crn and the snaller rooLs were trimmed with

scissors. 0n1y those plants of an average size were selected for

transplanting. Each was planted in a 5 litre black plastic pot

containing a recycled University of California soil nixture. The

planting raÈe htas 1 plant per pot. A spoonful of slow-release

conpound granule fertilizer ttosmocoterr containing 182 N, 4.87" P and

g.!7" K, was spread onto the pot. The poE was then flooded with rain

water and the plants were allowed to grow in the open under naLural

light and watered with rain water whenever necessary.

The young shoot,s were cut periodically to a height of

about 10 cn. The pruning stirnulated the rosetÈing of plant growth

and caused the plant to produce vigorous, upright stems. During the

warner period of the year, the plants grehr faster and were ready for

use in insect cultures or in experiment,s about two nonths aft,er

transplanting.

To ensure that each planE was free of aphids before being

used in the insect cultures or in experirnents, it was furnigated. The

furnigation took place in the shade in a cage neasuring 200 x 90 cm

(base) x 155 cn (height) and covered with clear plastic sheet. The'

lower surfaces of the cage frane rested on the floor and were lined

wlth 20 mm thick plastic foan to provide a good seal. One ttShelltox

Pest StrÍprr was hung on the wall inside the cage.
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Funigatlon lasted for 24 hours. Each plant was then left in the open

for several hours to ensure that no chemical residue was left in the

foliage. However, examination of the foliage for numnified aphids

was still necessary before the plants could be used because a

Tn-Loxg,t larva or pupa inside an aphid murilny was unlikely to be killed

by the fumigation.

2.2 Cultnre of Tlut¿Loød¿Lt trriþ¿L¿

A sr-ock culture maintained i-n an insectary provided a

continous supply of insects for experimen|s. Such a culture is

especially useful for studies throughout the year for an insect such

as ThetvLoapLi,s bzilo!)L which is scarce in the field during r+inter,

spring, and early summer in South Australía.

The culture was started by introducing se'vera1

field-collected apterous adults of the SAA on a bouquet of excised

lucerne stens Ín the laboratory. The adult aphids were allowed to

produced progeny for 3 days and then removed. The leaves bearing the

SAA nymphs were cut and transferred onto an aphid free potted rrHunter

Ríverrr lucerne plant so as to provide a culture of the aphids Ehat

was free fron disease and parasitism.

The rearing of aphids was based upon a nodiflcation of the

technique described by lrrilson eL a-!., (1982). The aphids were reared

in a cage measuring 45 x 45 cn (base) x 50 cm (height) which had a

front and a top of clear plastic and other sides comprising fine
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voile. The bottorn of the cage fltted over a netal tray and a strl-p

of plastic foan 20 nn thick provided a seal between the cage frame

and the tray. A potted lucerne plant which had been innoculated with

nynphs of SAA as described above was placed inside the cage. The

rearing \./as carried out in a 190 x 180 cm insectary cubicle under

14:10 h lighr.-dark (L-D) photoperiod and at 24-26 oC. Lighting was

provided by a bank of ten 65 watt flourescent tubes set 30 cn above

the top of the cage' plus one 100 watt incandescent bulb. A

hurnidifier $tas set to maintain 45-55% RH.

The foliage was cut as soon as the plants started to

yellow and sone aphids were transferred onto fresh potted plants for

further continous rearÍng. The renainder Ìitere.used for breeding the

parasitoid, Tnloxg's eonplanaLu.s, Fina11y, the used plants were

fl-ooded with water to wash the aphids off and then sprayed wÍth

insecticide trpyrethrumrr to ki1l the remaining aphids before being

used again.

Thls nethod of rearing provlded an anple suply of aphids

for stock and for parasitoid cultures as well as for experiments.

2.3 Culture of Tzinxgs complnnaÍt's

The rearing techníque of Tøioxg's used was based on the

technique ernployed by ltlilson eL aL, (1982). Some nodification,

however, was made for a smaller scale'of rearing.
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The cage for rearing r.¡as the same as that used for rearing

the aphids but the rearíng took place in a growth cabinet measuring

105 x 60 cm (base) x 105 cm (height). The Eemperature of the cabinet

was naintained aL 23-27 oC and the relative hurnidity and photoperíod

were kepr at 45-55i( and 14:10 h L-D respecLively. Artificial lighting

was provided by a bank of eight 40 watt cool white fluorescent tubes

and five 100 watt incandescent bulbs. A built-in fan which provided

a vertical down draught was always kepL on. This air movement helped

to prevent the hunidity getting very high.

The culture was begun by placing one pot of lucerne in the

cage and then innoculating it with seyeral hundreds of SAA obtained

fron the aphid culture. The aphids were transferred onto the plants

on a smal1 piece of paper placed amongst the foliage. The aphids

were allowed to settle down for 24 hours before 5 one-day o1d mated

females of T,zioxg.á were introduced into the cage. Th" Tntoxg's were

obtained from field collected mummies. Honey solution was smeared on

the sides of the cage for supplemenLary food of the adult

parasitoids.

On the eighth day the foliage was cut off, placed in a

tray and dried for 24 hours in the growth cabinet. The foliage was

shaken gently to dislodge the live aphids which were then pooled and

returned to fresh potted plants for continous rearing. The herbage,

with nany nurnníes attached, was placed in an emergence box. Adults

of Tnloxgz usually sÈarted to emerge at day 12 after the initial

Taloxga were introduced. The adults of Ltioxgá were
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removed every day as they emerged and were allowed to mate and fed on

honey solution before being used for contÍnous culture. This rnethod

of rearing provided an adequate number of parasitoids both for stock

culture and experiments. Nunber of parasitoid produced could be

manÍpulated, according to requirement, by providing different numbers

of hosts.

The culture v¡as renewed.several times during the period of

the project. Mummies of Tn-Loxg's were collected from the field in

auturnn (March-Apri1) and adults that energed were put in the sarne

cage as insectary-reared individuals. These augmentations were done

to minímize the loss of fitness (Boller 1972) or genetic decay

(Mackauer 1972) of the species due to continous rearing in an

artificÍal environment.

2.4 Preparation of stem cutting for

laboratory experiment

, One day before the start of an experiment (see sections

6.2 and 6.3) lucerne stems were obtained either from the field or

fron potted plants. The stems of 2-3 week o1d regrowth are desirable

because they are quite hard and so1id. Each stem was cut with a

sharp surgical blade at its base and then the cut surface vtas

irunediately dipped into water in a S-liter plastic bucket. Then in

the l-aboratory each sten v¡as cut again under water w'ith a sharp

surgical blade to nininize the occurrence of air bubbles which nay

have an effect on r{¡ater imbibition by the excised stem. The leaves
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along 7 cm of the lower part of the sten were cut at the base of the

petl-ole whereas the top part of the sten was cut to provive a sten

length of about 15 to 20 cn depending on the experJ-mental cage usetl

(Figures 2.1 and 2.4). The foliage was examined for the presence of

live or numnifÍed aphids and any that were found were brushed off or

destroyed.



Figure 2.

Types of experimenÈal cages used in laboratory studies:
(1) Cage for experiments V and VI, measuring 25 x 25 cm

40 crn (height). In each cage there were 9 freshly
stems placed in a 3 x 3 grid of 3-cm diameter holes

floor of the cage;

(2) A typical excised lucerne sten used for experiments

VI;
(3) and (4) cages used in experiments VIII and TX.
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V and
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3.1 Introduction

To evaluate the inpact of natural enenies, DeBach eL aL,

(L976) suggest that population levels of both prey and natural

enemies must be measured over a number of generations and on some

conmon basis; and that ínformation is further needed on the

functj-ona1 and numerical response of the enemÍes, on the degree of

population fluctuations, on the economically acceptable leve1 of the

pest, on the capacity of the natural enemies to contain the pesL

population, and on the inpact of other mortality factors. Tttis

chapter deals only with the seasonal abundance of SAA and its natural

enemies in South Australia. The information about the interaction of

the aphid and its natural enemies is given in Chapters 4 and 5.

Tt¡e seasonal fluctuation of both the sAA and its natural

enemies has been extensively observed elsewhere by nany people (van

den Bosch eL a-(., 1959, Neuenschwander 2L 0L, L975, hlilson QL a-t,

1982), but detailed information ÌIas required on the "ir" .nd

fluctuation of local populations of SAA and the natural enemy conplex

under the conditions of this study. Such data are inportant not only

for helping to evaluate the role of natural enenies but also for

proper planning of future experinents Lo measure the degree of

control exerted by natural enemies on the SAA population.

3.2 Methods

3.2.L Study site and clinatological data

Population data were obtained from a periodic field census

of aphids and natural enernies which was conducted on a t ha lucerne



16

field at the Waite Agricul-tural research Institute, Adelaide, over a

two year period. The field was first sovtn on 26th May (autumn) 1980

with 30 kg of rrHunter Riverrr lucerne seed per hectare plus 125 kg of

92 Phosphate fertilizer. The plants were first irrigated on 28

Novenber, 1980 and the crop v/as mown on 4 December, 1980 and shut off

to produce a seed crop. The first 10 samples of insects were

consequently taken fron this first year seed crop (rather than a hay

crop) in the period 8 January - 17 March 1981 (Table Appendix 2.L).

Then the crop was mown again on 18 March and from t.hen on, for the

rest of 1981 and the whole of L982 it was treated as a hay crop.

For this laÈter purpose the lucerne was lightly movrn at approximately

regular intervals and grazed only when necessary for weed control.

The nowing Ìrras always ¿on" of 2 haLf-field stríps with an interval of

1-2 weeks between the cutÈing of the first strip and the cutting of

the second strip. This strip mowing was adopted to allow the aphids

and their natural enemies to persist in the field. -

Adelaide lies within a broad region of South Australia

whose clirnate is sinilar to that of Mediterranean countrÍes, the cape

region of South Africa, Chilie and California (Trumble L948, I,rrebber

eL oL, L976) u':ith 7.3 months rreffective rainfallrr and 17% of drought

frequency (Trumble 1948); summers are hot and dry while winters are

cool and wet. The rreffective rainfallrt is defined as the period of

rainfall which exceeds one third of the evaporation from a 36-inch

standard evaporimeter, and percentage drought frequency is defined as

the nunber of years in a hundred in which the season of continously

effective rainfall is less than five nonths (Trunble 1948).
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Clinatlc data were obtained from a meteorological station

at the l^lalte Institute which was about l km from the study field.

These data are presented ín Table 1. These data show that the nean

daily air temperatures (1925-1981) for the hottest month (January)

and for the coldest. month (July) vary between 16.4 oclmin.)-27.9

oClrna*.) and. beËween 7.8 oC(nin.)-14.2 oC(max.) respectively; and the

nean monthly relative humidity at 9.00 a.m. varies between 49.07" in

January and 75.8% Ín July.

The mean annual precipitation (1925-f981) is 626.4 mms.

The seasonal rains usually start in April (autumn) and concluded in

0ctober (spring) and nost of the rain falls during June-August

(winter)(see Table 1).

In South Australia, lucerne is sown in autumn (April-May)

and in spring (September-0ctober). Sowing in April-May is generally

preferred (lJalker 1959) because ptuni" will have grovrn more by summer

and will enter the dry perÍod in summer with deeper roots than those

plants sov¡n in spring and therefore have a higher chance to survive.

The nain factor restricting the growth of pasture plant

during summer is lack of moisture because during these months

eveporation exceeded rainfall (Table 1). After the top soil has

dried, growth can only continue if the root systen is capable of

exploiting subsoil noisture. Deep-rooted perenials such as lucerne

and phalaris are usually tolerant to drought.
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Table 1.

hurnidity

nean air
Research

the I,IARI

Mean monthLy rainfall, evaporaLlon, relative
(9.00 a.m.) and average daily maximum, minimum and

temperaLures (1925-1981) at the \^Iaite Agricultural
Institute (I{IARI). These data were obtained from

Biennial Report, 1980-1981.

Month

Rainfall
(mn)

Evaporation
(rm)

A Class Pan

Relative
Humidity

0900 hrs.

Average Daily AÍr
temperatur"" (oC)

Max. Min. Mean

January

February

March

April
l{ay

June

July
August

September

0ctober

Novenber

Decenber

23.8

26.6

2r.8
55.0

79.O

74.8

86.2

73.4

62.5

54.7

38.7

29.9

236.4

201.5

L70.4

107.5

64.9

46.3

.48.7

65.6

95.0

140.9

175.0

2L2.O

49.0

52.4

53.7

60.8

6g.g

74.2

75.8

7L.7

64.4

59.9

54.2

50.9

27.9

27.6

25.5

2L.5

17.8

15.1

L4.2

L7.L

L7.6

20.3

23.3

25.8

16.4

16.5

15.3

12.9

10.7

8.6

7.8

8.1

9.4

10.9

12.8

L4.7

22.L

22.0

20.4

L7.3

L4.2

11.9

11.0

11.7

13.5

15.6

18.0

20.2



19

There rìras an extensive drought during the period of this

study (Figure 3). The l-ucerne h'as, therefore, vatered for 6 hours

for each of 7 nights after mowing in summer.

3.2.2 Sanpling Techniques

The terninology of sampling that will be used is that of

Cochran (1963) . At approximately seven-day intervals, a sanple was

taken to estinate: (i) the mean number of live aphids on the planLs

[see (1) below], (ii) the nean number of predators [see (2) below].

At certain other times during the aphid season different

samples were also taken to estimate : (iii) the aerial population of

the aphids [see (3) below], (iv) the mean number of immature stage of

parasitoids on plants [see (4a) below], (v) the nean number of adult

parasitoids on plants [see (4b) be1ow, and (vi) the nean nurnber of

active adult parasitoids wíthin the field Isee (4c) below]. Samples

were not Laken on days when rain fell or when the field was being

moÌ¡n or gtazed.

(1) Nr¡mber of Aphids on Plants

From January (suruner) 1981 to October (spring) L982,

sarnples were taken to estimate the mean numbers of aphids on plants.

The sten sampling method described by l{alden eL a/., (1978) was

employed for use in this study. The relative precision and

efficiency of this sanple to the standard suction sanple was 0.98



Figure 3.

I,leather data of the study site - showing the mean daily maximum

and rninimum air temperatut" (oC), total monthly rainfall (nm) and

evaporation (run) for 19Bl - L982. '
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and 85-88% respectively. Each sample conprised 30 randomly selected

lucerne stems. To ninirnize aphÍds dropping frorn a stem that was

sampled, each stem was sampled very carefully by cutting it off at
base with sharp knife and puttÍng it Ímmediately into a 30 x 20 cn

thick clear plastic bag. No stems h'ere ever taken frorn a 5 m zone

which was maintained around the f ield t,o reduce the edge effect,s.

Each sample was returned to the laboratory where aphids

and mummies !üere rêr:ovêd by washing each stem and bag in water at
about 70 oc. The water was then filtered through a series of gauzes

of different mesh sizes. The coarse gavze separated the aphids fron
the debris and the fine gauze was fine enough to retaÍn the first
lnstar of SAA.

The aphlds on the gauzes were then washed onto a counting

tray narked with a grid, and the aphids fron each sample stem were

counted under a binocular microscope. rf the number of aphids on a

sanple stem was greater than 500, a subsarnple was taken to reduce the

time spent in counting. To take a subsanple, all the aphids in a

sample h¡ere spread out over a 7 cm petri dish ín a minimum of

alcohol. The disk was narked off Ín g equal sections. The aphids

were then well stirred to get a distributÍon as even as possible over

the petridish. Two sections of the dish were then cho.sen at random

and the number of aphids in the resulting one quarter area of the

dish was counted under a bínocular microscope. Thls nurnber was then

nultiplied by 4 to estinate the total nunber of aphids on the sanple

stem.
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(2) Nunber of predators

At every sampling day the relalive numbers of predators

were estimated by taking a sample of 100 sweeps of a sweep net across

half (0.5 ha) of the study field. The net had a diameter of 37.5 cn

and each sweèp was standardized as far as possible to sweep

approximately 1.5 m of rrroultr of plants, always with Lhe same type of

sweeping action.

In þractice, the 0.5 ha field was divided inLo 50 rrplotsfr

of 100 .2 each. Ten of these plots were randomly chosen for sampling

and in each one of them a subsample of 10 sweeps was taken and the

resulting insects were inverted into a 45 x 30 cm clear plastic bag.

In the laboratory the insects in the bag were then washed out wíth

70oC water and rinsed through several sieves of decreasing rnesh size

to separate predators from the debris. The numbers of each species

of predator were recorded for both young and adult stages.

(3) Nunber of Alate Aphids

From 15 August (winter) 1981 to 16 April (autumn) 1982,

the aerial population of aphids was monitored by trapping them in 5

ye11ow water traps whÍch were placed at permanent si-tes across the

study field. Each trap hras sinilar to that of Berg and Ridland

(1978). It was held 80 cm above the ground in a metal ring which was

attached to a steel post as in Figure 4.3.



Figure 4.

Types of traps used in this study:
(1) an electric suction trap (after Laughlin, eE al 1978) for

monitoring the field population of adult parasítoids;
(2) a ttdark traptr measuring of 50 x 50 cn (base) x 75 cm (height)

for rnonitoring the field population of adult parasitoids;
(3) a typical yellow water trap for trapping alate aphids;

(4) D-vac suction sampler used in experiment IV.



1

F ig.4



22

Ttre traps were serviced weekly. The caught insects were

filtered through fine gauze naterial and the trap was cleaned and

refilled with water plus a few drops of detergent to prevent fungal

growth on the catches. The numbers of aphids and relevant insect

species h'ere recorded in the laboratory.

(4) Nunber of Prlmary and Secondary Parasitoids

ou Plants

tte occuíÉnce of parasitoids on the plants is usually
h

recorded as the percentage parasitization calculated as ratio of

murunÍfied aphids to live adult aphids in a sarnple (Hodek al a-t,

1972). According to van Emden (1963) this method involves the false

assunption that adult aphids and munnies have equal persistence on

plants.

More sensitive sampling methods for parasitoids involve

the dissection of a certain number of aphids, or rearing aphids fron

the field on host plants in the laboratory and observing the number

of aphids numnified. However such nethods may not be accurate for

estlmating the number of searching adult parasitoids on the plants.

Most of the parasitoids of the SAA belong to the Order

Hynenoptera. Their adult stage ís highly mobile. A suction sampler

or the rrquick traprr of Turnbull and Nicholas (1966) are both ideal

for collecting mobile insect parasitoids. 0n the other hand, form of

leaf and stem sampling lnvolves the risk of the adult parasitoÍds
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being dlsturbed and escaplng.

. In this study, three nethods of parasitoid population

sampling were employed to estimate (i) number of inmature stage of

parasitoids (in living or ln mummified aphids) [see (4a) below], (ii)

number of adult parasitoid on plants [see (4b) below], and (iii)

number of active adult parasitoids within the crop [see (4c) below].

(4a) Nunber of Tmmature Stage of Parasitoids

The number of parasitized aphids which may either contain

prinary or secondary parasltoid species was estimated by sarnpling 30

stems taken at randorn adjacent Èo that of stems sampled for the aphid

count [see 3.2.2 (L) above]. A separate sample was necessary because

the method used to get the aphids off the stems for the aphids count

is lethal to developing parasitoids.

Each sten sample was bulked into 3 groups of 10 stems each.

Each group of stem was placed in a 5 litre plastic container whose

top was covered with fÍne nylon gaûze. The sample was then returned

to the laboratory where all the aphids on the group of stems were

transferred and reared on potted rfHunter Riverrt lucerne plants

growÍng on a 3-1itre pot for 6 days. If the number of aphids was

high they were divided into two or three subgroups and each of the

subgroup was then reared separately on a 3-litre potted lucerne

plant. It was expected that by day 6 the parasitized aphids on the

sanple were munmifted. Any predator, parasitoid, and secondary
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parasl-toid whlch may have been present l-n the sanple was removed

before putting the rearing Itunittt into a nylon cage. The rearing

took place under 14:10 h L-D photoperiod, at 22-24 oC and at 40-602"

RH. Any parasitoid or secondary parasitoid which emerged before day

6 was caught in an aspirator and sexed. The nunber of each species

which so emerged r+ere recorded daily.

The sterns and leaves bearing mummies were then transferred

into plastÍc emergerce box for a further 3-week observation period.

Mumnies that did not energed were dissected to see whether they

contained primary or secondary parasÍtoid species. The larva of

Tzioxg's and of secondary parasitoids that died durÍng rearing were

not recorded.

(4b) Number of Adult Parasitoid on Plants

From 13 October (spring) 1981 to 16 April (auÈunn) L982,

the number of adult parasÍ-toids and secondary parasitoids on the

plants were estimated by trappÍng them with a trdark cagett Èrap as

depicted in Figure 4.2. This trap had the sane principle as that of

the rrquÍ-ck traptt of Turnbull and Nocholls (1966). A preliminary test

has been done to measure the tenperature inside the cage during the

flrst 2 hours of trapping. The result indicated that there was no

obvious dífferent between mean temperature inside the cage and that

of outside. The trap was quickly placed over lucerne plants selected

randornly. Any gap between the base of the trap and the ground was

covered by sand bags to prevent trapped insects escaping. A 200 m1

clear plastic container with a rrlidtt made of fine gauze was placed
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over the 3.5 cm ttescape holerr at the top of the rnain portion of the

trap. The container was removed after 2 hours trapping and returned

to the laboratory. The caught insects were paralized by C02 and

killed in 7OZ alcohol, and their numbers were recorded according to

the species and sexed. Three traps were employed across the study

field and they were cleaned before being used especially from webs of

spider.

( c) Number of Active .Adult Parasitoids

rithín Field

From 13 October (spring) 1981 to 16 April (aurumn) L982,

the within-field dispersal of primary and secondary parasitoids was

nonLtored wíth three electric suction traps whj.ch were placed at

permanent sites across Èhe study field. Each trap was hung 40 cm

above the ground on a steel post as shorm in Figure 4.1. The trap

was desÍgned by Laughlin et al. (1978) originally for trapping

nosquitoes. For the purpose of this study some modifications were

nade such as (i) the source of light was removed as this nay attract

sone insects to the trap, (ii) the coarse net was replaced with a

fine one, and (iii) the traps were run during day light only, from

6.00 a.m. to 6.00 p.n., because the primary as well as the secondary

parasitoids of the SAA are diurnal speci-es.

A plastic botLle, 5 cn díaneter and 10 cn deep, v¡as tied on

the bottom of the net so the insects trapped would fall into the

bottle. The bottle had th'o gauze covered 1 cn diameter overflow
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holes 7 cm above its base. The traps were serviced weekly. the

bottle was removed and replaced with a clean one, filled with water

plus few drops of detergent to prevent fungal growth on the caught

insects. The nunber of prirnary and secondary parasitoids and other

relevant insects trapped v¡ere recorded in Èhe laboratory according to

the species. The sexes of the parasitoids were also recorded.
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3.3 Results and Discussion

In each of the subsequent sections I will first discuss

the species involved and their relative abundance in the sample. The

general evaluation of the aphid-natural enemy interactions which are

based on these clata will be discussed separately in Chapter 4. The

parasitoids, secondary parasitoids, predaLors and the aphids observed

on lucerne in Lhe study field are listed in Appendix Table 1. Their

numbers, especially of those associated with the SAA are presented in

Appendix Table 2.

3.3.1 Ttre Host Aphid and Natural Eneny Abundance

(1) The aphids on plants

There were 3 species of aphids observed, namely, the

spoLted alfalfa aphid (SAA) ThezioapLiz fn-ilo!.ü f . nncula.tnr the

blue green aphid (BGA) Acgnl.hodiplrcn koncloi Shínji and the pea aphid

(PA) 4, p)¿¿tm (Harris). Their fluctuation in abundance throughout

the study period is shown in Figure 5, in which the numbers of SAA

and of (BGA+PA) per 30 stems are plotted against time of the year.

0n1y the phenology of the SAA wÍ1l be discussed in this section.

The mean number of SAA on I January 1981 when the study

started was 34 aphids per sLem. It reached a peak in March (213 SAA

per stem)and again in April (413 SAA per sLem) and decreased rapidly

as the temperaEure got cooler thereafter. The plants were grazed on

9 June and no sample was taken until 10 July (winter) 1981. The

numbers of SAA vrere very scarce and could not be detected in stem



Figure 5.

Seasonal abundance of the SAA (solid cirle) and BGA+PA (open

cÍrcle) in a lucerne field at the lrlaite Institute during

1981-1982. The arror.rs mark the times at which the 1ucérne rn¡as

mown.
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Figure 6.

Seasonal abundance of Tnioxg,s conplanafu's (solid circle) and its
parasitoids (open circle) z Pachgnzunon, Dendtzocetzu¿t

Phaenog!.gpltLt and A-U.ox.i¿t¡¿ in a lucerne field at the hlaite

Agriculture Research Institute during I982-L982. The'arrows

mark the times at which the lucerne Ìras mown.
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Figure 7.

Seasonal- abundance of predators'. Cocc)ne-!-!¡t nz.pandn (solid
circle) a;nd l\ic-nomu¿ fui-tnanine (open circle) in a lucerne field
at the hlaite Agricultural Research Institute during 1981-1982.

The arrows mark the times at which the lucerne v/as mown.



cut
t

s pf r n I

(ui
J

rintei

19 81

sunmel

cut

F no sampte làken el

autuDn I

._. q Î_elgjg
ro ! r-S-! i-Sil-e-e.

400

300

0

ø2m
o
o
oÌ
Ø

100oo

!
@

a

- 400o

ó
E
o

cL 300

o

. 200

û
o
E
t ,l00
z,

Nov 1981Juty Aug SePt Ocl

Juty Aug

Jon Feb Mor Apr Moy June

Apr Moy

Fig.7

0

sprrn9r ¡nler

1982

cut
¿

summel

t

c ul

cul

ðutumn
q reDond q

{.tosmon¡qe

a-a

o<

Sept Oct 1982JuneMorFebDec'81 Jon



28

sanpl-es until the middle of October (spring) when they fluctuated at

low densities until the second week of December. Then the SAA

numbers increased rapidly, reaching a peak of about 200 aphids per

stem in the niddle of January (surnmer) L982. The plants \^¡ere mown at

the end of January but then the plants grew very slowly even though

they were watered for 6 hours every night during the first week after

nowing. The next sample was taken on 23 February and very few aphids

were recorded. The autunn population then grew rapidly and reached a

peak (53 SAA per stem) in April just before the plants \'{ere movÍn on

23 April 1982. Thereafter the numbers of SAA decreased, but a small

peak (7 sAA per stem) occurred in May before the aphids gradually

disappeared in winter again.

In general, the sAA numbers in January (sumner) 1982 were

approxirnately double those of summer 1981 but the autumn (April-May)

1982 numbers were much lower than those of autumn 1981.

The spring (September-october) population in 1982 started

to develop at Lhe beginning of October, about 2 r'reeks earlier than

the 1981 popul-ations. Very 1ow numbers were observed. Their nunber

increased to average I SAA per stem before the plants were cut at the

end of October.

(2) The abundance of alates

The 1og numbers of winged aphids per trap and the 1og

numbers of aphids per stem during the trapping period are plotted
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against time of the year in Figure 8. The first alate aphid of SÂA

trapped was ín the middle of Novernber 1981 which Ì{as about 3 weeks

after the presence of SAA nymphs $Ias detected in the stem samples

(Figures 5 and 8). This indicates that the alates trapped were

unlikely to be new emigrants. The next alate was caught at the end

of December 4 weeks after the plants being cut. Number of SAA on the

plants at that time was 19 aphids/stem. The trapped alates reached

a peak in the middle of January 1982 which appeared to coincide with

the peak of the SAA population on the plants. In March and April

Lg82, the numbers of alates trapped were much lower cornpared to that

of January L982, presumably because either the aphids were less

crowded or the host plants were in better condition than in the

period previouslY mentioned.

(3) Tt¡e prÍnary parasitoids

(3a) The abundance of sPecies.

Three imported species of prímary parasitoids of the SAA

narnely Tn-ioxg,s conp!.anoltt't ¡ Pnaon e-x¿o!.el.am (Nees.), and Aphz-üntu

a'sgehi's l'/alker were released in South Australia against the SAA

(Woolcock 1978). At the tine of the study Tzioxg's was the only .

parasitoid which had established (l,lilson zL a-t,L982) and it was the

only parasitoíd found attacking the SAA in the study field. Its

identification was confirmed by Dr. Mary Carver, Dívision of

Entonology, CSIRO Canberra.



l5gure 8.

Number of alates of SAA (open circle) trapped in the yellow water

traps and number of aphids per stem (solid cirle) at Èimes of
sampling during October 1981 to April 1982. Data shown in 1og

scale.
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The mean numbers or. Tzioxg¿ per 30 stems are plotted

against tíme of the year in Figure 6. The number of 7'vLoxA'5 ín the

first week of January 1981 was about 42 parasitoids per 30 stems. It

increased s1ow1y, reached the peaks in February and March and again

in April (149 parasitoids per 30 stems) before gradually decreasing

thereafter, apparently in relation t.o the decline of the SAA.

Tn-Loxg,S adults hrere occasionally caught in sweepnet samples in winter

(June-August) and spring (September-Novenber) but parasitized SAA

were never found in the stem samples during these tines.

The summer I98f/L982 population started to.develop at the

end of December 1981. Its nunbers remained low during the hot period

in January to the niddle of March lg82', ranging from only 0 to 14

1n)oxg,t per 30 stems. Tzioxg¿ then began to increase and reached the

peak of 85 parasitoids per 30 stems in the middle of April which

seemed to be related to SAA populatÍon peak (Figure 5). Tn general,

however, the Tnioxg's population in 1981 was much higher compared to

that of L982.

Similar trends were observed in the data for trapped adult

parasitoids (see Figures 10(A) and 11(A)).

(3b) Parasitism

The percentage parasitisn, expressed as the ratio of

total Taioxga energing fron the stem sample for parasÍtoids

[Subsection 3.2.2 (4a)] to the number of total adults SAA in the
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Table 2. Percentage parasltlsrn of SAA by T,t-ioxga conpktnoLu's;
ãipiffi¿ as the ratio of total Trt Loxg's emerging from sLern

sample for parasiEoids (column 5) (see Appendix Table 2 columns
I +- 9) to the number of total adults SAA in the stem sample for
the aphíds (columns 2+3+4); field survey data I January-l7 March

1981 and 10 December 1981-16Apri1 L982-

Nurnbers of SAA/sample
Adults

ToÈa1
numbers

of
TnLoxg's

Parasitism
(7.)

Date of
sampling

Mummies Total
Apterae Alatae

1 2 3 4 (2+3+4) s 6

8/t
ß/r
22/L

30/L

e/2

L7 /2
24/2

3/3

LO/3

L7 /3

ro/12

t7 /r2
24/12

3L/t2
7lr

L4/L

2t/L

23/2

2/3

LO/3

17 /3
24/3

Ll4
e/4

L6/4

r47

74

LI+4

265

238

428

189

264

178

284

70

85

89

101

134

98

LO7

r44

15.5

28.4

30.8

16.1

2L,g

17.5

33.9

20.2

18.3

24.6

L22

t66
58

227

t46
L2L

150

170

343

245

278

229

227

527

407

579

39s

486

585

586

2

7

36

269

365

724

823

9

39

25

35

23

30

56

52

64

57

0

0

0

1

4

13

15

0

0

2

7

27

58

63

90

0

0

3

200

258

518

s65

1

0

1

1

19

9

43

65

2

7

33

69

106

205

258

0

2

8

t2
34

30

32

47

0

0

0

0

1

I
10

0

0

0

0

I
1

I

a 4

1

8

8a

16

4s

0

0

2

3

9

40

47

55

I
2

11

16

62

79

95

r47

0

0

lg.2
43.8

43.6

73.4

66.3

6I.2



32

stem sample for the aphids [Sectlon 3.2.2(1)], is presented in Table

2. The degree of parasitization by Tn)oxgl during January-February

1981 ranged from L57" to 34 7", but Ín approximately the sane period in

1982 the percentage of parasitisrn was less t,han 27.. The percentage

parasitism began Èo increase 1n the middle of March, 1982 and reached

a peak of. 66-737" in April L982.

(3c) Sex ratio

Sex ratio of Tn-Loxg¿ h¡as estimated from different methods

of sampling: (i) stera samples , (ii) dark and suction traps [see

3.2.2 (4) above]. The proportÍons of nale Tzioxg,t that emerged from

stem samples (Appendix Table 3) are plotted against dates of sampling

in FÍgures 9.1 and 9.2. The males of Taioxg¿ were predorninant than

females on every sampling occasion from January to May 1981 (Figure

9.1) with the percentage of nales ranging fron 52 Eo 9LiA . There

!¡as no clear peak in January-March but there was an ovious peak in

April-May. In January 1982 (Figure 9.2), when the number of

Tnioxg.s was 1ow, females became dominant but as soon as the number of

parasitoÍds increased in April, the number of nales exceeded the

number of females. As has been mentioned in Section 3.3.1(3a)

above, simílar trends in Tnioxg¿ number of sEem samples and those of

trapped were observed (see Figures 9.14, 9.24 104 and 114; Appendix

Table 4). However, when the number of parasitoids caught was high,

the proportion of nales was much hÍgher compared to that emerging

from sten samples (see Figures 9.18, 9.28, 108 and 118).



Figure 9.1.

Numbers of Tnloxg's eomplanaiu¿ emergíng from each stem sample

(A), and Lhe sex-ratio of 7. compLana-taz vithi.n each sample (B)

during January to May 1981.
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Figure 9.2.

Numbers of. Tn-Loxg^ conp!.(lnrltx) emerging from each stem sample

(A), and the sex-ratio of 7. conplanøtt¿ within each sample (B)

during January to April 1982.
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Figure 10.

Numbers of Trzloxg's eomp!.analtu trapped in ttdark trapsrr at each

samplÍng date (A), and the sex-ratio of Z. conp!.onatu,s within
each sampling date (B) during February Lo April 1982.



400

E
o,
CL
CL
E

l-

32

160

80

50

240
tnt
>Jxlol.- I

Êl

o

L
o,E
e
=z.

0

1

Februo ry M orch

March

F i9. 10

Apr i t 1982

@

s

qJ

ct

=

rì

Dork Trop

@

Fe brua ry Aprit 1982



Figure 11.

Numbers of. Tn-ioxg's compktna-tt s trapped in frsuction trapstr at each

sampling date (A), and the sex-ratio of 7. comp!.ana-tuz within
each sampling date (B) during February to April 1982.



€
(lJ
o-
o-
to
LF
tlll>l
xlol--t
LI

Fl

r+o
L
(l.,

-o
É
a
z.

1500

12 00

900

ó00

4

30c

150

0

100

50

February M¿rch

M a rch

Fig.

Aptit 1982

s
OJ

to

=

0

11

ISuction TraP

@

February Aprit 1982



33

The lndication that the sex ratio of Tnioxgá htas

infLuenced by its own density wll1 be discussed in Chapter 6.

(4) Secondary parasitoids

(4a) fire species conPosition

t
The secondary para"iäids found attacking Tn-Loxg.s mummies

ln the study plot were Dendnouttu't spp. (ceraphronidae) , Paa\-gneunon

sp. (Pteromalidae) , A-!-!.oxi'sÍ,a. sp. and Phoenog!.gph-i.t sp. (Cynipídae).

Their identífication was confirned by Dr. I. Naunann, Division of

Entonology, CSIRO Canberra. The species present rì'ere símilar to

those found by l,lilson eL a¿, (1982). The numbers of each species

which emerged from the field mummy collection on each sampling date

are given in Table 3.1. In Table 3.1 are also given (i) the total

number of each species and (ii) on the last line , the |tspecies

conpositiontt, expressed as the proportion x 100 of the total of each

species to the total all species. The ttspecies compositionrr of the

parasitoids from stern samples is given in Table 3'2

The data show that Pachgnøuzol¿ was the rnost abundant

species and comprised about 70% and 567d respectively of the total

number of field muruny collection and of stem samples. The second

most abundant species emerging from the stem samples was

Dend.nocen-u¿, followed by Phaznog!4plLb and A-(Loni'sÍrt (TabIe 3'2)'

However, the mummy collection data has indicated that Dendnocptzu¿ ttas

the least, abundant among the four species (Table 3.1). One possible

explanation of this phenomenon is as follows. The endo-parasitoids
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Table 3.1. Species conposition of secondary parasitoids emerging

from mu¡trmy collected fron 31 Deceruber 1981 to 16 April 1982.

Tn Loxga Secondary parasitoitls

Date of
sampling

Nunber of
murnml-es g ú total Pochg, Dendrl, others total

0

4

6

4

0

1

2

1

7

11

29

T4

0

0

0

0

0

0

0

0

3

5

5

I

0

0

I
0

0

0

0

0

0

0

0

2

0

4

5

4

0

I
2

1

4

6

24

4

4

9

L2

6

8

13

17

26

46

93

69

81

2

4

5

4

3

7

7

I
15

32

31

48

2

5

7

2

5

6

10

18

31

61

38

33

19

4

13

18

10

8

14

27

53

104

9B

9s

3L/L2

7lL

L4/t
2t/t
23/2

2/3

LO/3

L7 /3
24/3

L/4

el4
L6/4

Total 463 2I8 1'66 384 5532L
(69.6%) (3.82) (26.67")

79
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Table 3.2. Species composltion of secondary parasitoids emerging fron

3O-stem sarnples.

1981* 1982**

Secondary

parasitoids
Total number

of each

specLes

%of total
of all
species

Total number

of each

species

%of total
of all
species

118

75

58.7

37.3

4.O

10

6

55.6

33.3

11.128

18

Total of all
species 20L

* obtained from 20 sampling occasions fron I January to 28 May 1981.

** obtained fron 11 sanplfng occasions from 7 January to 16 April
1982.
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such as Ptuznog!.Aplui't and A-(Lori¿Íg oviposit in the larva of

Tn-Loxg,s when the aphid is still a1ive, while the ecto-parasitoJ-ds

such as Dendnocptttt¿ and Pachgl-z.tttuott2 oviposit on the late instar

larva or pupa of |n-Loxg¿ when the aphid has been mummified (Schlinger

and Hall 1959). By removing rnummies from the field, (i. the murnny

field collection), the ecto-parasitic Detdzoeeru¿ nay have a smaller

chance attacking the nurnmies of Tn-Loxg,s compared to Lhat of the

endo-parasitic , Al!.oni'sÍn and Phaenog!4PlL¡'5, Another possibility is

that relatively more endo-parasitoids died during the rearing of

parasitized aphids in the stem samples.

Data of Tnioxg,t munmy collection in autunn 1983 revealed a

different result. Of 266 nunnmies collected on 8 May 1983' 90 did not

yield parasitoids. Most of the mummies seemed'to have a rnuch thicker

and darker cocoon conpared to those mummies collected in sum¡ner and

in early autumn. Similarly, Schlinger and Hall (1961) found that

nummÍes containing parasitoids in aestival diapause vrere contructed

with tougher, thicker wal1s than those rvith parasitoids not in

diapause. However, dÍssection of the 90 numrnies 4 weeks after the

date of collection revealed dead larvae rather than dead pupal or

adult parasÍtoids.

0f the other 126 mummies fron which parasitoids emerged

30% were Tn-Loxg,sz 67% were De¡'dzoce-tzu¿ and 37" were Pha¿¡zoglgplLi)

p1¡s AlAox¿Ált, No Poehgnøzolz h'as found. This species composítion

l-s not understood. It is possible, that as the season advances, the

specles composition is shifted towards De¡tdzocetzu¿ because, compared
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to the other species of secondary Parasitoids, Dend'n-ocetzu'l has a

stronger preference for SAA (Mary Carver' pers. Comm.) and SAA is

usually ¡nore abundant during autumn (see Figure 5).

(4b) The abundance of sPecies

The nunbers of prinary and secondary parasitoids emerging

fron stem samples are plotted against the time of the year in Figure

6. Low nunbers of secondary parasitoids were observed during January

1981. Their numbers increased slightly at the end of February

(sunmer) and reached a peak (19 parasitoids per 30 stems) in the

middle of March which appeared to coincide with the peak of TttLoxg,s

on the plants. In autumn 1981 their number fluctuated between a

ninimum of 4 to a maximu¡n of. 28 per 30 stems with a peak at the end

of April. Secondary parasitoids persisted in the study fíe1d in

winter and spring attacking mumrnies of Aph)rLûtt sP. r â parasitoid of

BGA and PA. Tn Novernber (spring) 1981 adultsof secondary parasitoids

were trapped either in ftsuction trapsrr or in rrdark trapstr, which was

about 2 rnonths before they were detected by stern sanples (see

Appendix Table 5).

In general, the numbers of secondary parasitoids in 1982

were lower compared to those in 1981' presumably because there were

relatively fewer Tn-Loxg.t in 1982.

(4c) Secondary Parasitism

The percentage of secondary parasitisn, expressed as the

proportion X 100 of the number of secondary parasitoids to the total



Figure 12.

Percentage of secondary parasítism betr+een January and May in
1981 (A) and 1982 (B). The values are derived as the proportion

x 100 of number of secondary parasitoids to the toÈal parasitoids
(primary and secondary) that emerged from the sten sanples. The

arrows nark the tine at whieh the lucerne was nolrn.
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number of secondary parasitoids p]:us Tnioxg't :Ltralc emerged from the

stem samples ls presented graphically in Figure 12. The nean

percentage of secondary parasítÍsm was 10.81¿ (L.2 to 37.37") and 6.5%

(O to 502) respecrively for 1981 and 1982 observations. The dotted

line in Figures 128 representing that there l{as no observation

between 21 January and 23 February 1982 as has been mentioned above

in Subsection 3.3.1(1).

(5) Predators

The common predators found attacking aphids in the study

field were Coccù¿e-!-!n nzpand.a Thunberg (Coccinelídae) and fliuzonu¿

La¿nan),az (trla1ker)(Hemerobidae). These species of predators are

predacious Ín both the adult and the larval stâges. OLher predator

species which were occasionally abundant for short periods were the

syrphids l\e-Innggno u)rzLcepa (Macquart) and Sino'tgnphtt't gnand'Lcom'i't

(Macquart), and the chrysopid, clzzg,sòpa ,signalz schnieder. spiders

were found almost the year around but Eheir numbers were 1ow and they

were presurned to have a negligible impact on the populatíon of

aphids. The other coccinellid predator which is common in South

Australia, namely Lü't eonfontuu (Boisd.) (coccinellidae) was

rarely observed. It is usually found feeding on aphids of trees and

shrubs (Maelzer lg78). From nol{ on' therefore, only C. nzpandn arrd'

fl, ta¿nani-oz. will be discussed further. Their numbers are plotted

against time of the year in Figure 7.
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(5a) Coccinelln nzpndz

Figure 7 indicates that in 1981 C. nzpan-dn was abundant in

March (early autumn). Its numbers were 1ow during early winter

(June) when the prey population was quite abundant. However, íts

nunbers slightly increased during September (spring) and reached a

peak (96 larvae per 100 sweeps) at the beginning of October, about a

2 week time lag afÈer the populatíon peak of the aphids. Most of

the Cocúnz.!-!n population at that time consisted of larvae (Appendix

Table 2.3). Those larvae of Coce)ne-t-tc¿ probably did not starve in

the lucerne crop when the plants were mok¡n lightly in October because

there was still quite a high number of prey remaining (Figure 5).

Samples taken at about 10 days after cutting revealed that larvae of

Cocú¡tzl-h. were still found on the lucerne. The numbers of C.

nz.pandn Èhen increased very rapidly in October and reached a peak

(927 aduLts plus larvae Per 100 sweeps) at the beginning of November

which seemed to be related t,o the collapse of the population of the

aphids, BGA and PA. Even though these aphids became scarce' a

relatively large number of C. nzpand.z adults were observed in the

field until the middle of November 1981 (2 weeks after the peak).

These adult Coeún¿-lla are 1ike1y to have emerged from pupae in the

fie1d.

A similar tiend ín Cocc)nz.lkz numbers was observed in the

sunmer 1981-1982 (i.e. Dece¡nber 1981-January 1982). No larvae were

found for the first few weeks in December, and when the adult

population increased thereafter it seemed to have an obvious
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relation to the decrease ín the SAA population. Cocüne-!-lø numbers

reached a peak (372 adults plus larvae per 100 sweeps) in the third

week of January, which was about one week after the peak of the SAA

population.

The autumn 1982 population $¡as low and cornprised adults

only. As in winter 1981, very low Cocún¿!-h. numbers were observed

in winter 1982 even though Prey t^'as abundant. The number increased

slightly in spring and reached a peak on 24 Septenber wich appeared

to coincj-de with the peak of aphid numbers. Tn comparison, however,

the peak number of Cocüne-!-ln in 1982 was lower than that of 1981.

(5b) ftioønua toanoniac.

ltLiuzonu¿ was first sanpled in July (w-inter) 1981 when its

numbers were 1ow (Figure.7) and comprised adults only (Appendix Table

2.3). Its nunbers increased faster than those of C' ze-pandn an.d'

reached a sma1l peak (60 adults/l0O sweeps) in the ¡niddle of August

1981. For several weeks then, its number did not increase further

even though BGA and PA were abundant (Figure 5); probably because it

was sti1l wÍnter and mean daily temperatures hrere too low (Figure

3.1). Only after daíly temperatures had increased and after the

aphid population had reached a peak in mid-September, gid [\iuzomtt¿

lncrease substantially; and both larval and adult stages were

observed then. Relatively hígh numbers of adults of [tlictzomu¿ were

observed in October, preyÍng on the abundant BGA and PA. Peak

numbers of the species ltere reached at the same tine as those of
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C, /?zpatydn namely, at the beginning of Novernber, which was about two

weeks behind the peak of aphid populations.

Following peak numbers in spring, nost aphid species are

scarce over the long hot and dry Australian summer and aphid

predators are usually scarce then (Maelzer 1981). So, too, in this

study, flictzomu¿ -especially larvae- were scarce in the sunur¡er

1981-1982. But low numbers of adults were found until a small peak

was reached in the 3rd week of January L982. Then, after the lucerne

crop vras morìtn, and the nurnbers of SAA had dropped markedly (Figure

5). l\iuzonu's then practically dÍsappeared from the study field. IL

could not be detected in sweep net sarnples until the middle of July

(winter) 1982 when 5 adults were caught. The lucerne plants were

then cut and grazed in August, so no further sâmples were taken

during August. Hor,¡evet, l\iuzott1tt/5 was again fairly common in

September-October 1982 and, as in the previous spring, both adult and

1arva1 stages were found. Peak nunber observed ín Septenber and

october which seemed to be related to the drop of the aphids

numbers.
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4 a 1 Introduction

This chapter discusses the interactions between Tn)oxgt

and SAA and between predators and aphids (SAA, BGA+PA) that may be

inferred frorn the field survey data described in Chapter 3. The

purpose fs to examine the general nagnitude of host- or prey-natural

enemy interactions rather than to estimate it precisely from the

field data. The host-natural enemy interaction in the field is too

complicated to allow precise analysis ín this t.ype of study, buL a

general evaluation of trends in number will at least provide an

indication of the sort of follow-up experiments that can be done to

shed nore light on the more precise form of the association.

It seems to be generally agreed that the effective

species of natural enemi.es affectíng an insect population are 1ikely

to be those that show density-dependent responses (DeBach and Smith

L94La, DeBach ¿L al, L976, Morris eL al, 1958). Such a response can

take either one or both of two forms, namely (i) the population

density of natural enenies may change as a resull of changes Ín host

(or prey) density; this is the so called ltnumericalrr response of

Solonon (1949) and (ií) the population density of the host (or prey)

nay change because of a differential attack rate of the natural

enemies (Hasse11 L978, Holling 196I,-Morris eL al. 1958).

Hassell (1966) suggests that the responses of parasitoids

or predators to their host or prey densitÍes should be considered in

term of change in the percentage parasitism or predation. In the

fÍe1d, however, the direct recording of percentage parasitism or of
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predatlon of aphíds on plants is not easy. Parasitlsm is probably

easier to record than predation but even for parasitism, each of the

common methods of assessment described in Sectio¡ 3.2.2(4) involves

false assumptions and is hence subject to bias. Therefore, in this

section, the responses of parasitoids and predators to changÍng host

densities is expressed in terms of changes in the density of enenies

as the numbers of hosts rise or fa1l (Solornon 1949, Holling 1959'

1961, Morris eL a-[.. 1958).

Itwashypothesizedthattheresponsestohost(orprey)

density of parasitoids such as T'zLoxg.s or predators such as

e-
CoccinpLa and, 1iut-oru¿ may not be the sa¡ne in differenÈ seasons or i-n

L

different years; each response nay be'expected to be a function of

the mean temperatures during the period of associatíon of natural

enemy and host (or prey) and also of the initial host density at

which the associatíon started. ThÍs hypothesis $/as examíned by

comparing the slopes of the regression of 1og (density of parasitoids

or predators) on the 1og (density of the aphids) of various sets of

data as has been done by l^lright and Laì-ng (1982). These authors

(ibid) d¡"r..h eL ø!..(1976) believe that the slope which represents

the response of natural enemies to host (or prey) is a partial

neasure of the regulation potential-of the natural enemies.

2 Tn Loxgd-SAA association4 a

The numbers of both 7n-ioxg,s and sAA in any one season of

about 10 weeks were transformed to logarithms because (i) for both
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varl-ates, the variance Lncreased as the variate increased in value,

and (ii)a 1og-1og transformation of similar fíeld data was used by

I,lright and Laing (1982) to analyse the relationship between

coccinellÍds and aphids in corn in Canada. Because of the

relationship found by i^Iright and Laing, a simple linear regression of

1og (density of parasitoids or predators) on the 1og (densÍty of the

aphids) was expected.

Tables 4.1 and 4.2 show the mean 1og numbers of 7rz-ioxg,t

per 10 sterns (Y) and the mean 1og SAA per sLem (X) on each sarnpling

occasion during January-March (surnmer) 1981 and March-May (auturnn)

1981 respectively; and the apparent numerical responses of Tzioxg's to

the changing of SAA population ín summer an in autumn 1981 are

plotted in Figure 13.

In the last column of both Tables 4.1 and 4.2 is presented

the deviation of each point (XY) from the estimated regression 1ine.

Note that the first point of the rrautumn datarr (Table 4.2) with X =

2.05, Y = 0.8937, the deviattor dr.* = 0.5368 is twice as large as

any other deviation. No good reason can be thought of for this

large deviation which occurred on the first date of sampling in the

snal1 plot after the rest of the study fÍe1d have been mown and

grazed, and it is likely Èhat it was sinply a ttbadtt sanple.

A test of significance was therefore applied to determine

whether the deviation of this first, point of the frautunn datatr was

withín samplj-ng error. The test lras taken from Snedecor and Cochran
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Table 4.1. Deviation from regression of mean 1og number of

Tnioxg,s per 10 stems on mean 1og nurnber of SAA per stem; field
survey of aphids and natural enemies during January - March

(sumner) 1981.

Date of
sampling

Mean 1og

number of
SAA/stem

(x)

Mean 1og number

of Ttt-Loxg's

per 10 stems

(Y)

Estimate

ofu
Deviation from

regression dyx

(Y-Y)(Y)

8/t
$/r
22/t
30/1

e/2

t7 /2
24/2

3/3

ro/3
t7 /3

1.1285

1 .3445

I .3733

1.457L

\.4684
1.5431

I .6136

L.2079

I .5419

I .6651

1.2338

r.2676

1.3226

1.4369

1.4707

1.4749

r.4g6L

L.4976

1.6061

1.5469

- 0.1053

0.0769

0.0507

o.0202

- 0.0023

0.0682

0. I 175

- 0.2797

- 0.0642

0. 1 182

1.38

1.46

1.59

1.86

r.94
1.95

2.OO

1.98

2.26

2.r2
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Table 4.2. Deviation from regression of mean log number of

|a.ioxg,t per 10 stems on mean 1og number of SAA per stem; field
survey of aphids and natural enemies during 25 I'farch to 28 May

(autumn) 1981.

Date of
sampling

Mean 1og

nunber of
SAA/stem

(x)

Mean log number

of. Tnioxg.t
per 10 stems

(Y)

Estimate

ofu

^(Y)

Deviation from

regressron

^(Y-Y)

dyx

25/3

t/4
814

rs/4
23/4

29/4

sl5
t3ls
2t/s
28/s

2.O5

2.16

2.20

2.33

2.56

2.41

2.00

t.79
L.20

L.T2

0.8937

L.2896

1.3400

I .61 14

1 .6180

1.7488

1.5232

1.5612

1.3540

1.2234

1.4305

1.4534

1.4618

1.4889

1 .5369

1.5056

1.4200

L.3762

1.2531

1.2364

- 0.5368

- 0.1638

- 0.1218

o.L225

0.081 1

o.2432

0.1032

0.1850

0.1009

- 0.0130



Figure 13.

{
Regression, in differenøe seasons, of log number of TøLoxaá pet

l0 stems on log number of the SAA per stem.

A: 8 January to 17 March (summer) 1981;

Y = 0.649 + 0.423 X ( r = 0.703; P(0.05),

B: 1 April to 28 May (autumn) 1981;

Y = 1.024 + 0.228 X (r = 0.656; P(0.10).
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(L967; p 157-158) and the results are presented in Appendix 6 which

shows that P = 0.0547 and therefore the null hypothesis should not be

rejected aL the usually accepted 5% probability 1evel. However, if

the firsL point is included in the autumn data, the regression of

TnLoxg': numbers on aphid numbers is not significant (P)0.15) but if

the first point is excluded fron the data set, then the regression is

significant (P(0.05). Since the other data sets show a significant

regression of T¡¿Lox¿l.a numbers on SAA numbers (see Figure 13 line A

and Figure 14 line B) it nore likely than not thei the regression for

the autumn data is also significant and that therefore the first data

point should be omitted as a bad sanple. lrlhen this is done, the

regression line was estimated as Y = 1.024 + 0.227 X (see FÍgure 13,

line B). .

The test of null hypothesis that the linear regression of

the response of T'zioxg's to SAA in January-March (sumner) and in

l{arch-May (autumn) are similar is taken from Snedecor and Cochran

(1967); page432-436. The regressíon may differ in the residual

variances, in the slopes or in the intercepts and will be tested in

that order. The appropriate variances etc. are given in Table 5,

which corresponds to Table 14.6.2. of Snedecor and Cochran (1967);

and have been used as follows:

(i) The residual variances

The variances etc. for fitting seperate lines to rrsunmerrl

and rtautumnrr data are given in the first and the second lines of

Table 5. The ratio of the regression mean squares (= residual



Table 5. Comparison of regression lines of the responses of
Ttuioxg,s to the changing of SAA numbers in sunmer 1981

(8 January-l7 March) and in autumn i981 (25 March-28 May).

Deviation
from regression

d.f SS MS

L
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8 .1348

.r447

.0169

.0207

15 .2795 .0186

16 .3004 .0188

1 .0209 .0209

17 .3006

1 .0002 .0002

1

2 7

3

4

5

6

7

Test of hypoteses:

(a) Residual variances are homogenous:

F = 0.0207/0.0169 = 1.22 i d.f.= 7,8 ; P>0.05 ; N.S.

(b) Homogenity of slopes;

F = 0.0209/0.0186 = t.I2; d.f.= 1¡15 ; P)0.05 ; N.S.

Eccept null hypothesis.
(c) Hornogenity of intercepts:

F = 0.OOO2/0.0188 = 0.01 ; d.f = 1,16 ; P)0.05 ; N.S.

Eccept nulI hypothesis.

Coef.

Reg.hlithin
season d.f. Sxx S.P Syy

.423r

.2279

9 .7390

I 2.1088

.3L27

.4807

.267r

.2543

sunmer

arrtumn

.278IPool-ed 17 2.8478 .793t+ .5214

Difference between slopes

.2798Cornbined 18 2.9t66 .8182 .5290

Difference between intercepts
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variances) can be tested by an F test; F = 0.0207/0.169 = 1.22 with 7

and 8 degrees of freedom (d.f.), which is not significant. So the

resldual variances may be assumed to be homogeneous and Èhe test can

now be applied to compare the slopes.

(ii) Conparing the sloPes

(a) The d.f. and the SS for the deviation fron the

individual regressÍons are summed in line 3; and the new residual MS

(= .2795/15 = .0186) is the residual mean square obtained when

seperate regression lines are fitted to ttsummertr and ttautumntt data.

(b) In line 4 the sum squares and the products are added

and used to calculate a pooled slope (= 0.278I) and a pooled SS (=

0.3004) which represents deviations fron a model in which a single

pooled slope is fitted. The different between this SS and that gÍven

in in line 3 (i.e 0.3004 - 0.2795 = 0.0209), with I d.f. measures the

contribution of the difference between the two regression

coefficients to the sum of squares of deviatíons (see line 5).

(c) Finally, the slopes are compared with an F test, with

F being obtained in Table 5, as 0.0209/0.0186 = 1.12 with l and 15

d.f. (P > 0.05) supportÍng the assumption that the slopes do not

díffer.

(iii) Conparing the intercePts

(a) Comparison of the inlercepEs is necessary because the

variances are homogeneous [see (i) above] and the lines are parallel

[see (ií) above]. The regression of sunmer data and that of autumn

data were conbined and a deviation ,r, 0.3006, is obtained (Tab1e 5
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line 6). This SS and that of Deviation SS in line 4 is substracted

to give 0.0002, the SS between intercepts. I find F = 0.0002/0.0188

= 0.01 with d.f. = 1116 and P>0.05 supportÍng the null hypothesis

thaL the intercepts do not differ.

(b) It can be concluded that the responses of Tníoxg,t to

the changing of SAA numbers are the same for summer and autumn 1981

with a conbined regression fuction of 1og Y = 0.9185 + 0.2798 1og X

(r = 0.66, P<0.005).

The plotted response of Tn-Loxgd to SÄA for summer-autumn

1982 is shown in Figure 14 (line B). The regression rvas again

significant and the the line 1og Y = - 0.L274 + L.0296 1og X

(r=0.98, P<0.05) was fitted to the data. The analysis of variance

for conparison of Tn Loxg¿ responses to SAA in summer-autumn of 1981

and of 1982 is presented in Appendix Table 7; it shows that the

residual variances are homogeneous with F = 0.0185/0.OI77 = 1.05

(d.f. = 6117) (P>0.05); and the mean residual variation about the

joint fit is significantly worse than that of the índividual fits

with F = 0.7582/0.0179 = 42.36 (d.f . = 1,23) (P<0.001). Therefore,

the responses of Tn-ioxg,t to the changing of SAA numbers rnay be

considered to be different for the two years. Thís difference can

probably be attributed to the differenL host density at the

beginning of each aphid ttseasontt. The difference in response of the

parasitoid to the density of SAA in the two years suggest that

TrvLoxg,s responds faster, as indicated by the much steeper slope of

line B in Figure 1/r, when the initial aphid number is 1ow. The

difference in the response of Tn-toxg't in the two years could



Figure 14.

RegressÍ.on, in differen! years, of 1og number of Tnioxga per 10

sEems on 1og number of the SAA per stem.

A: 8 January to 28 May 1981;

Y = 0.919 + 0.280 X ( r = 0.657 ; P(0.005),

Bz 23 January to 16 April L982;

Y = -0.L27 + 1.030 X (r = 0.980; P<0.001).
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have been due to a difference in mean temperature, or ln the initÍal
parasitoid/aphÍd ratlo or simply 1n the nunber of aphlds. The mean

ÈenperaLures ín the cwo periods being compared were 24.0 oC and

2L.g oC, and the initial parasltoid/aphid densiLy ratios were 43/IO27

(see Appendix Table 2.1) and 2/LL8 (see Appendix Table 2.4)

respectively. The evÍdence indicates therefore that the difference

in response was probalbly due to both host densiLy and the initial

parasitoid/aphj-d density ratio.

The indication of the effect of host density and of

parasitoid/host ratio on the response of the parasÍtoid will be

tested experimentally in Chapter 6.

4.3 Predator-prey association

4.3.1 Predator-(BGA and PA) association

The responses of C, ne.pandn and Í1. t-a¿nø>La¿ will also be

examlned at different times of the years, and especially when the

predators were most abundant. This examination will al1ow the

measurenent of the predatorsr responses to different mean

temperatures and also to different aphid species populatÍons, because

the aphid populations in the winter-sprÍng period are.dominated by

BGA and PA whereas SAA is the dominant species in the sunmer-aulumn

period.

The apparent numerical responses of Cocc)ne-l-La and'

ltLLuzonu¿ to the changing aphid population in the winter-spring
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period of 1981 (from 10 July to I October) are shown in Figure 15.1

and 15.2 respectively. The fitted regression llnes of the plottetl

response are shown 1n Figure 16. Examínation of the slope of the

regression of line (A) ín Figure 16 indicates that Cocünp-lAa has no

response to the increasing prey numbers between 10 July and 1 October

1981. Its numbers increased rapidly only when the aphíds reached

very high numbers (Figure 15.1). A similar trend in number was

observed with the llicnonu's population (Figure 15.2), although

(liutonu¿ appeared to respond much nore rapidly than dj.d Cocc)nell'at

especially during the first si-x weeks of the associatíon (Figure 16,

line B).

Botln CocúneLla and (liuzonu¿ nrmbers increased even more

rapídly after 13 October and seened to be related to the collapse of

BGA+PA populatíons thereafter (see Figures 5 and 7). However, at the

sane time, many alates lrere caught in water traps as can be seen in

Figure 17. So if the predators did contribute to thê rapid decrease

of aphid populations during that period they were unlikely to be the

only contributor. The data of Figure 17 show that a large number of

alates was trapped in the water traps between the niddle of September

and the end of Qctober 1981 during which period the number of aphids

in the crop was highest. The number. of aphids in the crop then

decreased to near zero at the midle of November and the number of

winged aphids caught in the traps also felt to near zeto. The number

of aphids in the crop then fluctuated in 1ow 1evel until January but

the number of alates caught in the traps rose again probably either

because the increasing photoperiods and higher temperatures induced



Figure 15.

Relationships of the 1og numbers of C. nzpanda (1) and /1.

ln¿nanLa¿ (2) to log number of BGA plus PA. The raw numbers of

the predators are per 10 sweePs and those of the aphids are Per

stem. Data were obtained from field census fron 10 July to 19

November 1981.
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Figure 16.

Regression of C. ne.pand.a (A) and /f. ta¿nr¿n La¿ (B) to 1og number

of BGA plus PA.

A: Y = 0.1486 + 0.094 X (r=0.400; P(0.25),
B: Y = 0.2160 + 0.329 X (r=0.814; P(0.005).

Data were obtained from field census during 10 July to 1 October

1981.
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Figure 17.

Numbers of alates of BGA plus PA (open circle) trapped in yeIlow

water Èraps and the numbers of aphids per stem (solid circle) at
times of sanpling during July 1981 to January L982. Data shown

in log scale.
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alate formatlon of BGA and PA. This finding is not in agreement

with that of Johnson (1965,1966) who worked with the cowpea aphid'

AplvLd utaccÌuoz¿ Koch (Herniptera, Aphididae). This inagreement was

likely to be due to differential flíght behaviour between the aphid

species (Johnson 1954).

4.3.2 Predator-SAÂ association

Cocúne-!-ln repanda was the most abundant predator found in

the study field during the summer-autumn period . Figure 184 shows

the response of Cocüne-!-!.o to the changing sAA numbers during

December 1981-January L9B2 (surnmer) and during March-April 1982

(autumn). The fitted regression lines are shown in Figure 188. They

suggest a direct positive response of Cocúne-!:h. to the increases ín

SAA populations. A test of significance for a conparison of the two

regression lines (Appendix Table 8) indicates no difference between

responses f or the t\,ro seasons.



Figure 184.

Relationship of 1og numbers of C. nz.pando Èo 1og numbers of SAA.

The raw numbers of the predaLors are per 10 sweeps and those of
the aphid are per stem. Data were obtained fron field census

during 10 Decemcer 1981 to 16 April 1982.

Figure 188.

Regression of 1og numbers of C, nzparcla to 1og numbers of the

SAA; data were the s¿tme as those in Figure 184:

line 1 (10 Decenber 1981 - 21 January L982)z

Y = 0.597 + 0.296 X ( r = 0.745; P(0.10)'

l1ne 2 (2 March - 16 April 1982):

Y = 0.027 + 0.611 X (r = 0.947; P(0.005).
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5.1 Introduction

The regression analysis of field population data in the

previous chapter indicated that there were significant positive

associations beLween Tnioxg^ complana-ta/s ot Cocc)ne.lAa nzpandn and

the spotted alfalfa aphid. However the regression method cannot

demonstrate that either Tn ioxg,s or Cocúnel-ln was responsible for

regulating the aphid numbers at some particular population density.

Much indirect evidence of the regulato: y control of SAA

by Tn-Loxgá or coccinellids has been obtained from field population

census data of other workers, ê.g.(van den Bosch eL a-[., 1959, l,lj-lson

el @¿, 1982). However, De Bach and Bartlett (1964) and nany other

writers believe that any evatruation of natural enemy effectiveness

based on census data usually is inadequate for deternining the

importance of any one or a combination of natural enemies in the

regulation of an insectts average population density. They believe

that a more convincing method of evaluation is the experimental

comparison of plots with natural enemj-es against plots wÍth natural

enemies excluded. So I have used the experimental method in this

study to determine the role of natural enemies in regulating the

density of the SAA population.

For determining the role of natural enemies

experimentally, natural enemies can be elimÍnated in a number of

ways, e.g. mechanically, chenically, or biologically (DeBach 1946t

DeBach and Bartlett 1951 , 1964, DeBach e.t- aL. L949, 1951, DeBach eL

aL L976, Doutt eL a!.. L976, Huffaker and Messenger 1964,
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Maelzer 1977, Smith and DeBach, 1942). Although the purpose of all

nethods is Lhe same, each rnethod has certain advantages and

disadvantages. The cage exclusion technique, for example, EâY

exclude LOO7¿ of natural enemies but it may alter Lhe

microenvironment inside the cage. A chemical exclusion technique

usually does not create such a problern but, on the other hand, it

usually can not exclude all natural enemies. Both cage exclusion and

insectÍcida1-check rnethods were therefore used in this study to

deternine the degree of control exerted by natural enemies,

especially that of Tn-Loxg.s complanafu'st on the trends in the rate

of change of SAA PoPulations.

5 a 2

5.2.L

Cage Exclusion of Natural Enemies

Materials and Methods

Three identical experiments vrere conducted in Èhe sLudy

field during spring, suruner, and autumn when both the sAA and its

natural enemies are active in t'he field.

The tttreatmentstf were dif,ferenL sorts of cages. The Lype

of the cages and the natural enemies that each type of cage

rtras expected to exclude are given in Tabel 6 for each of the 3

experiments. In more deuail, the cages plus aphids (see below) gave

the foll-owing treatnents.

(A) Plant plus aphids caged with fine nylon gatlze (242hokes/.2¡

to exclude parasitoids and predators; ants excluded by

snearing ttfluontt around the wa11 of the pot (see below).
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Table 6. Summary of the treatments used in one or more of the

parasitoid-predaLor cage exclusíon experiments, and a list of

the particular treatments used in each of the 3 experimenLs.

Treatments:

Treatments were different
sorts of cages of a potEed

plant seeded with aphids.

The cages were covered with:

The expected effects

Parasitoids Predators
(except ants)

Ants

(A)

(B)

(c)
(D)

(E)

(F)

fine nylon gauze + fluon
coarse nylon gauze + fluon
partly open cage + fluon
fine nylon gauze

fine nylon gauze f fluon;
then no fluon and partly opened

aÈ day 18

fine nylon gauze + fluon;
then partly opened at day 18,

st1ll with fluon

+

+

+

+

+

++

++

Experirnents Tine Done Treatments

I 26 Oct. - 25 Nov. 1982

4 - 29 January 1983

28 April - 23 May 1983

(A), (B), (C)

(A), (B), (C), (D), (E), (F)

(A), (B), (C), (D), (E), (F)
II

III
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(B) Plant plus aphids caged with coarse nylon gauze

(16ho1es/.r2¡ ao exclude predators but not parasitoids; ants

excluded as in (A).

(C) Plant plus aphids in a partly oPen cage to provide ingress

and egress of both parasitoids and predators; ants excluded

as ln (A).

(D) Plant plus aphids caged with fine nylon gavze (242ho1es /.2¡

to exclude both parasitoids and predators but ants allowed

to enter.

(E) Plant plus aphids caged with fine nylon garrze (242ho1es /.^2¡

to exclude all parasitoids and predators and ants, but only

until day 18 frorn the beginning of the experiment. By day

18, when the nurnber of aphids was expected to be high, the

cage was partly opened and fluon t"" t"toued so that

parasitoids and predators and ants were able to reach the

aphlds;

(F) As for treatment (E) except that ants were prevented frorn

reaching the aphids on plants throughout the course of the

experiment.

Treatnent (A) was expected to estinate the rate of change in numbers

of SAA in the absence of natural enemies and various comparisons of

treatments $rere expected to give esÈimates of the effects on the rate

of increase of SAA as follows:

(i) (B) versus (A) - the influence of parasitoids only.

(i1) (C) versus (A) - the influence of parasitoids and predators

other than ants.
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(iii) (D) versus (A) - the influence of ants only.

(iv) (E) versus (F) - the influence of ants only, at initially

higher prey densities.

(") (F) versus (.{) - the influence of parasitoids and predators

other than ants at initially higher host (or prey) densitÍes.

(vi) (E) versus (A) - the influence of parasitoids and predators and

ants at initially higher host (or prey) densities.

The type of cage used ín this study is shown ín Figure 19.

The cage was 50 X 50 X 75 crn; it had a solid r¿ooden floor and wooden

frames for the sídes whÍch were covered wíth nylon galuze. The sides

of the cage of treatment (A) were covered with fine gavze

n
(242ho1es/c ") to exclude natural enerdies whereas the sides of cage

of treatnent (B) were covered with coarse nylon ga'sze (16ho1es/cm2)

to excl-ude predators but allow parasitoids to enter. Half of each

side of cage of treatment (C) was covered with coarse nylon gauze as

in treatment (B); the other half of the side was left open.

The top of each cage Ìras closed r+ith a wooden frame

covered hrith fine nylon galrze (242holes/.2¡ and served as Lhe door

of the cage. The cage was firmly positioned within the lucerne field

with flexible rfoctopustt straps attached to steel pegs in the ground,

and a potted lucerne plant was placed in each cage. The plants used

were chosen to be as honogeneous as possible and consisled of about

15 stems with approxinately 100 trifoliate leaves. Each potted plant

was funigated with a frshelltoxtt pest strip to ensure that it was

ínitially free of aphids (see Section 2.1). Each of the treatments

was replicated three times.



Figure 19.

Types of experimental cages used in field exclusion experiments.

(1) and (2): cage and a double pott.ed lucerne plant used ¡-n

spring 1982 exclusion experiment (expt.-I);

(3) and (4): cage and a double potted lucerne plant used in
sunmer L982/1983 exclusion experiment (expt.-II). Note that
there u¡as more vermiculite provided to the outêr pot, to absorb

the excess water because plants needed nore frequent watering

during this experiment;

(4) and (6): cage and a double potted lucerne plant used in
autumn 1983 exclusi-on experiment (expt.-III). Note that thå top

of the cages hrere covered with a clear plastic sheet to minimized

the effect of rain on Lhe aphids in the cage (see Maelzer 1977).

The wall of the outer pot was smeared with rffluontt to prevgnt

ants from reaching the aphids on the plant.
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The iniLial host density per potted plant at the beginning

of the experiment (day zero) was 100 apterae SAA of different

developrnent stages: 40 lst and 2nd instar nymphs plus 30 3rd and 4th

instar nymphs plus 30 reproduôtive females. The aphids were obtained

from the laboratory culture and were seeded onto the plants by the

technÍque described in section 2.2.

The number of aphids in each treatment during the course

of the experiment lüas estimated by sampling 9 trifoliate leaves, 3

each being taken randonly from the top, niddle, and bottom parts of

the plants. The number of ahpids in the sanple was recorded under a

binocular microscope; the aphids ï/ere returned to the plants

imnediately after recording. The samples were taken at day 7, 14,

18, 21 fron the initiation of the experiment until- further sampling

was considered to be inappropriate because in some treatments at

least the number of aphids was so high that the host plants hrere

deteriorating.

The impact of ants was not originally intended to be

included in this study until I learnt that Ehey had removed many SAA

from the plants in pilot experiments conducted in January and April

1982 using caged field plants. I nade numerous attempts to start the

colonies of aphids for these experinenÈs but they failed because of

the acÈion of ants. So in the later experiments, described here as

experiments I, II, and III, I used potted plants instead of field

plants. Moreover I initially tried various nethods of excluding anÈs

that nere not succesfull. Finally I tried ttfluontt
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(polytetrafluoroethylene) grade I and found it worked we1l. So in

all later experiments each potted pl-ant was placed inside another

outer pot which acted as the barrier (Figures I9.2, L9.4r 19.6). All

the outlets of the outer pot were sealed with sticky tape from both

sides and a 20 cm band of fluon was then smeared around its outer

wall. A preliminary test with fluon for this purpose of excluding

ants indÍcated that a number of ants could escape from a plastic

container which had a band of fluon less than 10 crn wide on its

vertical sides but none escape when the band was 20 cn wide.

During the periods of the experiments the plants v¡ere

watered regularly. To absorb the excess water a layer of vermiculite

was spread in the base of the outer pot.

lrleather data during the experiment were obtained from the

neteorological- station at the l'laite Institute.

5.2.2 Analysis of Data

The relationships between the number of SAA per sample

(expressed in square roots) and time of sanpling for each treatnent

were derived from regression analysis. The square root (sqrt)

transformat.ion was applied Lo the data to obtain homogeneous

variances.

Only data fron the first sanpling date onward were subject

to regression analysis. Nunbers of aphids on day zero were excluded
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frorn the analyses for the following reasons: (i) the rate of change

in numbers of sAA frorn day zero to day 7 (first sampling) is not

equal to the rate of change in numbers after day 7 ' 
(ii) The first

sampling is the more realistic point at which to begin treatment

comparíson because it reflects differences between treatments'

whereas at tine zero the treatments are artificially constrained to

be the same. There is no treatment comparison at tine zero (Sally

llayte, Biometríc Section, trtlaite Institute' pers' comm')'

The rate of change in numbers of SAA in each treatment is

measured fron day 7 to day 25 and derived from the linear function

Y = a + bX wherê Y = sqrt (number of aphids per sample), and X =

nunber of days after the start of the experimenË'

5.2.3 Results and Discussion

Each of the experinents will be discussed separately.

I shall first discuss the rate of change in numbers of sAA in the

absence of natural enemies and then evaluate the degree of control

exerted by Tn-ioxg¿ a1one, by TnLoxg,t pltts predators, and by ants.

For the purposes of discussÍon, the tern trparasitoidtr is replaced

wíth Tnioxg,s sínce Tn-ioxg,t was the only parasitoid found attacking

the sAA in the study field (section 3.3.1.3.); and the term

trpredatortt is used for any predator except @. The terms ttfine

Cagett and ttcoarse cagett and trpartly open cagett are used to refer to

the treaÈments (A), (B) and (C) respectívely (Table 6)'
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(1) Brperiment I
(26 October-2l November, spríng 1982)

The total numbers of aphids in each of the different sorts

of cages are given Ín Table 7.1, the mean numbers of aphids per each

treatment are shor¿n in Table 7.2 a¡d the conditions of the plants are

illus¡rated in Figure 20. The transformed data are plotted in Figure

22 against number of days after the start of the experiment. The

subsequent analyses of variance for testing the significance of both

linear and curvilinear regression for each treatment are given in

Appendix Tables 9 and 10 which indicate that the regressions are

significantly linear for each treatment. Table 8 gives the relevant

statistics of each regression 1ine.

(A) Ttre Growth Rate of SAA (treatnent A)

In the absence of natural enemies (í.e. in t.he fine gauze

cages), the SAA increases in number very rapidly (Tables 7.1, 7.2i

Figure 22.1). The observed mean number of SAA per sample of 9

lucerne leaves was 1594 on day 25 after the start of the experinent

(Table 7.2) and, the rate of change in numbers from day 7 to day 25

was 13.9 times, derived from the fitted line sqrt Y = -0.6629 +

1.5902 X (r = O.gI+2, P<0.01) (Table 8). However the rate of increase

was probably reduced earlier than day 25 by deterioration of the

plant because the lower leaves started to yellow by day 18 from the

beginning of the experinent (Figure 20.1) and by day 28 the plant was

defoliated.
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Table 7.1. Numbers of aphids per 9 leaves of lucerne plants of

different treatments (cages) on each date of sanpling;

parasitoid-predator exclusion experiment I, 26 October -
21 November 1982; spring. See Section 5.2.L fot detail of the

treatments.

Treatments (A-C) and Replicates (I-III)
Days

* (A) Fine cage (B) Coarse cage (C)Partly oPen cage

IIIIIII II III I II III

7

L4

18

2L

25

L24

667

1134

t257

1985

87

27r

816

75r

t57r

101

553

678

789

L226

60

298

426

513

556

89

628

1039

1049

1110

78

285

527

52L

469

43

60

108

L44

183

45

191

190

497

262

62

25

r25

9L

177

fttDaystt = numbers of days after the start of the experÍment.
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Table 7-2- Means of data in Table 7.1.

Treatnents
Days

* Fine cages Coarse cages Partly open

cages

7

L4

18

2T

25

104

497

876

932

t594

76

404

664

694

7L2

50

92

141

244

207

N.B.Economic threshold density of SA¡ = 45 aphids per 9 leaves.

*ttDaystt = numbers of days'after the start of the experiment.



Figure 20.

The condition of plant aL 18 days after the start of the

experiment I (spring 1982).

(1) in fine gauze cage from which natural enemies were expected

to be excluded. Ants were also excluded by smearing trfluonrr

around the wall of the pot;
(2) in coarse gauze cage from which predaLors but not parasitoids

were expected to be excluded. Ants were excluded as ín (1);
(3) in partly open cage, in which both predators and parasitoids

r.rere expected to find the aphids. Ants were excluded as in
(1).

Figure 21.

The condition of plants at 27 days after the starL of the

experiment II (summer L982/1983).

(1) in fine gauze cage from which natural enemies were expected

to be excluded. Ants were excluded by smearing ttfluontt

around the wall of the pot;
(2) in coarse gaÍze cage from whÍch predators but not parasitoids

were expected to be excluded. AnLs were excluded as in (1);
(3) in partly open cage in which both predators and parasitoids

were expected to find the aphids. Ants were excluded as in
(1);

(4) in fine gauze cage as in (1) but ants were allowed to reach

the aphids on plants;
(5) in fine gauze cage but only until day 18 from the start of

the experiment when the cage was part.ly cpened and ttfluontt

was removed so that the parasitoids and predators and ants

were then able to reach the aphids;
(6) as for treatment (5) except that ants hrere prevented fron

reaching the aphids on plants Lhroughout the course of the

experiment.
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Fígrre 22.

Growth rates of SAA in different type of cages:

(1) fine gauze cages;

(2) coarse gauze cages i

(3) partly open cages.

The numbers of líve aphid SAA per sample of 9 trifoliate leaves

(expressed as square roots) are regressed on the nunbers of days

of sampling. The horizontal dotted lines denote the economiå

threshold density for SAA (= 45 aphids per 9 leaves)(Hanson 1961,

Nlelson and Barnes 1961).
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Iable B. Statistics for linear regression of the growth

rate of SAA in different sorts of cages on the nunbers of

days after the starL of the experíment; parasitoid-predator

exclusion experinent I; 26 October to 21 November L982.

Treatnents Intercepts Slopes (r) (P)

(A) Flne gauze cages -0.6629 1.5902 0.942 <0.001

(B) Coarse gauze cages 3.9263 1.0140 0.791+ <0.001

(C) Partly open cages 3.4627 0.4627 0.662 <0.001
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(B) Ttre Inpact of Tn ioxgt

(treatment B versus treatment A)

At the beginning of the experinent, Tn-Loxg's was not

commonly seen in the study field but adults were frequently caught in

sh'eep net samples taken duríng this tirne of the year. Ïn the

experiment, the presence of Tn Loxg't was indicated by observing either

Lts adults or its mummies on the experimental plants. A, Tn'Loxg's

mummy was first found at day 14, indicating that an adult Tn-Loxg's had

discovered and parasitized the aphids about a week before.

The impact of Tn-Loxgt in this experiment can be inferred

from a comparison of uhe rate of increãse in numbers of aphids in the

coarse cages as opposed to those in the fine cages (Figure 22.2 vs

Figure 22.1). l{hen the numbers of aphids were transformed to square

roots and regressed on the nunbers of days fron the start of the

experinent, the trend in numbers in each type of cage could be

expressed as sqrt Y = 3.9263 + 1.0140X (r = 0.794, P<0.001)

(Appendix Tables 98 and 108); and an analysis of variance (ANOVA) to

compare the slopes of the tvto regression lines indicated that they

were statístically different (Appendix Table 11).

The percentage reduction in the rate of increase of SAA ín

the coarse cages that can be attributed to T+ioxg,t can be estimated

fron the regression coefficients (Table 8) as [(1.5902 -

1.0140)/1.59021 x 100 = 36% . However, the mean number of aphids on

day 25 from the start of the experiment was 7L2 per 9 leaves.

*



67

So Tn-ioxga could not prevent the SAA populations from reaching Lhe

economic threshold density of 45 per 9 leaves (Nielson and Barnes

1961, Hanson 1961) and damage t.o the lower leaves h'as seen on day

18 (Figure 20.2) when an average count of 694 SAA per 9 leaves was

recorded. Tt is possible that a combination of factors, such as a

:Iow Tzioxg¿-SAA ratio at the beginning of the interaction and

secondary parasitism (see Sectíon 6.4 below), was responsible for the

failure of Tn-Loxg.,r to keep the SAA population below the economic

threshold densÍtY.

(C) Ttre Inpact of Predators plus Tzioxgd

(treatnent C versus treatnent A)

C, nzpan-d.n and ltl, tn¿naninz- were the most abundant

predators in the field during spring (Septenber-November) (Appendix

Table 2.3). The early buildup in nunbers of these two predators

seeningly depended on the numbers of pea aphids and blue green

aphids in early spring (Figure 5) and in this experimenL they were

probably responsible for a portion of the huge reduction of aphid

numbers in the partly open cages (Table 7.2) as gpposed to that of

the fine gauze cages. Again, when the sqrt of numbers of aphids (Y)

in the partly open cages vrere regressed on numbers of days (X) from

the start of the experiment in Figure 22.3, the linear' regression of

Y = 3.4627 + 0.4627 X was significant (r = 0.662, P<0.001) (Appendix

Tables 9C and 10C). The slope of this line was then cornpared to

that of the coarse cages to compare the inpact of predators plus

Tnioxgs with Lhe impact of. Tn-ioxg¿ alone in the reduction of the
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grorl'th rate of the aphids (Appendix Table 12). The slope of the line

for the partly open cages was significantly smaller than that of the

coarse cages. So predators pLus T,tLoxAA cgused a significantly

greater reduction in the growth rate of the aphids than díd Tnioxg't

alone and the total reduction attributable to predators pltss Tnioxg's

(in the partly open cages) can be eastirnated frorn the regression

coefficienrs as [(1.5902 - 0.4627)l/I.59021 x 100 = 7I7" . Then,

since TzLoxga a1one was estimated to cause a 367. reduction, the

predators can be eastÍmated to have been responsible for another 71 -

36 = 35%. This further great reduction in the numbers of aphids in

the partly open cages was reflected by Èhe condition of the plants in

this treatment (Figure 20.3) which r+as markedly better than those in

the other treatments.

The actual contribution of predators to the reduction in

the rate of increase in aphid nunbers in the open cages may have been

greater than the 35% reduction estirât"d above because the reduction

due to Tn-Loxg,s in the partly open cages may have been less Lhan Èhe

36% estÍmated from the coarse cages. hlhen predators and parasitoids

are both present, the actual rate of parasitisn is usually

underestimated because the predators consume some of the parasitoids

as parasitized aphids. Thus Hagen and van den Bosch (1968) point

out that the true extent of parasitÍzation by Tn-Loxg's is often rnasked

by coccinellid predation because the bulk of aphids, parasítized as

well as healthy¡ may be destroyed before Ttt-Loxgs pupates.

gbservations on the numbers of Tzioxga mummi-es found on plants of the

coarse and partly oPen cages support this hypothesÍs. Thus Table 9
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Table 9. Numbers of mummy of TnLoxg,S on a 9 leaf sample

taken from plants of ttcoarse gauzett and rrpartly openttcages;

parasitoid-predator exclusion experiment, January (summer)

1983.

Replicates

Days
:ft

Treatnents
I II III Total

7 Coarse

PartlY
14 Coarse

Partly
18 Coarse

PartlY
2L Coarse

PartlY
25 Coarse

PartlY

cages

open cages

cages

open cages

cages

open cages

cages

oPen cages

cages

open cages

0

0

3

0

1

0

2

6

1

7

0

0

1

0

I
0

I

I
3

1

0

0

13

1

13

2

L4

2

t4
0

0

0

t7

1

l5
2

L7

9

18

8

Total: Coarse cages

Partly open cages

67

20

* ttDaystt=numbers of days after the start of the experiment.



70

shows that the number of Tnloxg,s murnmies found in the partly open

cages was much smaller than that in the coarse cages from which the

predators were excluded. So it is likely :uha:u CoccineLln and,

(liutorut¿, which are abundant in numbers during that period' did

indeed destroy a number of larvae of Tn)oxg¿ in the partly open

cages. In the laboratory, I have seen an adult Cocún-el-h. squeeze a

larva of Tn-Loxg¿ fron a nummified sAA and eat it (Figure 23.8).

(2) E:rperinent \f z lr29 Jamrary (sumer) 1983

Methods

There were 6 treatments of'dífferent sorts of cages (Table

6) in this experiment which were conducted in January (suruner) 1983.

Three other treatments v¡ere added to those in experiment 1, namely

D-F (see Table 6) to determine the impact. of predation on SAA by ants

and by other natural enemies at initially higher host or prey density

and comprising:

A : fine gauze cages plus fluon on the pots to exclude

parasitoids and predators and ants-

B : coarse gaÍze cages plus fluon on the pot to exclude

predators and ants but not þarasitoids.

C : partly open cages plus fluon on the pots to exclude ants.

D : fine gavze cages and no fluon on the pots to exclude

parasitoids and predators but not ants.

E : flne gaúze cages plus fluon to exclude all natural enemÍes



Figure 234.

Mummies of TtuLoxg¿ at different stages of development.

Figure 238.

A nale adult Coccinp-!.!¡t ,tz.pand.o feeding on a mummy of Tn Loxga.

Figure 23C.

A skin of a muuny of. T,zLoxg's Left by C. ne.pandn.

Figure 23D.

A scarred nummy of"Tnloxg¿ caused by nandibles of C. azpandn;

however a normal adult 7rt-Loxgd emerged frorn this mumry a few days

later.
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until day 18 frorn the begining of the experÍment when the

cage r{'as partly opened and fluon }tas removed so that all

natural enemies were able to reach the aphids.

F : flne gauze cage plus floun to exclude all natural enemies

untll day 18 from the start of the experiment when the cage

was partly opened but floun hras not removed so that all

natural enemies except ants were able to reach the aphÍds.

The detaiis of the methods of the experiment are described

in Section 5.2.1.

It was expected that during this experiment the plants

woul-d need rnore frequent watering and therefore more vermiculite was

provÍded to the outer pot to absorb the excess r"tater (compare the

pots in Figure 19.4 with those in Figure L9.2).

Results and Discussion

The toLal numbers of aphids per sample for each treatment

on each of a nunber of days after Lhe start of the experirnent are

shown in Tables 10.1 and the nean numbers per treatment are given in

Table !O.2, and the conditions of the plants are illustrated in

Fígure 21. The data were transformed to square roots. and then

plotted against numbers of days after the start of the experiment in

Figure 24.L to 2t+.6, and in Appendix Tables 13 and 14 are given the

analyses of variance of the transformed data for testing the
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Table 10.1.

of different

7

14

18

2T

25

Days

Numbers of aphids per 9 trifoliate leaves on plants

treatments (cages) on each date of sampling;

parasitoid-predator exclusion experinent II 14'29 January (summer)

1983.

Treatments (A-F¡rt and replicates(I-III)

Days B c

**<

A

I II III I II III I II III

D E F

7

T4

18

2l
25

1x) ttTreatmentsrr:

A = fine cages + fluon;
B = coarse cages + fluon;
Q = partly open cages + fluon;
D = fine cages wiÈh no fluon;
E = fine cag"s * fluon unEil day 18 and then lrere opened to

natural enemies; and
F = fine cages + fluon until day 18 and then vtere opened to

natural enemies other than ãnts (see Section 5.2.1 for details).
(*'ß) ttDaystt = numbers of days after the start of the experimenL.
n.". = data not available because plants were dying.

I II III I II III I II III

62

144

390

388

513

81

262

s31

479

398

84

225

384

681

9i30

7l
232

334

648

685

33

70

184

587

377

50

184

229

262

183

111

94

408

6s8

738

79

zBL

607

799

735

B6

227

663

874

789

84

264

725

909

758

68

309

709

938

552

107

7T

585

399

187

27

7

I
53

r45

32

3

I
11

1

15

2

t7
4

I

L26

337

709

3

3

67

143

603

3

2

98

ll .â.

ll¡âe

fl .â.

fl .â.
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Table 10.2. Ifeans of data in Table 10.1

Tùeatments*
Days

A B c D E F

2s

23

49

7

L4

18

2L

25

92

20L

5s9

777

7s4

76

2ro

43s

516

630

51

r62

249

499

415

4

6

97

240

6s3

3

3

86

215

673

749

499

N.B. Economic threshold density of SAA = 45 aphids per 9 leaves.

* Treatments:

A = fine cages plus fluon;
B = coarse cages plus fluon;
Ç = partly open cages Plus fluon;

D = fine cages with no fluon;
E = fine cages plus fluon until day 18 from the start of the

experiment then were opened to natural enemies;

F = fine cages plus fluon until day 18 after the start of the

experiment and then were opened to natural enemies (except

ants).
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Table 11. Statistics for the linear regression of the

growth rate of SAA on the number of days frorn the start
of the experiment; parasitoid-predator exclusion experiment

II, 4 to 29 January (suruner) 1983.

Treatrnents * Intercept Slope (r) (P)

(A)

(B)

(c)
(D)

(E)

(F)

0.9385

2.2752

1.6538

4.2L56

1.1488 0.922

0.9375 0.895

0.8061 0.792
llno línear regressionrl
rrno linear regressiontt

0.9018 0.705

<0.001

<0.001

<0.001

<0.005

* The treatments were :

(A) = Fine cages * fluon;
(B) = Coarse cages + fluon;
(C) = Partly open cages + fluon;
(D) = Fine cages with no fluon;
(E) = Fine nylon cages + fluon until day 18 and then were

opened to ants and natural enemies; and

(F) = Fine gauze cages until day 18 then were opened to

natural enemies except anLs. See Section 5.2.L fot
details.
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signifícance of linear and curvilinear regression respectively for

each treatment. No curvílinear regressions \'Iere significant

(Appendix Table 14) but 4 of the 6 linear regressions u¡ere sgnificant

(Appendix Table 13) and their statistics are given in Table 11.

(A) Ttre Growth Rate of SAA (treatnent A)

In the absehce of natural enemies (i.e. in the fine cages)

the SAA increased very rapidly (Figure 24.1). Th-- rnean number of SAA

per sarnple of 9 leaves was 754 on day 25 after the start of the

experinent (Table 10.2) and the rate of increase in numbers from day

7 to day 25 was 10.9 times, derived from t.he fitted line: sQrt Y =

0.9385 + 1.1488 X (r = 0.902., P<0.001)(Table 11). However the rate

of increase was again probably reduced earlier than day 25 by

deterioration of the plants because the lower leaves started to

ye1low by day 18. By day 27, 2 days after the experiment was

terninated, sone of the leaves were drying and a copious amount of

honey dew was seen on the leaves and on the lip of the pot (Figure

zL.L); nost of the aphids were on leaves as well as on sLems.

(B) Ttre Inpact of Tniaxg,s

(treatnent B versus treatment A)

The sqrts of nunbers of sAA (Y) in the coarse gauze cages

(treatment B) are plotted against the nunbers of days (X) after the

sÈart of the experiment in Figure 24.2. The regression was



Figure 24.

Growt.h rates of SAA in dífferent types of cages in summer

1982/L983 exclusion experiment (expt.-II) :

(1) fine gavze cages,

(2) coarse gauze cages,

(3) partly open cages,

(4) fine garze cages but ants were allowed aciess to aphids

on plants,
(5) fine gaûze cages as in (1) but only until day 18 from

the start of the experiment. Then the natural enemies

(parasÍtoids, predators and ants) were allowed access

to the aphids,
(6) as for treatament (5) except that ants were prevented

from reaching the aphids on plants.

The regression lines were obtained by ploLting the numbers of
live SAA (expressed as square roots) per sample of 9 trifoliate
leaves against the numbers of days of sampling. The horizontal
dotted lines denote the econornic threshold density of SAA (= 45

aphids per 9 leaves of lucerne)(Hanson 1961, Nielson and Barnes

1961).
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significantly linear (Appendix Tables 138 and 148) and was described

by the 1_ine sqrt Y = 2.2752 + 0.9375 X (Table 11). The slope of

this regression was then compared to that of the fine cages

(treatnent A) (Appendix Table 15) and found to be not significantly

different.

0bviously, however, TnLoxg,s exerted little, if any,

influence on the SAA nurnbers during the period of this experiment.

A mean number of aphids of 630 per 9 leaves was recorded on d'ay 25

after the start of the experiment and it was reflected by the poor

condition of the plants of this treatment. Notice that, the condition

of the plants in the fine cages 'h¡as similar to those in the coarse

cages (Figure 21.1 vs Figure 2L.2).

The poor performance of Tn-Loxg,s i-n this period is due to

be attributed to the prevailling high temperaLures in the period of

this experiment wit.h the daily maximum temperature going above 30 oC

on several days (Appendix Table 18). To rny knowledge there is no

Ínfornation about the effect of daily high temperatures on biology

of Tn-ioxg¿ but some indication of the effect of temperature on the

interaction of Tzioxg,s and SAA can be obtained from Force and

Messengerts (1964a) studies at constant temperatures in the

laboratory. They found (ibid) that the innate capacity for increase

(rr) of T,zioxg's was highest (0.48 per day) at 26-7 oC; it then

decreased to 0.43 at 2g.4 oC and it vras negative at 32.2 oC. By

contrast, the values of r, for SAA were lower than those of TnLoxg's
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at all tenperature under 30 oC but at about 30 oC, the values for the

two species were equal and the trend 1Íne of r, Plotted against

temperature llas stil1 increaslng for SAA at 30 oC but it *." åLpping
t

sharply f.or Tn)oxg't,

The field census dat'a (Tables 5, 6, and 7) have also

indicated that even with abundant predators, Tnloxgd did not prevent

the SAA nurnbers Ín this period of the year to reach far above

economic threshold densiLy of 1200-1800 aphids per 30 sterns (Allen

1978,1982).

(C) Ttre Impact of Predators plus Tn-ioxg.s

(treatnents C and F versus'treatnent A)

C, nzpandn plus 7, conplana.tt s were the commonest natural

enenies observed in the study field during the period of this

experiment. The other natural enemies were syrphids and chrysopids

which were present in small numbers.

To test the impact of predators and Ttuloxg¿ on SAA the

sqrts of numbers of aphids (Y) in the partly open cages (treatnent C)

are regressed on the numbers of days (X) fron the start of the

experiment. The points are plotted in Figure 24.3 a¡d the analysis

of regressÍon, which was significant, is given in (Appendix Tables

13C), The line: sqrË Y = 1.6538 + 0.8061 X (r = 0.792, P<0'001)

was fitted to the data and its slope of this regression was then
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compared to that of the regression for fine gauze cages with no

natural enemies (treatnent A) (Appendix Table 16) and found to be not

signifícantly different. So predators plus Tzioxg's can be inferred

to have had no significant influence on the SAA population during the

períod of this experiment (summer). The nunber of aphids in

treatnents (C and F) increased above that of economic threshold

density of 45 aphids per 9 leaves (Nielson and Barnes 1961, Hanson

1961) (Tab1e 10.2); a mean count of 415 and 499 SAA per 9 leaves

being recorded in treatment C and in treatment F :espectively on day

25 af.tet the start of the experiment.

The lack of influence of predators p1us Tn-LoxAá íî tl:,.e

partly open cages (treatrnenÈ C) was reiflected again by the poor

condítion of the plants of this treatment which seemed to be only

slightly better than those in the fine gauze cages (Figure 21.3 vs

Figure 21.1). The plant condition of treatment F (Figure 21.6) also

reflects the lack of influence of predators and.Tn)oxA'5 aE initially

higher aphid density; it shows that the conditions of plants of

treatment F are very similar to those of treatment A (Figure 21.6

versus Figure 21.1).

The low inpact of C. nzpandn (the rnost conmon predator

species during the period of this experiment) on the increasing SAA

population in this period of the experiment is not fully understood

since the species is usually nost active at the higher tenperatures

of summer. One possible reasoá for the low impact of C. nz.pand.a in
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thls period of the season was perhaps the activity of their

hymenopterous parasÍtoids, DinocatnPl¿á (=Perilitus) coccine-tloe-

(Schrank) (Braconidae) and Tefuza'st)chu't sp. (Eulopidae), which are

usually active from laLe spring (November) to rnid summer (January).

Dinocanpu.s and Teltza¿L¿cluLt are adult and pupal parasitoids,

respectlvely, of many coccinellids species; their identificatíon was

conformed by Dr I. Naumann, C.S.I.R.0. Canberra).

The bÍology and ecology of these two parasitoids of

coccinellids in South Australia are not known but a parasitized

adult C. ne.panda is gradually less active so the reduction of its

predation capacity is expected. tlright and Laing (1978) reported

that, in Canada, Dinoconpu¿ ís thelytokous, has several generations

per year, and overwinters as. first-indtar larvae wÍthin adult

coccinellids.

The impact of the parasitoids on c, 'zzpanda populatÍons in

South Aust.ralia is not c1ear. But Ridland and Berg (1978a) reported

that about 257" of pupae of C. 'zz.pando collected in February in

Victoria h'ere parasitized by TeltzazLicj¿u's and ín New Zealand the

incidence of parasitisrn by D-inocanpu's on overwintering

C,unì-dz.ü:npttncLaÍa has been estimated to be as high as 95Z" (J-4.

I'Iightnan, DSIR, Chrischurch, N.2., pers. comm.).

(D) The Inpact of Ants

(treatnents D and E versus treatnent A)

There h'ere at least 3 species of ants in the study field

during the period of this experiment. They were all native to
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Australia and identified (to genus leve1) by R.l^I. Taylor and P.J.M.

Greenslade of csIRO canberra and Adelaide respectively as

In)-d.ongnnzx..sp. (Dol-ichoderinae) , PanafnzctLina sp. (Fornicinae), and

Phùrlo!¿- sp (Myrmicinae). Ini.d.ongnnzx (Figure 25) was found to be

the rnost abundant specÍes, and Phüd.o!-e. was the least common.

(i) Fron the start of the experinent (t'reatment D)

The ants dere seen removing the aphids from the

experinental plants and were primarily or totally responsible for the

great reductÍon of aphid numbers on the plants of treatment (D)

(Table 10.2). The sqrt of number of aphids (Y) in this treatment

was plotted against the number of days (X) fron the beginning of the

experiment in Figure 24.4; the linear regression was not significant

(Appendix Table 13D). So the reduction in the growth rate of the SÀA

in this treatment thaÈ can be attributable to the inpact of ants

could not be estimated fron regression coefficient. However, the

reduction in numbers of aphids in this treatment by ants can be

estimated roughly fron the nean number of aphids on day 25 after the

srart of the experiment (Table 10.2) as [(754-49)/754] x 100 = 9t+7o .

PoterítìaL
This huge reduction in the^nunbers of aphids was reflected by the

condition of the plants of this treatment (Figure 2I.4) which were

narkedly beLter than those of the other treatments.

A few ants were continually present on plants of this

treatment at any sanpling occasion (Table 12). They were such good



Figure 25.

Inzi.d.omgnmz-u sp. found in the study field in suruner I982/L982 (L)

and in autumn 1983 (2).
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Table 12. Total numbers of ants in 3 replícates observed

on plants of treatments (D) and (E); parasitoid-predator

exclusion experiment II, 4-29 Janttary (autumn) 1983.

Days

4.

Treatments **

(D) (E)

7

L4

18

19

2t

25

3

4

3

few

2

10

0

0

0

hundreds

2

2

* ttDaysrr=numbers of days after the start of the experiment.

** Treatments:

(D)= Fine cages with'no fluon, and

(E)= Fine cages plus fluon until day 18 and by day 18 the

fluon was removed and the cages were partly opened to

allow the natural enenies to be able to reach the

aphids.
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predators that the mean SAA numbers on day 14 after the start of the

experiment ùras less than half of that ínitÍally seeded on the plants

(Table 10.2). However, when the SAA nurnbers became very 1ow, the

ants seemed to reduce their activity so that the aphids could

increase slightly in numbers. It is shown in Table 12 that the

number of ants on treament (D) was less than 5 when the mean number

of aphíds on thÍs Èreatrnent was below 25 (Table 10.2) but when the

nean number of aphids increased 2 fo1rd, fron 23 to 49 the number of

ants increased 5 tines fron 2 to 10 (see subsection (ii) below for

other evidence). Such activity of ants reflected the activiLy of an

effective species of natural eneny since it regulates its orì'n average

numbers at 1ow level by regulating the prey numbers at 1ow density.

(ii) afterexposure to ants on day 18 (treatment E)

In treatnent E, ants were excluded for the first 18 days so

that no ants were seen on the p1-ants (Table 12). The cages were

then manipulated to allow predation by ants when the mean number of

aphids per 9 leaves on the plants had increased to 653 (Table 10.2).

The following day (day 19) hundred of ants were seen on the plants

(Table 12) and by day 21 a nean of only 3 aphids per 9 leaves was

left. This vast reduction in aphið numbers occurred whilst the

aphid nunbers in the fine gauze cage (treatrnent A) and in treatrnent F

(exposed to all natural enemies except ants after day 18) were still

increasing (Table 10.2), so there can be no doubt that the ants were

solely responsible for the predation in treatment E. And againt
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afËer the aphid numbers had dropped to *S ro* number' very few ants

rrere seen on the plant on days 21 and 25 (Table 12).

The huge reduction in the numbers of aphids in treatment

(E) was reflected again by the condition of the plants of this

treatment (FÍgure 27,5) which was better than those of all other

treatments except that of treatment (D) in whÍch ants were allowed to

prey on the aphids from the beginning of the experiment.

The influence of ants can further be evaluated by

comparing the plant conditions in treatment (E) and those of

treatment (F) in which the aphids were protected from ants and other

natural enemies until day 18 and then were exposed to predators plus

Tn-Loxgz but were still protected against ants; they show that the

plant conditions of treatment F was markedly hrorse than those of

treatment E (Figure 21.5 versus Figure 2L.6). Thus it can be

concluded that there was no effect of predators plus Tn-Loxga afLer

day 18 and so that the reduction in aphid numbers must have been due

to ants.
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(3) Experinent III ; 28 ApriL-23 l{ay (autunn) 1983.

Hethods

The methods of this experiment were the same as those of

tfexperiment flrrdescribed in Section 5.2.4(2) except that the top of

each cage Í¡as covered wÍth a clear plastic sheet, as shown in Figures

19.5 and L9.6, because more raín fal1s in autumn than in either

spring or summer. Rain has been reported to caus: high mortality of

adults and older nymphs of the rose aphid, (lactzo'siphun zo'so-e. (L.)

(Mae1-zer 1977), and the plastic cover was inÈended to minimize the

effect of rain on the aphids in the cage.

The treatments in this experiment were the same as Ín

experiment II, narnely the treatment A to F described in Table 6 and

comprising:

A : fine gauze cages plus fluon on the pots to exclude

parasitoids and predators and ants.

B : coarse gauze cages plus fluon on the pot to exclude

predators and ants but not parasitoids.

C : partly open cages plus fluon on the pots to exclude ants.

D ¡ fine gauze cages and no fluon on the pots to exclude

parasitoids and predators but not ants.

E : fine gauze cages plus fluon to exclude all natural enemies

until day 18 from the beginning of the experiment when the

cage was partly opened and fluon \das removed so that all

natural enemies were able to reach the aphids.
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F : fine gauze cage plus fluon to exclude all natural enemies

until day 18 from the start of the experiment when the cage

was partly opened but fluon was not removed so that all

natural enemies except ants were able to reach the aphids.

The details of the methods of the experiment are described

in Section 5.2.1.

Results and Discussion

The total numbers of SAA per replicate for each treatment

on each of the numbers of days after the start of the experiment are

shown in Tables 13.1 and the mean numbers per treaLment are given in

Table 13.2. The data in Table 13.1 were transformed to square roots

and then are plotted against the numbers of days after the start of

the experiment in Figure 26 ; and in Appendix Tables 19 and 20 are

given the analyses of variance for testing the significance of linear

and curvilinear regression respectively for each treatment. As in

experiment II none of the relationships were significantly

curvilinear (Appendix Table 20) but all were significantly linear

(Appendix Table 19). The statistics for the linear regressions are

given in Table 14.

In this experiment, the comparison of the condition of

plants of all treatments will not be described because they all

looked the same, i.e. there v¡ere no differences Ín condition.
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Table 13 1. Numbers of aphid per 9 trifoliate leaves of lucerne

plants ofdifferent treatments (cages) on each date of sarnpling;

parasitoid-predator exclusíon experiment III, 28 April-23 May

(autumn) 1983.

Days

*

7

L4

18

2T

25

Days

*

*ttDaystt = numbers of days after the start, of the experiment.

**Treatnents:
(A) = fine cages * fluon;
(B) = coarse cages + fluon;
(C) = partly open cages * fluon;
(D) = fine cages with no fluon;
(n) = fine ca[es + fluon until day 18 and then were opened to

natural enemies;
(F) = fine cages * fluon until day 18 and then were opened to

natural enemies other than ants. See for details in Section
5.2.L.

7

L4

18

2T

25

Treatrnents (A-F)** and Replicates (I-III)

cBA

I II IIII II IIII II III

43

70

t02

103

98

67

61

9s

69

97

30

L37

LLz

120

9s

31

87

183

L73

322

34

80

119

104

224

66

7L

107

94

92

62

L57

22L

190

399

56

101

181

161

34L

49

111

1s8

269

444

FED

I II IIII II IIII II III

4s

279

26s

168

374

77

105

tL7

168

250

31

59

t73
177

1s4

75

119

2TT

259

302

59

L26

253

203

t+2I

43

7t

134

106

109

58

69

L99

116

249

55

47

181

221

354

51

89

t57

r99

222
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Table I3.2. Means of data in Table 13.1

Days Treatnents**

(A) (B) (c) (D) (E) (F)

7

L4

18

2l
25

56

L23

187

206

394

44

79

136

t24
2L3

47

89

103
'97

97

55

68

t79
t79
275

s9

105

L99

189

277

51

r28
185

185

259

N.B. Economic threshold density of SÂA = 45 aphids per 9 leaves.

*ttDaystt = numbers of days after the start of the experiment;

** Treatments:

(A) = fine cages + fluon;
(B) = coarse cages + fluon;
(C) = partly oPen cages = fluon i
(D) = fine cages with no fluon;
(E) = fine cages * fluon until day 18 and then were oPened to

natural enemies;

(F) = fine cages 1t fluon until day 18 and then were opened to

natural enemies other than ants.
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Table 14. Statistics for linear regression of the growth

rate of SAA on the number of days after the start of the

experiment ; parasitoÍd-predator exclusion experíment IIÏ,
28 April-23 May (autumn) 1983.

Treatments* Intercepts Slopes (r) (P)

(A)

(B)

(c)
(D)

(E)

(F)

2.t47L

3.5273

6.234Q

2.8075

4.2260

4.0330

0.6413

0.4064

o.r723
0.5254

o.4747

0.4718

0.938

0.784

o.652

0.888

0.759

o.792

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

* Treatments :

(A) = Fine gauze cages + fluon;
(B) = Coarse gauze cages + fluon:
(C) = PatrlY oPen cages * fluon;
(D) = Fine gauze cages with no fluon;
(E) = Fine gauze cages + fluon until day 18 and were then

opened to natural enenies; and

(F) = fine gauze cages + fluon until day 18 and r+ere then

opened to natural enemies other than ants.
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(A) The Grovth Rate of SAÂ (treatnent A)

Even in the absence of natural enemies (i.e. i-n the fine

galJze cages) SAA did not increase as rapidl-y as in the summer

experiment (Figure 26.I). The mean number per sample of 9 leaves

was 394 on day 25 after the start. of the experiment (Tab1e 13.2) and

the growth rate in numbers from day 7 to day 25 after the start of

the experiment was 4.0 times, derived from fitted line sQrt Y =

2.347!.+ 0.6413 X (r =0.938, P<0.001) (Table 14)). In the summer

(experiment 1I), the rate of íncrease was estirnated as 10.9 from day

7 to day 25 (Section 5.2.4 (2A)).

The relatively slow growth rate of SAA numbers during this

autumn experiment. was due of course to the low temperatures during

the the experiment when the mean daÍly temperature was 15.2 oC in

contrast to the spri-ng experiment with a mean temperature of 19.1 oC

(Appendix Table 23) and the sumrnet "*p".itent with a mean temperature

of.2I.1 oC (Appendix Table 25). As with other aphid specÍ-es the

nean productivity of SAA declines as the temperature decreases

(Messenger and Force 1963, Hughes and Roberts 1978).

(B) ltre Inpact of. Tünxgs

(treatnent B versus treatment A)

Both mummÍes and adults of. Tzioxg¿ !/ere common in the

study field from. the beginning of the experiment. A nummy of

TøLoxg's was first recorded in treatment B on day 14 fron the start



Figure 26.

Growth rates of SAA in different types of cages in autunn 1983

exclusion experiment (expt.-III) :

(1) fíne gatrze cages,

(2) coarse gauze cages,

(3) partly open cages,

(4) fine gaÍze cages but ants were allowed aciess to aphids

on plants,
(5) fÍne gavze cages as in (1) but only until day 18 from

the start of the experiment. Then the natural enemies

(parasitoids, predators and ants) were allowed access

to the aphíds,

(6) as for treatamenL (5) excepL that ants were prevented

from reaching the aphids on plants.

The regression lines were obtained by plotting the nunbers of
live SAA (expressed as square roots) per sample of 9 trifoliaLe
leaves against the numbers of days of sampling. The horizontal
doLted lines denote the economic threshold density of SAA (= 45

aphids per 9 leaves of lucerne)(Hanson 1961, Nielson and Barnes

1961).
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of the experiment. However the female of Tn-íoxg's may have

discovered and parasitized the aphid soon after the experiment

started because it always develops nore slowy at lower temperaLures

(Force and Messenger 1964b). By day 21 murnmies of TnLoxA'; were vety

common in treatment B.

The sqrts of aphid numbers (Y) in the coarse gauze cages

(treatment B) are plotted against the nunbers of days (X) after the

start of the experitrènt ín FÍgure 26.2. The relationship r,¡as linear

(Appendix Tables 198 and 208) and was described by the line sQrt Y =

3.5273 + 0.4064 X (Tab1e 14) The slope of thís line was then

compared to that of the fine gauze cages and was found to be

significantly smaller (Appendix Table 21). So Ttz)oxg,s could be

inferred to have reduced the growth rate of the SAA.

The percentage reduction in the rate of increase of the

aphids numbers in the coarse gauze cages thaÈ can be attributed to

the irnpact of T¡¿ioxA^ carì be estimated from the regression

coefficienrs (Table 14) as [(0.6413 - 0.4064)/0.6413] x 100 = 377. .

Despite this reduction, TnLoxg,s was again unable to keep the SAA

numbers below economic threshold density (45 aphids per 9 leaves).

An average of 2L3 SAA per 9 l-eaves was recorded on day 25 after the

start of the experiment and had caused the lower leaves of the plants

to yellow. The failure of Ttuloxgz during the course of this

experiment nay have been due to the prevailing low temperature in

the period of this experiment during which the ninimum temperatures

alnost always dropped below 15 oC and even below 10 oC on several
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occasions (Appendix Table 25). Force and Messenger (1964a) reported

that ín tenperature under 15 oC, the SAA may be capable of surpassing

the innate capacity of Trt-Loxg'5. These authors also reported that.

1ow temperature was able to increase larval mortality of Trz-ioxg,t

(Force and Messenger 1964a).

(C) The Impact of Predators p1:rts Ttuinxgd

(treatnents C and F versus treatment A)

(t) From the start of the experiment;

treatment C versus treatnent A

The sqrts of numbers of aphids (Y) in the partly open

cages were regressed on the numbers of days (X) after the start of

the experiment in Figure 26.3. The relationship was linear

(Appendix Tables 19C and 20C) and line sqrt Y = 6.231+0 + 0.1723 X

(r=0.652, P<0.001) was fitted to the data. The slope of this line

was then cornpared to that of the finå ga,rre cages (Appendix TabLe 22)

and shows that the slope of this line was significantly smaller than

that of the fine gauze cages.

C, nepand.a arrd 7, conplana-Í.ua were Lhe commonest natural

enemies found in the study field during the period of this

experiment; a few n, Ía¿nnniaz- were also observed but only in the

third week after the beginning of the experiment, and may have been

responsible for a snall fraction of the reduction of aphid nunbers.

The percentage of reduction of the aphíd growth rate in



92

the partly open cages that can be attributed to the impact of

predators p1:us Tn)oxA^ caî be estimated fron the Lwo regression

coefficients (Table 14) as ((0.6413 - 0.1723)/0.6413) x 100 = 737" .

Then, since TnLoxg,s alone was estimated to cause a 377" reduction (see

Subsection (B) above), the predators can be estimated to have been

responsible for another 73 - 37 = 36% .

(ii) efterday 18 (treatment F versus tretamnet A)

The Ímpact of predators plus T'zioxg's 1n the cages that

were protected from all natural enemies until day 18 and were exposed

thereafter to natural enemies other than ants can be estirnated by

comparing the slope of the fitted regression line of treatment (F) to

that of treatment A (fine gauze cages). The anal-ysis (Appendix

Table 23) shows that the slopes were not statístically different.

The lack of significant reduction may have due to the predators and

Tn-Loxg't not being allowed a sufficient time to act upon the aphid

population.

(D) Ttre lnpact of Ants

(treatments D and E versus treatment A)

(i) From the start of exPeriment;

treatment D versus tretament A

The sqrts of nunbers of aphids (Y) ín treatment (D) (i.t.

fine gauze cages with no fluon, t.o exclude all natural enemies except

ants) are plotted against the numbers of days after the start of the

experiment, in Figure 26.4. Again, the relationship was linear



93

(Appendix Tables 19D and 20D) and the line sqrt Y = 2.8075 + 0.5254

X was fitted to the data. The slope of this line was then compared

to that of the fine gauze cages (Appendix Table 24) and found to be

not statistically different. So unlike experiment II ín which ants

caused a huge reduction in aphid numbers, ants in this experiment

seemed to have had no influence on SAA numbers.

(1i) After exposure to ants on day 18;

treatmenL E versus treatment A

The impact of ants can also be estimated from the

comparison of numbers of aphids in treatment (E) with those of

treatnent (F) in which the aphids were protected from the ants and

other natural enemies until day 18 and then exposed to predators and

Tn-Loxg's but were sti11 protected against ants. The slopes of the

regression línes are so sinilar (Table 14) that no tesÈ is necessary

to tell they are not different, and the similaríty of the slopes

supports the conclusion above that ants exerted no influence on SAA

numbers.

Direct observation supported the conclusion from the

treatment above that, in conLrast to experiment II [Section

5.2.4.(2D)], there l{ere very few ants in the study field during the

period of this experiment. The reason for this scarcity of ants is

not understood. One possíble factor that reduced the number of ants

l-n the study field was heavy rains that fe11 in March and April 1983'

i.e. in Ëhe 2 uronths before the the start of the experiment. Thus

Table 15 shows the month in which each experÍment was done,



94

Table 15. Relative occurrence of ants ln relation to raínfall
before each of the parasit.oid-predator exclusion experiments;

November 1981 to MaY 1983.

Sort of Experiments

Pilot experirnent. I

Pilot experiment II

Experiment I

Experiment II

Experirnent ÏII

0ccurrence

of ants
Monthly

ainfall (mm)

Month

and year

+( )

+( )

+( )

+)(

(-)

35.6

26.8

24.6

7.0

54.2

8L.2

63.2

62.6

38.6

24.6

32.O

16.0

3.4

L3.2

22.4

1.8

105.6

99.0

76.6

Novenber 1981

Decernber

January 1982

February

March

April
May

June

July
August

September

0ctober

November

Decenber

January 1983

February

March

April
May
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the monthly rainfall over the period of the experimentation and the

relative occurrence of ants durÍng the course of each experíment.

As mentioned above ants were rare in May 1983 after 2L4.6 mms rains

in the previous 2 months. By contrast, the total rainfall during

the 2 months before the start of each of the other experiments was

never greater than 62.4 mms in Novenber and Decenber 1981. The high

rainfall in March-April 1983, before the starÈ of experiment IIIr mâY

reduced the numbers of ants by either causing high rnortality through

drowning or by causing the ground to be unsuitably wet for nesting

(Greenslade 1979).
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5.3 Chenical Exclusíon of Natural Enemies

E:cperiment IV; 8 March-l9 April (autumn) 1983

5.3.1 Introductíon

The insecticidal-check method has been used widely for

demonstrating natural.eneny effectiveness. If applied stríngently

enough, it might serve as an exclusion method (DeBach 8L o-!-, 1976).

As used, it differentially ki11s and so reduces the efficiency of

natural enemies, resulting in an increase to a higher number of the

pest species, and thus shows that the natural enemies were

responsible for controllíng the pest..

The chemical selected must exhibit a marked differential

adverse effect upon the pest, species as contrasted to the natural

eneny. Dffi, due to its usual relative ínnocuousness to red spider

nites, scale insects, aphids, and mealybugs, and its great toxicity

to nany hymenopterous parasitoids and ladybird beetles (DeBach and

Bartlett 1951), has been most widely used in this context (DeBach

Lg46,1955, Huffaker el al, 1962, DeBach and Huffaker 1971). For

þDT
the same reason ÈHf was, therefore, selected for use in this

experiment to determine the effectiVeness of the naLural enemies

attacking SAA.

5.3.2 Materials and Methods

There were 3 treatments namely (i) 1000 g a.i. DDT/ha,

(ii) 500 g a.i. DVI/ha, and (iii) untreated check; each treatment
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was replicated 3 times. The plot size was 10 x lOm wíth a 5 netre

wide buffer zone seperating each plot to reduce cross-contarnination

by spray drift and to provÍde easy access for sanpling etc. All

sprays were applied in 300 lítres water per hectare with a ttSQLOtr

mistblower. The sampling and spraying Íntervals are shown in the

dÍagram below. The first spray was made on 9 Maròh 1983 one day

afÈer the first samPle was taken.

[ùeelcs

8/3

2

t
+

22/3

0

+

1

+

3

+

4s
tt
+t

s/4 L2/4

6

tt t +

19/ 4

The nunbers of SA.A and its natural enemles on each plot

were estimated from a sample taken by a ttD-vacrr suction sampler

(Figure 4.4) (Dietrick 1961). Aphids and natural enemies were

vacuumed from 9 spots selected randomly across the plot. The

catches were pooled ín a plastic bag and returned Èo the laboratory

where aphids and natural enemies l,{ere removed by washing in 70 oC

rrrater. The water was then filtered through 4 series of brass sieves

of decreasing mesh sizes. A piece of fine voile was placed at the

end of the fÍnest seive to retain the first instar nyrnphs of SAA and

other small insects species such as secondary parasitoids. If the

number of aphids in the catches was too high, a subsample, as

decribed in sectiot 3.2.2(!), was taken to reduce tine of counting'
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Only the number of aphids vras counted from subsamples; the nurnber of

parasÍtoids, secondary parasit,oids and predators were recorded from

the whole samples.

The experiment was conducted in a rrHunter Riverrt lucerne

fÍe1d at the Waite Institute from I March to 19 April (autumn) 1983

during which time both the aphíds and their natural enemies were

expected to be common in the field (see Figures 5,6, and 7).

5.3.3 Results and discussion

Numbers of sAA, prinary and secondary parasitoids, and

predators at each sampling date are presented in Tables 16.1 and 16'2

below. The data show that the aphids increased very rapidly on the

untreated plots. Their numbers reached 25rL32 per sample at 6 weeks

after the start of the experiment. By contrast, there were only 51

)]ri'
and 21 aphids on 500 g DDT and 1000 g EFf plots respectively. This

result was the opposite of that expected and the gpposite of those
DÚ

cases where DIT has been applied to horticultural crops infested with

pest and natural enemies e.g. Ebeling (1945) on red nite and

aphid-infested citrus trees, Griffiths and Thompson (1947) on

scale-infested citrus trees, DeBach (1955) on cottony-cushion

scale-, mealy brg-, yellow scale-, and two-spotted mite-infested

citrus trees, Huffaket el a-(.. (1962) on olive scale-infested olive

trees. In all those cases pest numbers on the DDT-treated trees

increased more rapidly and to higher numbers than those on
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Table 16.1. Esrimared numbers of sAA (A) and TnLoxga (B & C)

and secondary parasitoid (D) on untreated and DDT-treated plots

in 3 replicates. Chemical exclusÍon experiment, I March to 19

April (autumn) 1983.

Date of
sampling

8/3

22/3

sl4
L2/4

L9/4

8/3

22/3

sl4
L2/4

L9/4

oDT/hatuT/ha

500g 10009

Untreated
plots

500g 1000g

Untreated
plots

(B) TLLoxg'y (adults)

(D) Detfunezruus

7

1

2

4

3

0

0

I
0

8

I
4

2

2

1

0

2

0

2

2

0

I
33

4t
24

0

40

320

208

290

(C) Tzioxg¿ (numies)

(À) The SAÀ

0

1

0

0

0

0

3

8

1

13

0

T2

6

16

2L

0

s41

9sI2

L5697

25132

1

43

496

190

51

0

6

29

LLz

126
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Table 16 2 Estinated nurnbers of secondary parasitoids (E) and

predators (F, G, H, and I) on untreated and DDT-treated plot's in

3 replicates. Chemical exclusion experiment, 8 March to 19

April (autumn) 1983.

Date of
sampling

8/3

22/3

sl4
L2/4

tel4

8/3

22/3

sl4
L2/4

te/4

8/3

22/32

sl4
t2/4
Le/4

DDT/haDDT/ha

10009500g1000g

Untreated
plot

500g

Untreated
plot

(F) C,nz.¡wdn

3

I
0

0

0

1

0

0

0

0

0

2

1

0

2

(E) Spiders

8

31

34

29

25

L4

t4
11

15

6

7

5

6

8

5

(E) P oclry nelu?t n+ ALb xi.stn.

(G) /{. taawtinz

0

0

0

0

I

0

0

0

1

1

0

I
1

1

0

0

0

I
1

0

0

0

0

1

I

(I) Ants

23

25

19

10

37

1

7

I
7

16

0

4

16

5

6

23

L7

4

7

15
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the untreated trees.

The results indicate a hugely reduced numbers of SAA (A in

the table) in the DDT-treated plots as compared to the untreated

plot. So, too, the nunbers of Tn-ioxg's adults (B) and nummies (C)

were much lower in the DDT-treated plots, as vlere also the nunbers of

secondary parasitoids (D and E) and of spíders (H) and ants (I). The

numbers of C, ne.patti.a (F) and /f. La¿nani-az (H) were too low in all

plots to compare.

The results clearly indicate therefore that DTT

drastically reduced the nnmbers of SAA and also significantly reduced

the numbers of parasitoids, spiders and ants. It is also of

interest to note that an almost total suppression of the parasitoids

was achieved with the lower dosage of DDT, and that the larger dosage

of DDT clearly depressed further the nunbers of aphids and of spiders

but not ants.

Tables L6.2 and 16.2 also indicate that DDT aplications'

even at the higher dose, did not eradicate natural enenies fron the

treated plots.
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6.1 Introduction

It is generall-y agreed that the quantification of

parasitoid effectiveness is not simple because it is a dynamic

phenomenon which is influenced by many interactíng factors. As Stary

(1970) has pointed that tt...the effectiveness of a parasite in nature

is no constant or even a specific feature: potent.ial rate of increase

is surely specific, but it depends on the environmental forces

whether the parasite may realize this raterr.

Factors affecting the effectiveness of a parasitoid have

been described by many people (Dout.L 1964, Hodek el a!. L972,

Huffaker eL ol, !976,L977, Knipling 1977, Stary L966, Ullyet't 1949,

van den Bosch and Telford 1964). Perhaps the best. description is

gÍven by van den Bosch and Telford (1964) and then cornpleted by Stary

(1970). The latter author be1íeves that parasitoid effectiveness is

a result of the interaction of the intrinsic features of the

parasitoid species with the physical and biologícal properties of the

envíronment and its stability and relative permanence.

Much information about the intrinsic features of Tøioxg's

conplana.ta's has been obtained from laboratory studies (Force and

Messenger L964a, I964b, 1965, 1968, Hughes 1978, Messenger 1964,

Schlinger and Ha1l L959,1961). It appears to indicate that Tnioxg,s

could be an effective biological agent for the SAA. However,

evidence given in Chapters 3 and 5 suggests that during the course

and tíme of this study Tn-ioxg,t failed to keep SAA population under
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the economic threshold density. Could both biotic and abiotic

factors have then contributed ín some degree to the reduction of

Ttt Loxg.s ef fectiveness?

The field census data as well as the field experimental

data (Chapters 3, 4 and 5) have indicated that the following factors

may have contributed to the reducLion in the effectiveness of

7n-ioxg'lz

(a) the host and parasitoid density at the besinnÍng of the

aphid ttseasontt.

(b) the parasitoid sex-ratio

(c) the action of competitors, i.e. predators and secondary

parasitoids.

However, there are no published experimental reports of the

quantitative inpact of any of t.hese factors on the effectiveness of

TnLoxg,s' Some experiments were therefore done both in the

laboratory and in the field to corrgborate the earlier results and to

further explore the following aspects:

(í) the response of Tn-Loxg's to hosL density

(see Section 6.2 below);

' (ii) the effect of host and parasitoid density on the

sex-ratio of Trzioxg¿ progeny (see Section 6.3 below);

(iii) the impact of predation and secondary parasitism on

Tnioxg's abundance. (see Section 6.4 below).
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6.2 The Response of TnLoxg't to Host Density

Host and parasitoÍd densities per unit area are believed to

be inportant variables affecting parasitoid effectíveness (Knipling

!977, Stary 1966). Thus the number of parasitoids present in a given

area will determine the proportion of the area that can be searched

for host individuals and, in turn, will determine the proportion of

the host population in that area that w111 be parasitized.

Furthermore, the number of hosts that are parasitized governs the

number of parasitoids in the next parasitoid generation (the

so-called numerical response).

There are t!,to contrasting ways of investigating the

response of a parasitoid Èo different host densities (Hassell I97l).

Firstly, one or more parasitoíds can be confined to each different

host density for a constant period of time to determine the

inportance of factors such as the handling tirne and egg limitation.

Secondly, the parasitoids can be exposed to hosts so that they have a

choice of a range of different host densities at the sane time. This

latt.er nethod assesses the response of the parasitoid to different

host densities which are distributed unevenly in discrete units.

Hassell (L97L) emphasized the importance of host distri-bution when

evaluaEing the searching efficiency of Neneni-t)'s cctnz'5ea-n,5 (Grav.), a

parasitoid of the larva of the alnond noth, tphz.st)o coufu-!.ln '

(Irfalk.). He stated that ff.... the outcome of a parasite searching

for hosts which are more-or-less contÍnously distributed in space is
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like1y to be very different than when hosts are distributed
útl--\'

discontinãus1y in clumpstt. A discontinous distributÍon of hosts in
k-'l

the field is to be expected for SAA because of the variation of SAA

within and between plants, and it is more realistically represented

in the laboratory experirnents by allowing a parasitoid to have a

choice of many host densities at the same time. So this method of

varying host density was used in this study.

The aim of the first experiment described here as

experiment V, was to determine whether Tnioxg¿ possesses the ability

of a regulatory species as described by DeBach and Snith (1941b),

that is, if it had, within certain li.mits, the ability to destroy a

greater portion of the host population when the density of the host.

is high than when it is 1ow.

6.2.L Experiment V

Response of Tninxgd to Host lÞnsity and Distribution

(1) Materials and Hethods

The host aphid and parasitoid used ín this experiment were

obtained fron the laboratory culture described in Sections 2.2 and

2.3. Tn-Loxgd conplana.ttt's Ís an arrhenotokous endoparasitoid;

superparasitsm ís common (Force and Messenger 1965, Schlinger and

Hall 1961) but only one parasitoid reaches maturity. Supernumerary

larvae are apparently killed by physical combat or adverse
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physiological conditions (Schlinger and Ha1l 1961).

The treatments were different Tn-Loxg,s densities varying

from 1 to 16 females per cage. In each cage the TaLoxg¿ were

presented with 240 aphids of lst and 2nd instar nymphs which were

distributed unevenly within the cage on 9 stems of lucerne as

follows:

- 4 stems initially with 10 aPhids;

- 2 stems initially with 20 aphids;

- 2 stems initially with 40 aphids; and

- I stem initially with 80 aPhids.

The positíon of each stem in the cage was chosen ramdomly.

The type of cage used in this experiment is shor+n in

Figure 2.1. The cage was 25 x 25cm (base) x 40cm (height); it had a

wooden floor and metal rod frames for the sides which were covered

with fine nylon gatrze (242 holes/cnz¡. The top of the cage was

covered with a piece of clear Perspex. Nine holes, each 3 cm

diameter, l¡ere drilled in the floor of the cage in a 3 x 3 pattern

and an excised ttHunter Riverrr lucerne stem was put through each hole

into a vial of water below (Figures 2.L and 2.2). Each stern plus

vial was then placed within a wider 50 ml plastic cup which acted as

an aphid trap because some of the aphids tend to drop when disturbed

by Tn-Loxg,s, A 1 cm band of t'fluontt r.¡as sneared around the inner top

sÍde of each cup to prevent Èhe escape of any SAA that fell. The SAA
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nymphs were transferred onto each lucerne stem using the nethod

descrÍbed in Section 2.3.

After emergence , Trz.ioxg,s females from the culture were

allowed to mate and to feed on honey solution for one day. Only

those fenales which noved actively and were about an average size

were select.ed for use in the experiment. The parasitoids were then

ratomized to obtained the different required densities of 1, 2, 4, 8,
,\

and 16 and each l-ot cf parasitoids was placed within a cage and

allowed to parasitize the aphids for 24 hours. There were 5

repl-icates of each treatment.

The highest density of 16 parasitoids per cage was higher

than one would expect under field conditions. However, trap data

from the I'dark trap" in Appendix Table 4 show that in the field

TnLoxg,s density reached 121 adults per trap whích is probably

equivalent to 15 parasitoids per cage of this experiment. The

deÈails of the experimental design are given in Table 17.

The experiment was conducted in an insectary at 22-26 oC

h'ith 502-60% RH and a 14-10 h L-D phoLhoperiod. Illumination r+as

provided from a bank of 10 white flourescent tubes set about 40cm

above the top of the cages. .

After the parasitoids had been removed, the aphids fron

each stem r{rere reared for several days until nummies were formed and
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TabLe 17. Details of exPerlment V

hlithin Treatnent:

25x25x40

Replicates

3

Treatments

Total
aphids

per

cage

Aphld distribution

No of stems with:
10 20 40 80

240 2142L1214r8116
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could be counted. Fresh excised lucerne stems were provided for the

aphíds every alternate day.

The number of hosts that L'ere parasitized in each

treatment was estimated from the number of hosts that h¡ere mummifÍed.

This value is probabl-y an underestimate because of mortality of early

stages of TnLoxg¿ larvae due to either superparasitism or natural

causes during Lhe rearing.

(2) Ilata analysis

Hassell (1982) discussed a variety of subtly different

measures of searching efficiency of a'natural enemy. He believes

that for precise evaluation of natural eneny effectiveness, it is

necessary to gather the followÍng information: (i) the host

distribution, (ii) the actual number of searching parasitoid, (iii)

the actual searching tirne per parasitoid, and (iv) the number of host

parasitized. In this present experiment, however, I have gathered

only the first and the last information because of technical

difficulty in observing the numbers of 7,,zLoxg,s searching and the

searching time of T'z-ioxg,s without disturbing the aphid and parasitoid

involved. The searching effeciency of Tn)oxA/5 was, therefore,

estinated by using the equation below in which searching tíme rrTsrr is

replaced by total period available for search, T = 1 (see

Hassell ,L982).
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vrhere, a

al

T

N

NI

p

a=arT=(hN-lnNt)/p

area of discovery of Nicholson (1933)

searching efficiency of Hassel (1969)

searching tirne = 1

the inÍtia1 host densitY, and

the surviving hosË densitY

the parasitoid densitY.

(3) Results and Discussion

The nurnber of hosts murunified at each initial host density

(=treatment) is presented in Table 18. The calculated area of

discovery per parasitoid density based on these data is shown in

AppendÍx Table 26 and in Figure 27 the 1og area of discovery is

plotted against Log |'zioxgz density. The response is obvíously

linear with a strong slope (or nutual interference constant as cailed

by Hassell, 1969)r IIt = -0.8181. It is clear that an increase in the

number of female Tttioxg,s in the cage could result a decrease in the

searching effeciency per indivídua1 parasitoid. This response is

probably due to the incidence of physical interference between

searching Tn-Loxga which increases wiÈh parasitoid density.

An inverse associatj-on between searching efficiency of a

parasitoid and its population density has also been denonstrated in
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I

Table 18: Nurnbers of ntnmified SAA on each of 9 lucerne stems ulth initial
densltles of 10, 20, AOt or 80 aphids together in a caqe (replicate) uhen

exposed lo 1 ¡ 2¡ 4, 8¡ or 16 Tnioxg'5 fot 24 houls. Each cage had an lnitial
total number of 240 aphlds (N). Atso glven is the nr-rnber of aphids that survive

(1.e. uere not parasitized) at each treatment (Nr; see text).

Reps.

(cage)

II

III

Initial host density TotaI

pel cage

N=240

Number of

surviving

host : Nl10 10 10 10 20 20 40 40 80

134

163

1?6

1e5

136

170

162

186

184

2U

1?5

1S4

183

200

201

70

?B

54

56

36

65

56

s1

40

39

106

77

64

4s

441B

1B

1

2

4

I

1

2

4

I

1

2

4

s

16

26

36

38

27

30

32

31

39

29

30

31

34

33

56

61

59

4t

49

58

5S

6g

45

54

56

59

58

24 21 24?

I
I
I
I

25 26 51

28

31

30

?97
6

7

I
I

s

7

I
I

6

I
5

I

30

29

29

33

3?

16

14

12

16

14

15

11

20

15

18

10

I
B

I
I

I
I

10

I
10

B

o

I
10

s

16 29

13 26

18 33

1? 30

20 32

19

16

12

1S

14

o

7

10

'l

B

10

10

10

s

I

19

18

18

1B

18

16

16

19

17

17

10

10

I
10

10

I
I

10

10

I

I
I
7

10

10



Figure 27.

RelaÈionship between searchÍng efficiency of. Tn-Loxga (expressed

as log area of dÍscovery) and 1og density of searching females of
the parasitoid.

Figure 28.

Interference test fot 7n-Loxg,t-SAA relationship (after Hassel

1969). The 1og k-.values for parasitÍsm are plotted against the

1og density of searchíng parasitoids as igther an independent or

a dependent variable.
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a wide range of insect par.asitoids (Huffaker and Kennett 1969 on

Nønøt-ä-s (Venturia) canz'sce.ns (Grav.), Ulyett L949a, 1949b on

Che-Lontt¿ Lexctnu,t Cress. and CtzgpÍ!.s nonnoÍu'r Pratt., respecLively)

(see also Hassell 1969).

Hassell (1969) proposed a statistical test to confirn the

occurrence of interference between searching parasitoids by plotting

the 1og k-value for parasitisn against the 1og density of searching

parasitoids as either an independent or a dependent variable. Each

k-values was obtained by substracting the 1og of the host density

afLer parasitism in the last column of Table 18 from the 1og of host

density before parasitism (=240) (Hassell 1966). The slopes of the

two regression lines are then cornpared with a hypothetical slope that
ilbtt = 1 ; they must show significantly lor,¡er of ttbtt = 1. The test

(Figure 28; Table 19) confírns that interference between searching

female T't-Loxga was clearly present IP(b-l)<.025)].

The numbers of hosts nummified at each 7'zLoxg's and SAA

density are presented in Table 20, and the k-values for parasitisrn

which were calculated from Table 20 are presented in Appendix Table

27. The behavioural response of Tnioxg¿ to host density at each

parasitoid density is ÍllusÈrated in Figure 29.1, in which the

k-values are ploËted against the SAA densities as the independent

variable (Hassell 1971). The responses of Tn)oxg¿ at each

parasitoid density h'ere inversely density-dependent (or

subproportional as called by Hassell,1966) with the slopes differing
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Table 19. Test of sÍgnificance of interference between searching

TnLoxgd where 1og k-value for parasitism (Y) is plotted against

Log Tn-ioxg.s denslty (X) as either an lndependent or a dependent

varlable (see Hassell 1969).

Regression of:
YonX XonY

15n

b

l5

sE(b)

d.f.

P(b-1)

0.1851

0.0343

2.38

<0.025

13

3.7320

o.6924

13

3.95

<0.025

T*

*T=(1.0-b)/sn
(b)



114

Tabl-e 20. The numbers of nurnnified SAA from Table 18 categorÍzed by

both different host density and parasitoid density. The total initial
number of aphids at each density in each cage i-s given in the 2nd

last column, and was used to calculate luhe 7' parasitism of the last

colurnn.

Nunber of
Ttt Loxg't

per cage

Initial host

density per

replicate

Nunber of host murunified

Replicate
I II III Total

Total Parasitisn
initial (7")

aphids

34

31

45

24

1 (10) x I'
(20) x 2

(40) x 2

(80) x 1

(10) x 4

(2o) x 2

(40) x 2

(80) x 1

(10) x 4

(2o) x 2

(40) x 2

(80) x 1

(10) x 4

(2o) x 2

(4o) x 2

(80) x 1

(10) x 4

(20) x 2

(40) x 2

(80) x I

32

35

56

47

37

35

58

4s

37

34

59

54

103

101

159

116

L20

t20
240

240

t20
L20

240

240

120

L20

240

240

t20
t20
240

240

8s.8

84.2

66.3

48.3

84.2

73.3

69.2

64.2

85.8

92.5

74.6

70.8

85.8

93.8

81.3

74.6

88.3

84.2

87.1

77.1

28

29

s6

49

33

30

65

58

34

32

54

s6

2

4

36

25

51

51

101

88

t66
154

I 36

29

67

61

29

35

61

59

31

34

7I
68

38

36

67

s9

36

37

60

s6

103

99

t79
170

103

100

195

L79

106

101

209

185

16 t20
t20
240

240

38

35

70

58

37

32

68

59



Figure 29.

Responses of Tu\oxgá to uneven host distribution. The k-values

for parasitism are regressed on the SAA densities. Each graph

shows the result obtained using a different parasitoid density.
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sÍgnificantly from b = 0; and the values of the slopes were plotted

against Tn-Loxg,s densities in Figure 29.2. The trend of the slopes

increased sharply from 1 to 2 TnLoxA¿ bvt flattened out then. The

flattening out of the slope after 2 Tnioxgd density was probably due

to the interference between searching Tn-ioxg't incteases as parasitoid

density increases.

The inverse response of 7'zi-oxg's to host density could have
of h-

resulted from each female of Tn-ioxgø parasitizing a fewer. SAA(
population when the density of the aphids was high then when it was

1ow. This finding is not consistent with the behavioural responses

of many insect parasit.oids as discussed by Hassell (1969). However,

the underlying cause of this phenomenon cannot'be explained by Lhe

data available.

There are at least two possible hypotheses to explain why

TttLoxg': showed an inversely density-dependent response behaviour:

(i) Tn-LoxAÁ may aggregate in areas of higher hosl density but the

total searching tÍrne spent by each parasitoid is proportionately less

in higher host density due to a strong interference between

searchíng Tnioxg,s as described above (Figure 28; Table 19), and (ii)

Ta.ioxg,s may search at random but handling tine of each parasitoid is

proportionately longer in areas of higher host density.
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6.2.2 E:rperíment VI

(1) Materials and Methods

Is was assumed that the inverse density-dependent response

of TnLoxg¿ described in dxperiment V above could be due to both or

either the following hypotyeses: (i) handling time per female

Tn-ioxg,s Ís proportionately longer in area of higher host density,

(ii) interference between searching parasÍtoids is stronger in higher

parasitoid density. In this experírnent 1ow parasitoid density (2

females of 7tt-ioxg,5 per cage) was used to reduce as far as possible

the inefridence of interference between searchíng parasitoids and

therefore the rfhandling timett could be test.ed seperately.

The materials used u'ere basically sinilar to those of

experiment V described in Section 6.2.L. The difference r{as only on

the nethod. In each cage ther. *.ré again 9 excised lucerne sterns

but only the niddle one (in 3x3 grids) infested with a particular

number of aphids. The other I stems had no aphids; so only the

centre sLem was enclosed with a plastic cup plus fluon as before to

keep the aphids from escaping fron it.

The treatments were differenL host density varying from 10

to 320 aphids (lst and 2nd instar nymphs) per cage. Each treatment

was replicated 8 times. The aphid was allowed to settle down for

24 h before two mated, one day old females of TnLoxg¿ r.¡ere introduced
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into the cage. The parasitoids Ìrere renoved after 24 hours and the

aphids v¡ere reared on freshLy cut lucerne stems and held for several

days until the parasitized aphids l¡Iere munmified and could be

counted.

The experiment was conducted in the insectary cubicle at

22-26 oC *ith 14-10 h L-D photoperiod and 50-60% RH.

(2) Results and Discussion

For this experíment the number of host parasitized at each

host. density is again expressed as number of host mu¡rmified. The

numbers are presented in Table 21 and the calculated k-values for

parasitism over all replicates for each host density are given in the

last row of the table.

The relationship between k-value and host. density as

independent variable is illustrated in Figure 30 and shows a similar

result to that of experi¡nent V above. The data in Table 21 also show

that the proportion of host parasitized decreases as host, densíty

Íncreases. Since the parasitoid in each cage vtere exposed to only

one particular host density and because there should have been

ninimal physical interference between two searching parasitoids

especially at the higher host densities, the subproportional response

of Tzioxg¿ to host density is likely to be due to the handling time

of females of T,z-ioxg.5 geL|'.Lng proportionately longer as host densiLy
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Table 21. Numbers of hosts mr¡rnrlfied in each of I replicates at different

host densities. TtÍo females of Tnion¿,1 urere confined urith the aphids ln
o

each replicate for 48 hours al 22-26 C, 14h L-D photoperiod and 50-60Í RH.

Replicates Initiat host density (per replicate)

10 20 40 80 160 320

I
il

III
IV

V

VI

VII

VIII

10

10

10

10

I
?

10

?

20

20

13

18

17

18

14

18

59

60

41

5?

6?

?0

T2

6''

125

104

1æ

s7

132

11S

134

103

69

94

198

131

111

21?

168

1S3

35

24

æ

40

40

30

32

u

Total

parasitized: 73 138 æ4 4S3 a3 1181

llean hosts

parasitlzed: 9.125 1?.250 33.000 61.625 115.3?5 147.625

üean hosts not

parasÍtized: 0.8?5 2.750 ?.000 18.375 44.625 1?2.375

f Parasitized: 91.3 86.3 82.5 T1 ,O 72.1 46.1

k-value*¡ 1.0580 0.861? 0.?570 0.6389 0.5546 0.268?

* k-value = log (initial mean host density - mean nunber of host g!
parasitized) = - Iog (proportion of host not parasitized).



Figure 30.

Relationship between mean parasitism (expressed as the k-value)

of Ttaioxg¿ and initial- SAA densiLy as an independent variable;
the relationship can be expressed as the linear function :

Y = 0.9147 - O.OO214 X (r = 0.940; P<0.05).
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increases.

The proportion of f dropped markedly at the

highest host densÍty (320 aphids per cage) from 0.72I to 0.461 (Table

21) suggesting Èhat the Tnloxga then nay have sufferred from egg

linitation.
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6.2.3 Experiment VII

(1) Materlals and Methods

The only variable in experiment VI r¡as host density; in

partlcular, each female TtuLoxg': was allowed to search for hosts for

on1-y 24 hours after mating. However, as is true of nany insects,

TnLoxg,t has its highest oviposit.ion rate immediately after eclosion,

and the rate then de-reases approximately exponentÍally to zero after

the earlier peak (Force and Messenger 1964a). It was of interest,

Eherefore, to determine the response of TnLoxg,s to host density when

Tn)oxg,s was allowed to search for different periods of time after

eclosion.

In this experimenL a fernale Tnioxg's r+as confined at each of

3 different initial host densities, namely 2, 4, and 8 newly adult

aphids per cage, and at each host density she was allowed to search

for one of 5 durations of time (=perÍod of exposure) varying from 1 to

13 days.

The inlEial ovipositÍon rate of Tn-Loxg's and the subsequent

trend of the rate with time are influenced by Lemperature (Force and

Messenger L964a). In previous tenperature studies, the daily

fecundity rate of Trvioxga decreased rapidly to zeto; and the higher

the ternperature, the more rapid the decrease to zeto. Temperature is

likely therefore to give a realisLic pattern of response of Ttt-Loxg's to

SAA only Íf Ít. is conparable to the mean temperature in the field.
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So in fact, the experiment was conducted in the fÍeld; and it was done

3 times - in early auÈumn, late autumn and summer- to determine the

effect, on the interaction of T'tíoxgt and SAA, of the nean

temperature then prevailing in the field. The 3 experiments are

label1ed VIIA, VIIB, and VIIC. Their details are summarízed in Table

22, A treatment of rfaphid alonett (i.e. no Tnioxg¿ in the cage) was

lncluded in experiments VIIB and VIIC (see Table 22) to compare the

growth rate of the SAA in the presence and absence of Tzioxg't,

All the lucerne stems used in this experiment were

initially sprayed with the insecticide rfPyrethrumrr to ensure that they

were free from aphids. The adult SAA were obtained from the

laboratory culture described in Section 2.2. The aphids for any one

aphid density were artificially introduced onto a sten of |tHunter

Riverfr lucerne in a cage. Each stem was then covered with a cage as

shown Ín Figures 31.1 and 3L.2. The cage was a modification of a

trspaghettifr container and had a Z.S cm diameter and 30 cm length; the

top and sides were covered with fine voile (242ho1es /.2) fot

ventilation. The aphids r,rere allowed to produce progeny for 48 hours

before a nated one day o1d female Tn-Loxg': was introduced into the

cage.

A destructive sampling technique was employed to obtain the

data for each replicate of the 15 conbinatÍons of 3 aphid densíties x

5 searching times. 0n each sampling day, the lucerne stem was cut at

the base and returned in¡nediately to the laboraËory where the

parasitoid was removed and the number of live as well as mumnifÍed
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Tú].e 22. Details of the 3 field experiments on the interaction of

host density and Tn-ioxg's searching tine (=¡frne of exposure).

ExpEs Calender

tine of

experiments

Initial

host

density*

Tn Loxga

density

Per cage

Period of Replicates

exPosure

(days)

VIIA

VIIB

WIC

24/3-8/ 4,r98L 2,

5/5-22/5,1981 2,

19/2-25/2,1983 2,

4

4

4 t

I
I
8

1

1

I
0

0

lr417r10r13

L,417,10,13

L ,4 ,7, 10, 13

3

3

3

* Initial host density = number of reproductive adult aphids per

cage.



Figure 31.

Type of the cage used in experiments VIIA, VIIS and VIIC.
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aphids was recorded. The live aphids from each stem of each treatnent

ffwÍth Trz\oxg's" were then reared on a fresh excised lucerne sten for

several days until mumnies were formed and could be counted.

(2) Experinent VIIA, (early autumn 1981)

(2.1) Results

Numbers of live and mummified aphids at each period of

exposure are given in Table 23 and the k-values ior parasitism were

calculated after Hassell (1969) as describerl before ISectio¡ 6.2.I

(3) l.

(2.1.1) Híssing value

There is one rnissing value in Table 23 because in that

replicate the lucerne stem wilted and many aphids died. So a missing

value was estimated as a k-value and inserted in App-endix Table 28.I.

The value was estimaled from the other values in Appendix Table 28.1'

using Pearcers (1965) nethod as follow:

Total of k-values of replicat.e Il plus the missing value m=6.4707+m

Total of k-values of row plus the rnissing value m = O.4228 + n

Grand total of the k-values plus the rnissing value m = 18.3705 + n

So, to make the residuals equal to zero:

n - (6.4707 + m)/tS - (0. 4228 + n)/3 + (18.3705 + n)/45 = O

45n - L9.íLZL - 3n - 6.3420 - 15m + 18.3705 + m = 0

28n = 7.3826

m = 0.2637

This value of m is inserted in Appendix Table 28.I, and one degree
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Table 23. Numbers of llve (not parasitized) aphlds and nummLes per lucerne

stem at difference host densities and ulth different exposure periods¡

experlment VIA ,24 fïarch-8 April (early autumn) 1981. The symbols E and H

denoted for exposure periods and host densities respectively.

Replicates

II III TotaII

Llve lt[nmies

(E)(H) aphids

fvlur¡rnies Live Mummies

aphids

Live fth-mmies ft

aphids prstrn

LÍve

aphids

12 I
11

23

12

22

41

?2

15

19

22

16

æ

69

20

30

38

52

103

169

10

n
55

12

6?

108

86

14s

136

1?

25

36

9/

1æ.

?s

34

50

100

88

121

6?

14s

22?

1S9

264

394

58

?9

130

168

239

302

63.0

61 .2

56.5

?8.4

63.6

59.1

?1 .5

62.2

57.1

56.6

48.4

40.8

4

I

259

248

271

258

266

207

32

228

395

323

36

5?

68

48

64

65

69

76

125

?6

81

94

29

32

53

43

52

51

63

Tì

120

81

83

69

93

92

Îoâ

4?

96

Doô

68

4

?

2

4

I

2

4

I

437
48 45

39 56

3s 5?

48 SB

81 117

12

11

13

116

154

1?5

132 95

4 154

I 187

f02 71

480
I 131

1 0s¡

89

TI

't32

53.1

40.2

39.1

Total 1016 1032 ?25 938 926 960 266'1 2930 52.3*

a) days after !!g¡yg introduction,

h¡B = data uere missing because the lr.nerre stem ullted and many aphids díed.

I based on total.



I25

of freedom was substracted from the total d.f. in subsequent

analyses.

(2.I.2) Analysis of data

Initially I thought that Lhe data mighL be useful1ly

analysed by comparing the slopes of regressions, so the k-values for

parasitisrn in each replicate were plotted against the total nunber of

aphids that had been produced in that replicate - for each duration of

exposure separaLely (see Figure 32). The data were Lhen analysed to

deLermine if each regression was significantly linear. Unfortunately,

the only significant linear regression was that for 4 days (Appendix

Table 29), so recourse was then made to the analysis of variance to

test the influence, on parasitism, of the two variables : (a) exposure

period of Tzioxg¿ and (b) host density. The effect of the latter

variable was desired to be examined more precisely than the former so

a split plot analysis of varÍance was used. 0f this design'

Snedecor and Cochran (1967) say ttRelative to randonized blocks, the

split-plot design gives reduced accuracy on the main plot treatments

and increased accuracy on sub-plot Lreatments and Ínt.eractionstt. In

addition, however, an ANOVA was also done with a randomized block

design to compare r¿ith the split-plot.

Before the ANOVA was done, however, a Bart.lettrs test of

homogeneity of variance was conducted, and then a Tukeyts test of

additivity r4¡as done because of the possibility that sone of the

k-values were proportional to each other rather than being additive.



Figure 32.

Relationship between parasitism (expressed as the k-value) by

TnLoxg,: and SAA density. Each graph shows the result obtained

from different exposure Periods:
(1) 1 day,

(2) 4 days,

(3) 7 days,

(4) 10 days,

(5) 13 days.
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2.t.3 Bartlettrs test of homogeneity of varÍance

The test was adopted from Snedecor and Cochran (19671 p 296-298)

to test the null hypothesis that all variance were homogeneous; the

computation of the test ís given in Appendix Table 30. The test

shows that variances were homogeneous.

2.1.4 Tukeyts test of additívity

The test was taken from Snedecor and Cochran (1967; p 331-337).

The application of Tukeyrs additivity test and the analysis of

variance for the test of additivity of the mean of the k-values for

parasitisn ís given in Appendix Tables 31.1 and 3L.2. The nean square

of ttnon additivitytt is compared wíth the residual mean square:

0.0155/0.0027 = 5.47 with 1,7 d.f . and gave 0.01<P<0.05. A, pn-ina

þüz case can then be rnade for transforming the data before using

ANOVA. However, a transformation of, a k-value may be biologically

unreal, and since the F raÈio of 5.74 was only slightly larger than

the value of 5.59 at P = 0.05 the acceptance of the hypothesis of

additivÍty at a slightly lower probability than P = 0.05 was

considered a better compromise. The k-values vrere then tested by

ANOVA.

2.L.5 Ttre null hypotheses

To illustrate the null hypotheses to be tested by ANOVA, the

treatment means to be tested are given in Table 24 and convenient

symbols for them are also gÍven in the table. The analysis tested the

null hypotheses that:
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(i) the mean k-values of the exposure periods are equal,

i.e. El = E2 + ... = 85,

(ii) the mean k-values of the host densities are equal,

i.e. Hl = H2 = H3,

(iii) the mean k-values for the 15 combinations of host

density and exposure period are equa1,

i.e. EHl = EH2 E .ooo.¡ E 8H15.

2.L.6 ÄNOVA with the split-plot design

The ANOVA for the split plot design ís calculated from Appendix

Tables 28.1 and 28.2 and is given in Table 25. The mean square for

exposure periods (E) is tested against the error (a) mean square, and

the nean square for host densities (H) and interaction between

exposure period-host density (EH) are tested agaÍnst the error (b)

mean square. The variance ratios then give the following F tests:

(i) Exposure periods: F = 0.L726/O.0416 = 4.L!+90;

d.f.=4r8;P<.05

(ii) Host densities : F = 0.1189/0.027I = 4.3874;

d.f.=2rL9;P(.01
(ííi) Interactions : F = 0.0062/0.027I = 0.2288l'

d.f. = 8119; P>.25; N.S.

Although the F test for ttExposure periodstt and |tHost

densÍtiestt are significant, they give no information about which of

the means are causing the significance. To examine more closely all

possible differences beEween the means of the k-values of both

treatments, a least significant different (1.s.d.) was estimated as

follows:
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Table 24. The means of parasitismrexpressed as the mean k-value, per

replicate for each treatment; experiment VIIA, early autumn 1981.

The symbols El t.o 85, Hl to H3 and EHI to EH15 are also given to

enable the hypotheses to be clearly stated in the texL.

Host Densities (adults/stem)Exposure

períods

(days) I42

Means for

exposure

perÍods

1

4

7

10

13

0.4223(EHI )

0.7266(Ff,r4)

0.7189(EH7)

0.3642(EHl0)

0.34ss(8H13)

0.4194(EH2)

0.5084(Elt5)

o.4422(EH8)

0.2897(EHl1)

0.2300(8H14)

0.3986(EH3)

0.4739(EH6)

0.403e(EH9)

0.2390(EH12)

0.2198(EH1s)

0.4134(81 )

0.5696(E2)

0. s217(83)

0.2976(Et+)

0.26s1(Es)

Means

for host

densities

0.s155 (H1) 0.3779 (H2) 0.3470 (H3)
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Table 25. AnalysÍs of variance wÍth the split-pIot design of

the k-values for parasitísm when L Tnioxg.s fernale was exposed to

different host densities and exposure periods; experiment. VIIA,

24 lularch - 8 April (early auturnn) 1981.

Source of variation d.f. ss MSF P

Main-p1ots

Blocks (replicates)

Exposure períods (E)

Error (a)

Sub-p1ots

Host densities (H)

Interaction (EH)

Error (b)*

t4

2

4

I
30

2

I
19

0.1189

0.0062

o.o27I

4.3874

0.2288

l.o52g

0.0293

0.6905

0.3331

0.8023

o.2377

o.0429

0. sl54

0.L726 4.1490 <.05

0.0416

<.05

>.25 N.S.

Total 43 L.O529

* d.f. error was reduced by 1 for the missing value.
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Table 26. Comparison between treatment neans; split-plot design.

Treatments

Mean of

the k-values

(A) Exposure Periode

E2 (4days)

E3 (7days)

El (lday)

E4 (l0days)

E5 (13 days)

1.s.d. (SZl

(B) flost Density

Hl, 2 adults/stem

H2, 4 adults/sten

H3, 8 adults/stem

1.s.d. (57.)

0.5696

o.52L7

0.4134

o.2976

0.2691

o.22L6

0.5155

Q.3779

0.3499

a

a

a b

b

b

a

b

b
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A t-test to determine the difference between two means gives

a value of t asi t = difference beLween means/S.E.of dÍfference.

So a least significant difference can be calculated as:

l.s.d. = t x S.E. of difference. Then

(a) l.s.d. of exposure periods = t (8 d.f.) x S.E. of dífference

= 2.306 x (/2 x,/O.O4L6)//g = Q.22L6, and

(b) l.s.d. of host densities = t (20 d.f.) x S.E. of difference

= 2.086 x (/2 x'/o.ozlt)//ts = 0.1258

These values of 1.".d.5 are given in Table 26 to compare
,\

the respective means. Those means which are not significantly

different are grouped by a common letter.

2.L.7 ANOVA with the randomized block design

The ANOVA for a randomized block design is given in Table

27. The mean squares of the rnain effects (exposure periods and host

densitÍes) and those of the interactÍons are all tested against the

mean square of error as follows:

(i)exposure periods: F = O.L726/O.0314 = 5.4968; d.f . = 4,27; P(.005

(ii) host densities! F = O.IL89/O/0314 = 3.7866; d.f . = 2,277 P(.05

(iii) interactions: F = 0.0062/0.031/+ = 0.1975; d.f. = 8,277 P>0.25

To examine more closely all possible differences between

the means of k-values of the exposure periods and host densities, an

l.s.d. was again estimated for each group of neans as'follows:

l.s.d. of exposure periods = t. (27 d.f.) x S.E. of difference

= 2,O52 x (/Z x /O.O3L4)//g = O.L7L4
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Table 27. Analysis of varíance with the randornízed block desÍgn

of the k-values for parasitism when I Tnioxg's fernale was exposed

to different host densiLies and exposure periods; experinent

VIIA, 24 Ì"larch - 8 April (early autunn) 1981.

Source of variation d.f. ss MS F P

Total

Blocks (replicates)(B)

Exposure periods (E)

Host densities (H)

Interactions: (EH)

Error *

43 1.8552

0.0293

0.6905

0.2377

o.0492

0.8495

5.4968 <.005

3.7866 <.05

0.1975 N.S.

2

4

2

I

0.I726

0.1189

0.0062

0.031427

* d.f. error was redued by 1 for the missing value.
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Table 28. Courparison between treatment neans; randomized block

design.

Treatments

Mean of

the k-value

(A) Exposure Periode

E2 (4days)

E3 (7days)

El (lday)

E4 (l0days)

E5 (13 days)

1.s.d. (52)

(B) Host Density

Hl, 2 adults/stem

H2, 4 adults/stem

H3, 8 adults/stem

1.s.d. (5Zl

0.5696

o.52L7

0.4134

o.2976

0.2681

0.5155

o.3779

0.3489

a

a

a b

b

b

a

b

b
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l.s.d. of host denslties = t (27 d.f.) x S.E. of difference

= 2.052 x (/2 x /0.0314)//tS = 0.1328

The multÍple comparisons for significance between the mean

k-values of exposure periods and those of host densities are

summarized in Table 28.

2.L.8 Comparison of the split-plot a¡rd randonized l¡lock designs

(i) The variance ratios (VR)

The variance ratios of the split plot design are ccmpared

with those of the randomized block design (each was Laken from Tables

25 and 27 respectively) in Table 29 be1ow. They show that the

randomized block design gave a higher precision for |texposure periodsrr

and boÈh designs gave the same precision for frhost densitiesrr.

(ii) Ttre l.s.d. (Table 26 versus Table 28)

The l.s.d. value for compatr"on of the means of k-values of

host densities in the split plot design is marginally better than that

of the randomized block design but the value of 1.s.d. for comparison

of the means of k-values of exposure periods in the split-plot is

higher than that of the randomized block. Both designs, however, gave

the same consequences of applying the l.e.d.fs to the means k-values

for either exposure periods or host densities.

(2.2) DÍscussion

The results (Tables 26 and 28) clearly show the mean

k-value for parasltism for the initial host density of 2 aphíds per
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Table 29. Conparison of leve1 of precísion of F test for the

split-plot and randomized block desígn; experiment VIIA, 24 March-

I April (early autumn) 1981.

Treatments Split-plot Randornized block

Exposure periods

Host densities

VR = 4.1490

d.f. = 4rB

0.05>P>0.01

VR = 4.3874

d.f .'= 2rI9

0.05>P>0.01

VR = 5.4968

J.f . = 4127

P<0.005

VR = 3.7866

d.f . = 2127

0.05>P>0.01
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sten is significantly hlgher than those f.or 4 aphÍds and 8 aphlds per

sLem, but t.he difference bel-ween the mean k-values for Ínitial host

densities of 4 and I aphids per sten was not significant. It, is

concluded thalu Tn)oxA,5 tesponded better in the lower host density i.e.

the number of host. that escaped parasitisrn h'as proportionately higher

as the host density Íncreased. This result supporLs the previous

results obtained frorn both field census (Section 4.2) and from

experíments V and VI (Sections 6.2.1 and 6.2.2) and suggests that this

inverse density-dependent response of Ttuloxgz could have resulted

from differential handling tÍme of the parasitoid which increases wíth

host density.

The l.s.d. tesL shows that the Lhere was no signifÍcant

difference of the mean k-values between exposure periods of 1, 4, and

7 days. Similarly the exposure periods of 1, 10 and 13 days are not

different. However, the the test shows thaL the mean k-value for

parasitism of day 4 and 7 are significantly higher than those of day

10 and 13. These differences are likely to be due to the following

factors:

(i) The oviposltion rate of Tn-Loxg¿ could have been much reduced

by day 7 after the introduction of the parasitoid because it

usually ovi-posits at a higher rate for the first few days

after eclosion (Force and Messenger 1964a),

(ií) at 21.1 oC (the mean temperature during this experiment was

20.6 oC) the developmental period of SAA was about 7.2-8.3

days ( Messenger L964), and so those SAA that escaped

parasitism could have started to reproduce at day 8 fron the

I
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start of the experlment (= 6 days after Tøioxgd

introduction).

A combínation of these two factors probably increased the

proportion of aphids that escaped parasit.ism at and after day 8 fron

the start of the experiment. This proportion that escaped parasítism

then is reflected by the proportions of parasitized hosts on days 10

and 13 being rnuch lower than those on days 4 and. 7.

(3) Bxperiment VIIB, ( late autuúi 1981)

(3.1) Results

Nunbers of live (noL parasitized) and mummified aphids at

each period of exposure are given in Tables 30. In this table Ís

also shown the numbers of aphid produied in each treatment of rraphids

alonetf , i.e. no T'¿Loxg.s in the cage.

The effect of TrvioxA,s oî the reduction of- aphid numbers can

be estimaLed by comparing the numbers of live aphids in treatments

with TtuLoxg,t agaínst treatments with no 7n-Loxgz (see Table 30 last

1íne of columns 12 and 13). The estimate of total reduction on aphid

numbers by Tn-Loxg¿ = (3916 - L336)/39L6 = 65.97". The rnean parasitisn

over all treatments wíth Tn Loxg.s can be estÍmated from data in columns

13 and 14 as 2338/(1336 + 2338) x 100 = 63.67.

(3.2) Analysis of data

The k-values for parasitism are calculated as described in

Section 6.2.L. (3) after Hassell (1969); they are presented in

Appendix Tables 32.1 and 32.2.
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Table 30. Numbers of llve (not parasitized) aphids (A) ln treatments r¡ith no

ïilarya (J..e.rrcontrolrr = -Tr.) and the munbers of live (not parasitlzed) aphids

and the mummies (fil) of Tniary': in treatment wftl'rTniory's (+Tr.) -at each of 3

host densities (H; =2¡ 4 and 8) and at each of 5 different exposure periods

(E¡ = l, 4r'1,r 10, and 13 days). Experiment VIIB¡ 5-22 fvlay (late autumn) 1981.

Treats.

(E) (H)

12

4

7

10

13

4

I

2

4

I

2

4

I

2

4

I

2

4

I

Í
Prstm.

51.0

48.0

3?.4

5?.0

44.3

41 .9

62.5

53.4

48.?

68.5

56.5

50.0

64.8

60.1

s1.2

TOTAL

Replicate I Replicate II Replicate III T0TAL

-Tr. +T¡. -Tr. +TÌ. -Tr. +Tr. -Tr. +Tr.

AAMAAMAAMAAM

39

61

89

13 4

19 21

43 37

11

31

73

14

1?

54

11

11

27

20?9
36 14 20

?'t 't 8 16

6

17

22

50 25 26

86 52 48

18'.t 109 65

17

17

50

19

58

75

14

39

æ

36 ',12 22

45 35 26

s8 47 34

209
71 10

119 35

s5

17?

306

40 53

103 82

157 113

41

56

116

122

227

36s

51

122

233

85

140

221

35 735
83 24 54

109 68 52

46 92?
88 33 40

140 57 96

35 23

65 46

108 ?3

144

358

4S5

102

244

325

10 43

40 101

63 93

62

133

162

33

104

180

4S

121

1s3

47

188

325

32

96

175

24

?5

1n

160

302

371

71 53

119 76

181 137

60

1s4

216

849
39 123

69 12s

53 858
171 43 104

258 104 10S

?6

124

192

535
52 68

87 112

189

449

666

8?

201

354

1320 461 802 1364 514 ??8 1232 1119 ?58 3916 2094 2338

* Based on totals.

52.8*
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I first explored the possibílity of uslng ANOVA, as for

experiment VIIA, to test the Ínfluence of the response of Taioxg.s ort

different host densities with different periods of exposure. So a

Tukeyrs test of additivity was applied to the data; Lhe results

(Appendix Tables 33.1 and 33.2) indicated that. the effects of host

density and exposure period of Tn-LoxA¿ vete significantly

non-addj-tive, with P<0.01. The data were so significantly

non-addltive that a transformation- probably Lo square or cubic roots-

would be required for the assumption about additivity to be satisfied

for the ANOVA. However, as mentioned in the disscussion of the

analysis of the data for experiment VÏIA, a transformation of the

k-value is likely to be bíologically unreal. So the attempt to use an

ANOVA was discarded, and regression analysis was explored inslead.

For regression analysis, the behavi.our t""pon"å" of TnLoxg's at each

exposure period were initially illustrated by plotting the k-values

against host densities (Figure 33). The ploLs looked promising, so

the linearity of the k-values on host derrsíties was analyzed for each

duration of exposure independenLly (Appendix Table 34). The results

indicated that the regression were significant at P = 0.05 for day 1,

10 days and 13 days; and at 4 days and 7 days the F ratios had

probabÍlities of 0.057 and 0.10 respecLively. Since experiments with

aphids are notoriously variable (Maelzer, pers. comm.) and since the

regressÍon model should rea1ly be a complex one with both X and Y

measured with different errors (raLher than with X measured with no

error- see Acton L966 ), it seemed that the best compromise was to

accept the regressions at 4 and 7 days at P = 0.10 rather than the

usually accepted P = 0.05 and then to examine the trend in the value



Figure 33.

Relationship between parasitism (expressed as the k-value) by

Tn\oxg,s and SAA density. Each graph shows the result obtained

from different exposure periods:
(1) I day,

(2) 4 days,

(3) 7 days,

(4) 10 days,

(5) 13 days.
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of the slopes. Consequently regression lines were also calculated for

4 days and 7 days and are drawn in Figure 33 as dotted lines; and the

values of the slopes were ploÈted against exposure periods

(Figure34).

(3.3) Discussion

The trend of the slopes in Figure 34 íncreased sharply from

day 1 to day 4 but Lien flattened out. This result. was expected (see

Ínformation belor'r) because of the direct influence of the relat.ively

low temperature on the biology of T'zloxg¿ and SAA. At low

temperatures the mean daily realized fecundity of Tn)oxg,s is

relatively more consLant than in \.¡arm temperature and only decreases

gradually after about day B after eclosion (Force and Messenger 1964a,

Roberts 1978). By contrast, the SAA develops slower and produces

fewer progeny per day at 1ow temperatures (Messenger 1964, Hughes and

Roberts 1978). So at relatively low Lemperature, Tnioxg,t needs

distribute its progeny among relatively fewer hosts (cornpare the total

numbers of aphids produced in each treatment trwith Tnioxg,stt in Table

23 with Lhose in Table 30). The flattenÍng out of the slope in Figure

34 aLter day 4 was probably due to the fecundity of TaLoxg,s was

declining then.

The responses of Tn Loxg,s at each host density are

illustrated ín Figure 35 in which Ehe k-values for parasitísm are

pLotted against the exposure periods of Tzioxg.s ; all the regression

ll-nes were obviously linear. The dífference in the response of



Figure 34.

Relationship of the slopes of regression 1ínes in Figure 33 and

exposure periods of 7n-Loxg¿ to the SAA. The slopes represent

the response of the parasitoíd (expressed as the k-value for
parasítism) to dÍfferent host density.

a
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Figure 35.

Relationship between parasi-tisrn (expressed as the k-value) by

Tnioxg,t and the exposure period. Each line represents the

plotted response of the parasitolds on different (initial) host

densitiesr i.ê. !

2 newly reproductive adult SAA per sten (O),
4 newly reproductive adult SAA per syen (tr), and

8 newly reproducLive adult SAA per stem ( O).

Each of the relationship can be expressed as'the linear
function;
( O): Y = 0.4281 + 0.0283 X (r = 0.9738, P<0.01),

( o): Y = 0.3425 + 0.0161 X (r = 0.9760, P<0.005)'

( o): Y = 0.2639 + 0.0157 X (r = 0.9784, P<0.005).
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Tn-Loxgt at the different hosÈ densitles can be inferred by comparing

the slopes of the regresslon 1ines. The analysis (Appendix Table 35)

indicated that the slope for 2 (initÍal) SAA per stem was

significantly bigger than the slopes for 4 (and so 8) SAA per stem.

However, there was no obvious difference between the slopes for 4 and

I SAA per st,em. Thus this result corroboraLes the prevÍ.ous resulLs

described Ín experÍment VIIA and in Sections 6.2.Lr 6.2.2 and suggests

that bhe inverse density-dependent response of Tn)oxg¿ could have

resulted from differential handling time of the parasitoid which

increases as host density increases.

(4) E:rperiment VIIC (summer 1983)

The sumner experiment (experiment VIIC) was abandoned

because most of the adult Tn)oxg,s died before day 4, probably due to

the effect of high temperature inside the cage. During a 7 day

period from the start of this experiment, t,he mean daily maximum

temperature was 32.2 oC and it fluctuated from 25.6-36.8 oC. 
By

comparison, the nean daily naximum temperatures during a 15 day

period after the start of the experiments of early and late autumn

1981 were 20.6 oC and 14.4 oC, respectively.
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6.3 The Effect of Host and Parasitoid Density

on Sex Ratio of Tn'inxgá Progeny

6.3.1 Introduction

The proportion of female progeny produced by a parasitoid

determines the nunber of hosts that. will be parasitized in the next

generation. Stary (1970) noted that the mean fecundity represents

one of the important phenomena for understanding the effectiveness of

the Aphidiid parasiLoids under various conditions; and he believes,

like Flanders (1939,L942,1946) that the proportion of male-fenale

progeny of a parasitoid can vary as a result of various extrinsic and

intrinsic factors acting on the female parasitoid. One of the most

important of these factors is the host-parasitoid density ratio.

Thus Lawrence (1981) found that the proportion of female progeny of

Bio¿lpne.s !.ongiutuda-fu¿ Aslmead in the larva of Anazt nzpha 'su)PerL'scl

Loew. decreased as female parasitoid density increased. A similar

result was observed by \^lylie (1966) fot Na¿on-iz uiltt-Lpenni's (Walk.)

parasitizj;ng (\uzca don¿-sÍ)cc¿ L. puparia. However, lrlylie (1966)

could not determine the reasons for the changing of the sex ratio of

the parasitoid, and assumed that some mechanísm associated with

superparasitism could have been responsible.

Superparasitism in Tn-Loxgz populations has been commonly

found because the females apparently are unable to distinguish

previously parasiLized hosts (Schlinger and Hall 1961). So one might

expect, for TltLoxg,S, that the incidence of superparasÍtism increases

as the ratio of fenale Trtioxg't to SAA density increases.
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from field census (Section 3.3.1.3c)

of TnLoxg¿ progeny $ras, indeed,

parasitoid densities. The following

conducted in a controlled environment to

the sex ratio.

6.3.2 F,xperiment \rIII; Ttre Effecx of Tnin4¿tz Density

on the sex-ratio of the progeny

(1) Materials and Methods

The treatments were different densities of Tn-Loxg¿ females

varying from 1 to 16 pairs per cage with 3 replicates of each

treatment. Also in each cage were 160 SAA consisting of lst , 2nd

and 3rd instar nymphs. The aphids were obtained frorn laboratory

culture and were transferred onto an excised ttHunter Rivertt lucerne

stem which was then caged with a "chitney glass" as shown in Figures

2.3 and 2.4. The cage had a diameter of 8cm and the top was covered

hrith fine voile for ventilation. The aphids were allowed to settle

down for 24 hours before the parasitoids were introduced into the

cage.

Virgin females and males of Trvloxg's were obtained by

rearing individual mummies. They were kept in separate cages after

emergence and allowed to feed on honey solution for 24 hours before

being introduced into the cage. 0n1y those adult Tnioxg,s which were

of an average size were chosen for use in the experiment.
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The male |'zioxg.t were introduced one hour earlier than

Ì{ere the females. This method was adopted because the parasitoids

tend to aggregate at the top of the cage for some time after

introduction and mate rather than search for hosts. So the males

were introduced earlier in the hope that they vould disperse amongst

the host within the cage before the fenales \,rere i-ntroduced.

The experiment was conducted in the insectary cubicle at

20-24 oC, 50-60% RH and 14 h L-D photoperiod. Artificial

íllumination was provided from a bank of 10 flourescent tubes set

about 50 cm obove the cages.

The parasitoids were removed after being confíned with the

host for 24 hours. The aphids were then reared for several days

until mummies were formed. A freshly cut lucerne stem was provided

for the aphids every two days. The number of mumrnies forrned was then

recorded and the mummies were removed carefully with a fine brush.

Each munny was placed in clear gelatJ-ne capsule until emergence and

then sexed. A mummy which did not yield a parasitoid was dissected

to determine the sex of the adult Tnioxg's but if a dead larva was

found, it was recorded as such (see last column of Table 31.1).

(2> Results and Discussion

The number of hosts mummified at each parasitoÍd density

and the corresponding number of fenale and male progeny that energed

are given in Table 31.1; the means of the data are shown
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Table 31.1. Nurnbers of female and male progeny of TnLoxg.s at
each different its own density, each confÍned l^rith 160 hosts,
each group of which had been confined with a different number of
parasitol-ds; experiment VIII.

Reps. Ttt-Loxga

denslty
(pairs/caee)

Numbers

of mummy

Females 7"

males
*

Numbers

of dead

larvae

Males

I

II

1

2

4

8

Lt4
L29

140

131

L52

104

76

160

118

L20

L20

L26

r46

109

LL4

67

57

92

82

LOz

46

70

4s

49

49

32

19

49

44

54

54

61

75

49

52

59.3

4t+.9

67.2

62.6

67.6

69.3

72.O

69.6

64.2

51.8

53.0

51 .6

47.9

55.1

54.4

1

2

3

0

116

1

I
2

4

8

6

1

2

4

3

I
4

I
I

5

0

2

0

0

69

49

07

73

58

61.

65

69

60

62

1

III

8

16

* 7[ maLe = number of male/(total number of male + female) x 100
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Table 3L.2. Means of data in Table 31.1.

Tn Loxgd

Densities
Nurnbers of
Tn)oxg,s *

7"

Male**

SE

(N=3)
Females Males

I
2

4

110

107

14s

119

126

44

50

56

47

52

66

57

89

72

74

60.2

56.2

6L.2

60.0

57.9

4.4

8.1

6.7

2.5

4.9
I

16

*Nunber of T.n-ioxg¿ = number of mummy minus number of dead larva.
**Z nale = mean 7" ma].e of daÈa in Table 30.1
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in Table 31.2. The data show that the mean percentage of urale

progeny at different TnLoxg¿ densities did not vary much and ranged

from 56 Lo 6Liá.

The means percentage rnale progeny were plotted against the

parasitoid densities Ín Figure 36; anil suggests that there was no

relationship between the variables. This result is not in agreement

witrr Lafrrence (IeBô and trrylie (1e66) borh or "ho''f";kS'eq;t*
positive association between parasitoid density and sex ratio of the

progeny. Figure 36 shows that the rnales predominated at any 1eve1

of parasitoid density. This preponderance of males is unlikely to

be the result of differential sex mortality during the rearing; it is

much more 1ike1y to be a real effect and to be due to the availablity

and density of the host (160 aphids per stem). hlhen hosts are

abundant, females T'tloxg's nay begin to oviposit before mating; such

oviposition will produce only male progeny (Schlinger and Hall 1961).

Irlhen mating then takes place later, the fenales rnay produce female

progeny but the prenating interval after introducLion may determine

the proporLÍon of eggs deposited before mating and thus influence the

sex ratio of the progeny.

AnoEher possible explanation of the preponderance of males

is that the female Tn)oxg's did mate before ovipositing but because

hosts were abundant, they oviposited rapidly so that a greater

proportion of their eggs escaped fertilization (Flanders 1956).



FÍgure 36.

Relationship between sex-ratio (% male) of Tttioxg't and the

parasitoid density. The virgÍn parasitoids were confined Lo an

initially constant number of aphids (= 160 SAA per cage) and

allowed to search for hosts fot 24 hours.
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6.3.3 B:rperiment IX; fire Effect of Host Density

on the sex-ratio of the progeny of Tngoxg,s

(1) Materials and Methods

The materials and meLhods used in this experiment were

virtually the same as those described in Section 5.3.2.1. But the

treatments were different host densíties varying from 10 to 320 SAA

per stem per cage wj th a single pair of Tzioxg's (o + o) being

Íntroduced into each cage one day after the aphids were Íntroduced.

The parasitoids were allowed to parasiti-ze the aphids for 48 hours.

Each treatment was replicated 5 tines.

The experiment was conducted at 22-26 oC, 14-10 h L-D

photoperiod and 50-602 RH.

(2) Results and Discussion

The numbers of host nummified at different host densities

and the corresponding numbers of nale and female Ttt-ioxg's that emerged

are given in Table 32.1 and the means of the daLa are shown in Table

32.2. The relationship between percentage of male progeny and host

density was better illusËrated as a curvilinear (see A.ppendix Table

36) and the line Y = 31.I4I7 + O.IL7}N - 0.00018X2 (, = 0.993,

P<0.05) was fit,ted to the data (Figure 37). The trend clearly

indlcates that the proportion of nale progeny increased wÍth host

density.
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Table 32.t. Numbers and the sexes of Tn-Loxg¿ progeny when one female

Tn-ioxg,t was presented with different host, densities; experiment IX.

Reps. Initial
host

density

Nurnbers

host

rnummif ied

Numbers

of
males

i¿

males

Numbers

of
females

Numbers of
dead

larvae

25

51

6s

83

6

13

15

43

43

94

ÏI

4

B

L7

30

53

55

3

3

13

28

43

6s

10

20

40

80

160

320

I 7

15

32

68

LL4

158

2

6

6

15

47

68

29.6

40.0

L9.4

22,7

42.O

4s.0

0

0

1

2

2

7

5

9

10

20

40

80

160

320

8

L9

24

70

80

L99

2

6

7

26

35

101

25.0

31.6

31.8

37,7

44.9

51 .8

0

0

2

1

2

4

III

il

10

20

40

80

160

320

7

11

30

58

96

T4T

42.9

27.3

43,3

48.3

44.9

46.4

0

0

0

0

0

1

10

20

40

80

160

320

3

6

10

25

39

6s

42.9

33.3

38.s

39.7

49. 1

52,O

4

t2
L6

38

42

60

7 0

0

0

1

3

2

18

26

64

84

t27

v 10

20

40

80

160

320

7

L2

33

68

110

t27

2

4

28.6

33.3

38.7

47.L

50.9

56.3

0

0

2

0

4

1

5

8

19

36

52

55

L2

32

54

7L
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Tabl-e 32.2. Means of data in Table 32.1

Initial Host,

Density

Numbers of
TøLoxgd *

Fenale Male ZSE
Male** (n = 5)

10

20

40

80

160

320

7.2

15.0

28.0

64.9

94.6

143.4

4.9
10.0

18.4

39.6

51.0

69,4

2.4

5.0

9.6
25.2

43.6

74.O

33.6

33.1

34.3

39. I
46. I
50.3

3.9

2.O

4.2

4.6

1.5

2.r

* Number of Tnioxgá = number of murnmy mlnus number of dead larva.
** % nale = mean % male of data in Ïable 32.1



Figure 37.

RelatÍonshÍp between sex-ratio (Z nale) of. Tnloxg¿ and the SAA

density. A nale and virgin female of Ttt-ioxg¿ !/as confined with
the aphids and the female allowed to search for hosts for 48

hours. The relationship can be êxpressed as Èhe curví-linear
function:

2
Y = 31 .L4L7 + O.LL72 X - 0.00019 X (r = 0,99, p<0.05).
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An association between host densit'y and sex ratio of

Ta-ioxga progeny has also been denonstrated in a wide range of insect

parasitoids by Flanders (1956) who provides several possible

explanations of the effect of host density in deterrnining the sex

ratio of parasitic hymenopterous insects.
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6.4 The Inpact of Conpetitors on

Tninxgt Abundance

6.4.L Introductlon

Like every group of anirnals, the parasltoids of aphids can

be attacked by various natural enemies (competitors) such as secondary

parasitoids, entomophagous fungi, and some species of predators.

Stary (1970) divides these competitors into tr{o groups: obligatory and

facultative natural enenries. Secondary parasitoid species belong to

the first group whereas entomophagous fungÍ and predators belong to

the second. The impact of entomophagous fungi will not be discussed

here because it is considered to be unirnportant for SAA (Milner

1978).

The economic significance of secondary parasitoids on

prirnary parasitoid abundance has been widely discussed by several

people (DeBach L9l+9, Fiske I97O, George 1957, Evenhuis 1964, Hassell

L978, Paetzold and Vater 1966, Schllnger and Hall 1961, Stary L966,

1970). The action of secondary parasltoids is generally believed to

be economically harmful because they may reduce the numbers of primary

parasltoids consÍderably. Berg eL aL, (1978), Schlinger and Hall

(1961), and l'lilson eL a-L, (1978) have reported the occurrence of

secondary parasitism ot T'¿ioxg.s comphnafu/5. And I have found at

least four genera of secondary parasitoids aLtacking the aphÍdiid

parasitoids on lucerne in South Australia (Section 3.3.1.4a). They

had been established in this state Long before the introductlon of SAA



153

and its parasitoids in 1977. However, no infornaLion on their

blol-ogy or quantitative irnpact has been published. And even

overseas, mosL of the reports deal-ing with secondary parasl-tisrn on

Aphidtidae describe only the blology and ecology of the parasitoids

(Irlalker and Cameron 1981, Spencer 1926, Haviland 1921, Bennett and

LL
Sulivan 1978, Bocchino and Sulivan 1981, Gutierrez l97}a' 1970b,

f(
1970e, I97Of, Gutierrez and van den Bosch 1970c' 1970d, Kel-ler and

Sullivan L976, Matejko and Sullivan 1980, Shekar 1958' Stary 1977,

Sullivan L972, Sullivan and van den Bosch l97L' and Valentine 1975).

It, is generally considered that the influence of secondary

parasitism on the effectiveness of primary parasitoids used in

biological control is difficult, if not inpossible, to evaluate

because of the complexity of studying processes involving at least

three trophic levels of insects. Flanders (1943) believes that the

influence of a secondary parasitoid can be tested only by establishing

ít in a region where primary parasitoids are responsible for keepíng a

pest under control. However, DeBach (L949) rn¡ho studied the impacL of

natural enemies of the long-tailed mealybug on citrus, has suggested

that selective pesticides may sometímes be used to show the influence

of secondary parasitoids on primary parasitoid and pest populations.

In thís present sLudy, a cage exclusion technique was used to

demonstrate the inpact of both secondary parasitoids and other

competitors (especially predators) on Tn-Loxg's complonalt¿ abwdance.
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6.4.2 Field Experiments

(1) Materials and Hethods

Three Ídentical experiments described here as experiment X,

Xf, XII were conducted in the study field at the Waite InstituLe in

spring 1982, summer l9B2/83, and autumn 1983, when boLh the prÍmary

parasítoid (Trt-Loxg,t)and competitors were usually common in the fie1d.

The treatments were 3 different sorts of cages of a potted

lucerne plant seeded with aphids; each treatment, was replicated 5

times. Two nated females of Tzioxg's were then allowed to parasitize

Ehe aphids for 3 days in the laboratory (see detail below), and the

plants were then caged with either:

(A) fine nylon galrze (242 hohes/cnz) to exclude both

secondary parasitoids and predators; or

(B) coarse nylon gatrze (16 holes /.^2¡ to exclude

predators but not secondary parasitoids; or

(C) bird mesh (335 troles/n2) to a1low both secondary

parasitoids and predators to reach the parasitized

aphids on the plants.

The details of the experiments are summarized in Table 33.

The cage used ín this experiment is illustrated in Figure

38; it was a cylinder with a 20cm díarneter and 40crn height. The

potted plants used were the same as those described in section 2.3.

However, for easÍer observation, the number of stems was thinned to 10

per pot and some of the lower leaves were removed.
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Table 33. DetaÍls of experimênts X, XI and XII.

Treatments

Types of cages

for treatments

Expected effects

Secondary Predation

parasitisn

+

A

B

c

fine nylon gauze

coarse nylon gauze

Partly open cage.

+

+

Experi.rnents Time done Treatments

x

xï
xII

Ll - 24 October 1982

23 Dec. L982 - 6 Jan. 1983

13 - 26 March 1983

A

A

A

B

B

c

c

c

B



Figure 38.

Types of cages used in experiment X' XI and XII:

A: treatment arrangement Ín the fíeld,
B: fine gauze cage,

C: coarse gauze caget

D: bírd mesh cage.

The wal1 of the outer pot was smeared with rrfluontt to prevent

ants from reaching the aphids on the plant.
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Each experlment needed a 6 day preparation for parasitizlng

the aphids in the laborat.ory as follows:

Dav 0: the pLant was seeded with 100 of lst and 2nd instar nymphs of

SAA, then caged $rith a fine nylon garrze (242 hoIe"/.^2). The

aphids were allowed to settle down for 24 hours.

Day 1: 2 rnated one-day-old females of Tn-toxAá wete inLroduced ínto the

cage. They were allowed to parasitize the aphids for 3 days.

Honey solution on a dent,al ro11 was supplied as food for the

adult parasÍtoids.

Lay 4: the adulE parasitoids were removed and the aphids were reared

for a further 2 d,ays.

Dav 6: by day 6 from the start of the experíment the aphids were

expected to consist of different stages of parasitoids e.g.

young and o1d larvae and prepupa. These different stages of

Tn-Loxga in each unit of the experiment were expected to provide

each sLage the chance to be atLacked by both endo- and

ecto-secondary parasitoids as well as by predators. The 15

units of the experiment were then divided inLo 3 groups of 5

potted plants each. Each group, which represented a

treatment, rìras then caged with a particular type of cage as

described above. All the unlts h¡ere transferred to the study

field and left there fot 7 subsequent days during which the

competitors hrere allowed to attack the aphids and the aphids

that had been parasitized by T.n-Loxg,:.

Day 13: all of the units of the experiment were removed and returned

to the laboratory where the number of mummified aphÍds in each
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unlt vlas recorded. Each munmy t^tas removed carefully wlth a

flne brush and placed individually 1n a gelatin capsule for

emergence. The numbers of adult 7. conp!.anaf.u.s and secondary

parasitoids were recorded as they emerged. A mumrny ¡vhich did

not yield a parasitoid whithin 35 days from the beginning of

the experiment was dissected to see whether it contained an

adult. primary or secondary parasitoid; but if a dead larval

parasitoid was found, it was not included in the record.

(2) Results and Discussion

C,nz.panda was comnon in the study field during the periods

of experiment X, XI, and XII. l\, ta¿noninp. was also common durÍng

the course of experiment X (spring).

(2.L) Experiment X (11-24 October, spring L982)

(a) Ttre impact of predators

The numbers of Tnloxga mummies that were found in each

repll-cate of the fÍne gauze, coarse gatJze, and bird mesh cages are

presented in Table 34; and the means at each treatmenL are given in

the 2nd last row of the table.

Comparisons between any two means were made with a t-test.

The results are summarized in the last row of Table 34. Those means
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Table 34. Numbers of munmies found in each replicate in each

treatment (ArB, and C) comprising different cages; experiment X,

Ll - 24 October (spring) LgB2.

Treatments; cages with

Replícates (A)fine gauze (B)Coarse ga:uze (C) bird mesh cages

1

2

3

4

5

83

74

56

83

91

64

67

64

82

88

4t
56

19

64

78

Means 77.4 73.0 51.6

Significance of
difference
between means*

a a b

* Means with sinilar letters are not significantly different.
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that are not sf-gnificantly different are grouped by a conmon l-etter.

The tests show that the mean nunber of mummies fn the bird mesh cages

was slgnificantly less than Lhose found in cages wÍth eÍther coarse

gauze or fine gauze. However, there vras no difference between the

coarse and fine gauzes.

Furthernore, the mean numbers of munmies that yielded adult

secondary parasitoids in the coarse gauze and bird nesh cages (Table

35) were obviously rrot different, and neither hrere the proportions of

the total numbers of mummies thaL yielded secondary parasitoids (í.e.

60/365 versus 57/258); Chi2 = 3.33 ; P)0.05. So it can be concluded

that the secondary parasitoids found their ways into the coarse gauze

and the bird rnesh cages with equal facility, and the significant

difference in the mean numbers of total mummies (Tab1e 34) in the two

can be atLributed entirely to predators. The depressíng effect of

predators on the rate of parasitisn of T,¿LoxA/5 caî then be estimated

as : (73.0 -5I.6)/73.0 (see Tabl-e 33) = 29.3%. The predator mainly

responsible for this reduction in the rate of parasitisn by Tn)oxgt

was probably Cocüne-lla ze.panda.. Coccinelids have also been

reported to destroy a large number of munmified aphids on lucerne Ín

California by Hagen and van den Bosch (1968) and by l,Iilson eL al,

(1982) in South Australia.

(b) Inpact of secondary parasitoids

Since the secondary parasitoids seemed not to differentiate

between the coarse gauze and the bird mesh cages, the nurnbers of
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Table 35. Numbers of mummies in each replicate of coarse

gauze and bird mesh cages that yielded secondary parasitoids;

experJ.ment X, Ll - 24 October (spring) 1982.

Treatments; cages with:

Replícates Coarse gavze BÍrd mesh

1

2

3

4

5

6

9

18

13

L4

11

I
L2

16

10

Means L2.O 11.4



L61

nurnnies in both these cages that gave rLse to secondary parasitoids

can be pooled and thelr mean (11.7) compared to the mean Lotal number

of nummles due to TaLoxg's in the flne gauze cages (77.4). The

percentage of reduction in numbers of. Tntoxga due to secondary

parasitoids in boÈh the coarse gauze and the bird mesh cages can then

be estimated as : (11.7f77.4) x 100 = 15.1% (see Tables 34 and 35).

Pactigneutzon¡ an ecLo-secondary parasitoÍd, constituLed 957.

of the total number of secondary parasitoids that. emerged fron the

sample and so could have been responsible for the reduction of

Ttt-ioxg's number during this experiment. The only other species of

secondary parasitoid that emerged was De¡t-d.zoceJLltzS¡ another

ecto-secondary parasitoid; no endo-secondary parasitoids emerged from

the mummies.

(2.2) Experiment XI (23 Dec. - 6 Jan., sunmer L9821I983)

(a) Ttre lnpact of predators

The nunbers of Tnioxg's mummies that were found in each

replicate of the fine gauze, coarse gauze, and bird mesh cages are

gJ-ven in Table 36; and the means at each treaLment are presented in

the 2nd last row of the table.

Cornparisons between any tv/o neans were again made with a

t-test. The results are summarized in the last row of Table 36.

Those means Èhat are not signlfÍcantly different are grouped by a
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Table 36. Nunbers of mummies found in each replicate in each

treatment (ArB, and C) comprising dífferent cages; experlment XI,

23 December - 6 January (summer) I982/L983.

Treatments; cages with:

Replicates (A)fine gauze (B)Coarse gauze (C) bÍrd nesh

7L

54

81

s9

78

38

59

35

77

25

75

76

63

93

90

1

2

3

4

5

Means 79,4 69.6 46.9

Signlflcance of
difference
between means*

a a b

* Means with simÍ1ar letters are not signifícant,ly different.
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common letter. The tests show the same result as that of experlment X

(spring), i.e. the mean number of mummies in the bird mesh cages was

signlficanLly less than Ehat found in either coarse gavze cages or ín

flne gauze cages. However, there vtas no difference between the coarse

and fine gaúze.

The difference j-n numbers of mummies that ylelded adult

secondary parasitoids in the coarse gauze and bird mesh cages in each

replicate (Table 37) were tested by a tttrend test; 5 x 2 conÈingency

tableft; the test showed no signlficant difference (ChíZ = 3,L9i

P>0.05). So it can be concluded again that the secondary parasitoids

found their ways into the coarse gauze cages and the bird nesh cages

with equal facílity, and the significant difference in the mean

numbers of total mummies (Table 36) in the tr+o cages can agaÍn be

attributed entirely to predators. The depressing effect of predators

on the rate of parasitisin of Tn-Loxg¿ carr then be estimated as : (79.4

- 46.8)/79.4 (see Table 36) = 4L.l% . The predator mainly

responsible for thís reduction in the rate of parasitism by Tn)oxg's

was again probably Coccine.!-(n ne.parzdo.

(b) Impact of secondary parasitoids

Since the secondary parasitoids seemed not to differenLiate

between the coarse gauze and the bird nesh cages, the numbers of

mummies in both Ehese cages that gave rise to secondary parasitoids

can be pooled and their mean (10.8) compared to the mean total number

ôf numrnies in the fine gauze cages (79.4). The percentage of
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Table 37. Nunbers of numml-es in each repllcate of coarse

gavze and bird mesh cages that yielded secondary parasitoids;

experiment XI, 23 December - 6 January (sumner) L982/1983.

Treatments; cages with:

Replícates Coarse gauze Bird nesh

1

2

3

4

5

11

9

t4
11

L7

9

6

11

13

7

Means L2.4 9.2
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reductlon l-n numbers of Tn)oxg,: dre to secondary parasitoids in boLh

the former cages can be estimated as : (10.8/79.4) x 100 = 13.6% (see

Tables 36 and 37)

The species of secondary parasitoids that emerged from

Tnioxga mummies in this experiment were Pachgneutto¿ and Dend,n-ocetzu¿,

PocJzgne.utzon¡ as in spring 1982 (experiment IX), was again a dominant

species; and again no endo-secondary parasitoids emerged fron the

Tnioxg's mummies in tuth coarse gauze and bird mesh cages.

(2.3) Experiment XII (L3-26 March, autumn, 1983)

(a) The inpact of predators

The numbers of TtuLoxg,s mummies that were found in each

replicate of the fine gauze, coarse gatJze, and bird mesh cages are

given in Table 38; and the means at each treatment are presented in

the 2nd last row of the tab1e.

Cornparísons between any two means were again made with a

t-test. The resul-ts are sumnarized in the last row of Table 38.

Those means Lhat are noL significantly different are grouPed by a

conrnon letLer. The tests show the same result as that.of experiments

X and XI, í.e. the mean number of mummies in the bird mesh cages was

significantly less than that found in either coarse gauze or in fine

galJze cages. However, there vras no difference between the coarse and

fine gauze.
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Table 38. Numbers of nummies found in each replicate in each

treatment (4,8, and C) comprisÍng different cages; exPeriment XII'
13 - 26 March (autumn) 1983.

TreatnenLs; cages with:

Replicates (A)fine gauze (B)Coarse gaúze (C) bird mesh

1

2

3

4

5

67

84

60

t5

81

51

55

72

79

66

43

61

48

52

39

Means 73.4 64.6 49.6

Significance of
difference
between means*

a a b

* Means with similar letters are not significantly different.
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The difference in numbers of mummies that yielded adult

secondary parasitoids ln the coarse gauze and bird rnesh cages 1n each

replicate (Table 39) were tested by lftrend test.; 5 x 2 contingency

tablerr; the Èest showed no significant difference (Chi2 = 1.58;

P>0.05. So it can be concluded again Lhat the secondary parasitoids

found their ways int.o the coarse gauze and the bird mesh cages with

equal facilÍty, and the significant difference in the mean numbers of

total mummies (Table 38) in the two cages can again be attributed

entirely to predators. The depressing effect of predators on the rate

of parasltísm of Tn-Loxg.s can then be estimated as z (73.4 - 48.6)/19.4

(see Table 38) = 33.87. . The predator mainly responsible for this

reduction in the rate of parasitisn by 7'z-LoxA'3 was again probably

Cocúne!-ln ne/2a"ndn.

(b) Inpact of secondary parasÍtoids

SÍnce the secondary parasitoids seemed not to differentíate

between the coarse gauze and the bird mesh cages, the numbers of

munmies in both these cages that gave rise to secondary parasitoids

can be pooled and theír mean (10.7) compared to the mean total nunber

of nummies in the fine gauze cages (73.4). The percentage of

reducLion in numbers of Tnioxg,s dre to secondary parasitoids in boLh

the former cages can be estimated as : (10.7/73.4) x 100 = 14.6% (see

Tables 38 and 39)

The species of secondary parasitoidb that emerged fron

Ttt-Loxg,s nummÍes in this experiment were Pøclzgnøuzon ald Dend¿zocpt¿u's,
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Table 39. Numbers of mummies l-n each repl-icate of coarse

gauze and bird mesh cages that yielded secondary parasitoids;
experinent XII, 13 - 26 March (autunn)11983.

TreaÈments; cages with:

Replicates Coarse gauze Bird nesh

I
8

9

11

14

7

l3
10

15

L2

1

2

3

4

5

Means Ll.4 10.0
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Pachgneunon, as ln experiments X and XI, was again a doml-nant specles;

and again was no endo-secondary parasitolds emerged from the huloxg's

nummles 1n both coarse gaûze and bl-rd mesh cages.

The fact that there \{as no difference in the numbers of

ecto-secondary parasi-toids that, emerged from the mummÍes in the bird

mesh and in the coarse gauze cages in these experiments suggests that

predators may not destroy the munnmy containíng an ecto-secondary

parasitoid. This result may be due t.o a differenL preferential

or'lpositing behaviour between the ecto- and endo- secondary

parasitoids. An endo-secondary parasitoid usually ovíposits in the

primary parasitoid while the aphid is sti11 alive whereas an

ecto-secondary parasitoid usually oviposits on the primary parasitoid

when the aphid ís already dead (Sekhar 1958' Sullivan 1972). In the

latter case, the skin of the rnunrnified aphids nay have hardened before

the ecto-secondary perasitoid laid íts egg and so may have been more

difficult for predators to destroy. In the laboratory I have

observed that an adult C, nz.potd.a attacked and failed to destroy a

Tn\oxg's mummy havíng a hardened skin (see Figure 23D); a normal adult

TnLoxgz ernerged from Lhis scarred munmy a few days later.

6.4.3 laboratory Experinent

(experinent XIil)

Introduction

It has been demonstrated in experiments X, XI, and XII

(Sectlon 6.4.2) that. predation on SAA, by C' nz.pand.a in particular,
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may cause a significant reduction 1n the population of primary

parasitolds but seems not to affect the population of secondary

parasltoids.

The SAA population usually starts to become apparent in

OcLober (late spring) and its lncrease then colncides with the

decrease of BGA+PA populations (Appendix Table 2.3). At the same

time, the predat.or population is high because of an early build up on

the abundant BGA+PA population in early spring (Figure 7). The

Ttt-ioxg,s population may also start to increase at this tirne of the year

and its adults are frequently caught in sweep net samples then. l'¡ith

these relative abundances of different species, one would expect that

SAA and Tnioxg,t could suffer from heavy predat,ion which could disturb

the host-parasitoid relationship.

The degree of reduction in the T'z-Loxg's population caused by

predation may be determined by a ,rutb"t of factors e.g. the ratio of

the density of parasitoÍd to predator at the beginning of the rfaphÍd

seasontt, temperature eLc. A high predator-parasit.oi-d ratio,

especially aÈ the beginnlng of aphid seasonr mâY cause a significant

reduction of parasitoid populationsr ê.8. l,Iilson et al. (1982).

Hagen and van den Bosch (1968) found a similar reduction in the

numbers of Aph)d.itz ¿¡n ilJ¿L parasitizing the pea aphid in lucerne

fields in California; if coccinellids invaded the field and started to

reproduce before the aphids r.rere mumnified, numbers of parasitized

aphids were eaten by the predators.
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I therefore tested the hypothesis that predatÍon on SAA,

especially by Coccinelídsr maI affect the size of the primary

parasltoid populaLlon. The hypothesis was t,ested in the laboratory

(described here as experiment XIII) by exposing an initially constant

number of aphids on a potted plant to six combinations of numbers of

Ttt toxg's and ne.pando,

(1) Materials and Methods

There were 7 treatnenis comprising:

(i) aphids pLus either one of.3 T,¿Loxgz densiuies (i.e. 2, 4,

and 8 females);

(Íi) aphids plus either one of the same 3 Tnioxg,s densities plus

one pair of Cocúne.!-La nepand.ø adults;

(iii)aphids a1one.

Each treatment was replicated 2 times.

The aphíds and parasitoids were obtained from the

laboratory culture described in Sections 2.2 ar.d 2.3. The predators

were collected fron the lucerne field as puPae.

The initial SAA density per potted plant was 100 aphids of

different developmental stages: 50 lst and 2nd instar nymphs, plus 30

3rd and 4th instar nynphs, plus 20 reproductive adults. The aphids

were artificially introduced to each potted p1ant, then the plant was

caged with a clear cylindrical plastic container provlded with top
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and side ventilations through flne nylon gauze (242 holet/.2). In

all but the rrcontrolrr treatment, the aphíds were allor+ed to settle

down for 24 hours before one-day-old mated Tnloxg's fenales (either 2,

4, or 8) were introduced into the cage. Two days after, a pair of

Cocúne-lla ne.parcln was introduced into each cage of the required 3

treatments. Honey solution on a dental ro1.1 was provided as food

for TtuLoxg't,

Numbers of live and nummlfied aphids were estimated by

sanpling 9 leaves, 3 each taken randonly from the top, niddle, and

bot.tom parts of the plants. The sanples rr¡ere taken at.3 day

intervals starting from day 4 after SAA introduction. 0n each of the

sampling daLes, each caged plant was taken into the laboratory where

the cage h¡as opened inside a larger cage which had a clear perspex

front and two sleeves for collecting t.he samples of leaves. After

recording the nunbers of aphids and mummies on each leaf, the leaves

were placed amongsL Lhe follíage of tte p1ant, the natural enemies

were collected, and the p1-ant plus natural enemies v/ere returned to

the experimental cage. The experiment was terminated when further

samplÍ-ng was considered to be inaccuraLe because the number of aphids

was either too hígh or too 1ow.

(2) Ilata analysis

The nean numbers of live aphids of each treatment at each

time of sampling v¡ere compared in a randomized block analysis of

variance with 7 treatments and 2 replicates.
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The rnean numbers of mumrnified aphids in each treatment at

each time of sampling were similarly compared in an ANOVA wÍth 6

treatments rather than 7 because the control (i.e. aphids alone) was

omitted. For this analysis, the effects of the treatments can be

divided into two main effecLs : (í) that of Tn-ioxg,s densities, and

(ii) that of Cocúnz!.Lø densities (i.e. wj-th CoeúneL!.a versus with

no CoeünzlLct), Since the latter effect was desíred to be estÍmated

more precisely than of the former, a splít-plot analysis of variance

was used with 3 main plots of parasitoid densities each consisted of 2

sub-plots of predator and no predator. This type of analysis of

variance was also able to test íf there was interaction between the

two main effects.

(3) Results and DÍscussion

(1) numbers of live aphids

The estimated numbers of live aphlds per sample in each

treatment at 4, 7, 10, and 13 days after the aphid inLroduction are

shown in Tables 40.1 and 4O.2.

A square root transformation was applied to the data Lo

obtain homogeneous variances. The analyses of variance are given in

Appendix Tabl-e 37. The F tests show that t.he treatmenE means did not

dlffer signÍficantly at day 4 after the aphid introduction but did

differ signifícantly at days 7, 10, and 13. L.s.drs were then

calculaLed for the cornparison of the treatment means for each of the 3

latter days to deternine differences among the means. The means,
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Table 40.1. Nurnbers of live aphids per 9 trifoliate leaves of lucerne

when aphids were exposed to rrtreatmentsrr of Truloxg¿ with or ¡víthouL

CocúneL[n for t,ime of sampling of 4 and 7 days; experiment XIII.

Time of
sampling

(daYs)*

TreatmenLs

Replicates

Number of
Tnioxga

Nurnber of
CocúneLla I II mean

83

83

04

0

0

0

2

2

2

0

Total for rrconLrolrt

Total for treatments r¿ith no Coccinp-!-ln

Total for replicaLes 346 427

2

4

I

2

4

8

75

63

24

t62

29

23

49

101

LOz

to2 92.50

54.83

43.33

4s

39

83

t67

63

58

38

159ToËal for treatments wíEI¡. CocünelLo.

7 0 0

Total for rtconLrolrl

20
40
80

Total for treatments with no Cocún-el-!.a

22
42
82

Total for treatmenLs wj-L}¡^ Coeün¿!-ln

Total for replicates 488 516

32L

32L

43

10

34

87

L4

46

20

80

274

274

6s

74

34

L73

51

15

3

69

297.50

43.33

* time of sampling = number of days after aphid introduction.

24.83
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t75

per 9

trifoliate leaves of lucerne when aphids were exposed to rrtreatmentsrr

of Tn Loxg¿ with or or wíthout Coccinel-ln for time of sampling of 10

and 13 days; experiment XIII.

Time of
sampling

(daYs)*

Treatments

Replicates

Number of
Tzioxg's

Nurnber of
Cocüne-ll.c¿ I II mean

10 0 0

Total for rlcontrolrl
69s

69s

853

853

94

7L

18

183

47

t2

3

62

Total for treatments with no Cocút¿e!-ln

Total for treaments with Cocün¿lao

0

0

0

2

4

I

2

2

2

2

4

8

27

t4
17

58

42

10

2

54

639.00

40.L7

19.33

Total for replicates 807 1098

13 0 0

Total for rrcontrolrl
L209

t209

11

11

16

38

13

18

4

35

932

932

20
40
80

Total for treatments with no Cocú¡t-ella

22
42
82

Total for treatmenLs wtth Coccin¿!-ln

Total for replicaLes L282 1053

33

20

L2.

65t

28

18

10

s6

1070.50

L7,L7

* Tlme of samplinB = number of days after aphid introduction.

15. 17
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Tabl-e 41. The results of anal-ysis of the data in Tables 4O.Lr40.2.

The means numbers of live aphids (expressed as square roots) per

sample of 9 trifollate leaves of lucerne 1n each of 7 treatments at
7, 10 and 13 days after the introductlon of aphids; the l.s.ds. for
differences between means and the results of applylng these 1.s.ds.
are also given in the table. The treatments are represented as T.C.,

where T is the number of T'vloxg¿ per treaLment and C is the number of
Cocúne-lla nzpanda,

Sanpling dates

7 days 10 days 13 days

Treats.
(T.C. )

Mean number

of aphids

Treats.
(T.C. )

Mean number

of aphids

Treats.
(T.C. )

Mean number

of aphíds

(0.0)
(2.0)
(4.0)
(8.0)
(2.2)
(4.2)
(8.2)

L7.2347 a

7.3098 b

5.8823 b

5.8310 b

5.4415 b

5.3277 b

3.1021 b

(0.0)
(2.0)
(2.2)
(4.0)
(8.0)
(4.2)
(8.2)

27.7845

7.4459

6.6692

6.0839

4,!g2g
3.3132

1.5731

(0.0)
( 2.0)
(2.2)
(4.2)
(4.0)
(8.0)
(8.2)

32.61+97 a

4.5306 b

4.4485 b
4.2426 b

3.8944 b

3.732I b

2.5811 b

a

b

b

bc

bcd

cd

d

tsD 5Z 5.4561 3.5983 2.8240

Note that the mean which are noE signifícantly different are grouped

by a comnon letter.
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the l.s.d. and dlfferences denoted by non-alfke letters are gJ-ven l-n

Table 41. The results l-ndicate that the mean numbers of live

aphids in all treatments differ significantly from those of rfconLrolrl

(l-.e. aphids alone; T.C = 0.0) at day 7, 10, and 13 after aphid

introduction. However there was no difference between any pair of

contrasting treatments w-ith and witoulu Cocúne-Lln i.e. between (2.0)

and (2.2) or between (4.0) and (4.2) or between (8.0) and (8.2). It

can be concluded therefore that both Tn-Loxg's alone and Tn-ioxgt plus

Coccin¿.lLo signíficantly reduced the numbers of aphids, but the

addltion of Cocúnz-l-l¿ seerned not to reduce the nurnber of aphids any

1ower.

(it) Numbers of mumnified aphids

The estimated numbers of munmifÍed aphids per treatnent in

each replicate and at each tÍme of sampling are shown in Tables 42.LA,

42.2^ and 42.34; the treatment combination totals are given in Table

42.18, 42.28 and 42.38.

A square root transformation was again applied to the data

to get honogeneous variances. The analyses of variance are presented

in Appendix Table 38. The F tests show that, neither luhe ttTnioxg's

effectrt nor the rtlnteraction effectrr at any sarnpling date was

sÍgnificant. The F tests also show that the ttCoccine.-t-ln effectrf

(i.e. Coocinp-!-(¡¿ densitÍes (C)) in Appendix Table 38 was not

significant. at day 7 but it was signi-ficant at days 10 and 13.

L,s.dS were consequently calculated and applied to the means of only

those two latter data (Tab1e 43). The results lndicate that
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Tabel 42.IA, Nurnbers of mummies per 9 trifoltate leaves of lucerne

when aphids were exposed to rrtreatmentsrr of Tzioxg¿ and or Cocc)ne-L!.a3

experiment XïII.

Time of
sampling

(days)x

Treatments

Nunber of
Coeün¿llo

Repllcates

III Totals
Nunber of
Ttt Loxga

720
40
80

Total- for treatments wÍth no Coccinella

22
42
82

Total for treatments wiïula Coec,ine-!-ln

Total for replicates L29 110

L4

23

46

83

38

31

22

9L

4

20

r4

38

52

12

3

L2

27

54

6B

174

16

23

26

65

239

ê

Table 42.18.

cornbinations

Cocc)nz!-tø,

Tine of
sampling

TreaLment totals fron Table 42.14 re-arranged for
of Taloxg.s densities X presence or absence of

7

Nuñber of Cocüne-lAa

per cage

Totals
Nurnber of. Tnioxg't

per cage 0 2

2

4

8

52

54

68

16

23

26

68

77

94

239174 6sTota13
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Tabel 42.2^. Numbers of nummLes per 9 trtfoliate leaves of lucerne

when aphids were exposed to rrtreaLmentsrr of TnLoxg¿ a¡d or Coccinz.!-!.ai

experiment XIII.

Time of
sampling

(days)

10

Treatments

Number of
Ttuloxg's

Nunber of
CocúnzlLa

Replicates

III Totals

0

0

0

2

4

8

39

52

32

I23

37

22

37

96

76

74

69

2L9Total for treatments with no Cocci¡tzl-h.

22
42
82

Total for treatments with Cocün¿.Lln

Total for replicates 133 119

4

2

4

6

13

4

10

15

8

252

10 23 33

Table 42.28.

cornbinatios

Cocün¿-(!a

Tine of
sarnpling

Treatment totals from Table 42.24 re-arranged for
of Tnloxg's densities x presence of absence of

Nunber of Cocúne-I-!.a

per cage

Number of T'vloxg,s

Per cage 0 2 Totals

2

4

I

76

74

69

l0
15

8

86

89

77

2L9 33 252

10

TotalS
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Tabel 42.3^. Numbers of rnummÍes per 9 trifoliate leaves of l-ucerne

when aphids were exposed to rrtreatmentsrrof Trzloxg't and or Cocúnz-l-l-a;

experiment XIII.

Tirne of
sampling
(days)*

Treatments

Replicates

Nurnber of
Tn Loxga

Number of
CoeúnzlAa III Totals

1320
40
80

Total for treatments with no Coccine.!-l¡t

2

4

I

Total for replicates 89 4L

2

2

2

24

31

25

80

13

10

10

33

37

4r

35

113

130

0

5

4

9 t7

2

4

2

8

2

9

6

Total for treatments wíEh Cocc)nel-ln

* Time of sarnpling = days after aphid introduction.

Table 42.38.
combinations

Coccine-!,ln,

Time of
sanpling

Treatment totals from Table 42.34 re-arrange for
of 7tt-Loxg't densities x presence or absence of

Number of Cocüne-!-!¡¿

per cage

Totals20

Nurnber of TrvLoxg,s

per cage

39

50

4t

37

4L

35

2

9

6

2

4

I

17113 130

13

Totalg
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Table 43. The results of the analysis of data in Tables 42.1142.2 and,

42.3. Test of signiflcant for nean numbers of munmified aphíds

(expressed as square roots) in the treatments tt T'vloxgá alonerr and
t'Tn-ioxg,s phu Coccin-e-!./n,

Treatments

Trvtoxga alone

Ttt Loxga p-tu's CoccL' eLta

l.s.d. (57" ; d.f. = 3) 1.8 2.0

Mean numbers of mummies at

l0 days 13 days

b1.5

6.0 a 4.2 a
2.3 b
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the numbers of mummies of the treatments ttTn-Loxg's p-hus CocünzLlntl

were slgnlficantly less than those of treatments ttTnioxA¿tt alone at

day 10 and 13 after the aphtd íntroduction. Thls result confirns the

earlier finding from the field experiment [Section 6.4.2 (2)] that

predation on SAA by Coccinz.!-ln may reduce the population of the

prinary parasitoid, Tnioxg's conpLanaLut, in the following generation.
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TzLoxg,s conplanctLu¿ has been known as a good agent for

biological- control of SAA in lucerne in California (van den Bosch ¿t

a-e, 1959). So this parasitoid was imported and then released in

Austral-ia for controlling the newly inLroduced SAA. Ttuloxg¿ has now

established well in all lucerne growing States. However, aLtempts to

control Lhe SAA population with this parasitoid in South Australia so

far have been unsuccessful, or only partially successful. Even with

the aid of native predators, T'zloxg's did not control the SAA during

the early period of peak abundance of the aphid (Allen 1978) and mean

densities of SAA greater than 400 per stem were conmon (Allen 1982).

Could both biotic and abiotic factors have contributed, in some

degree, to the reduction of T'zioxg¿ effectiveness?

The hypothesis that generated this study was derived from

the above facts and question. However, because of the complexity of

the hypothesis, its components were isolated into a logical sequence

and then tested individually both in the field and the laboratory.

The earlier research and the analysis of'local population

data enabled me to obtain general trends of SAA-natural enemy

interaction. This analysis also províded an indication of the

follow-up research that could be done to further explore the

relationship between the aphid and its natural enemies.

7.I Aphid-natural enemy relationship and

some factors affecting the relationship

For convenience of discussion, the term ttparasitoidtt is

again replaced wilh T,¿LoxAá becaúse Trzioxgá YIas the only parasitoid

attacking the SAA in the study field; and the termrrpredatorn is again

used for any predator excePt 4þ.
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The SAA population ín Adelaide displayed two distinct

periods of abundance in January (summer) and in March-April (auturnn)

each year (see Fígure 5). It seemingly dÍsappeared in winter

(June-August) and was not of economic importance in spring. A

sirnilar seasonal trend ín numbers of SAA was also observed in crops by

hrilson e.L a¿, (1982) at Meningie, Netherton' and Virginia in

L978-L979, shortly after the introduction of the aphid into this

State. Allen (1984) also reported a similar seasonal abundance of

SAA in irrigated lucerne stands in the costal Langhorne Creek (near

Meningie) region in 1980/1981.

The coo1, wet winter in Adelaide probably exerts a strong

and direct depressive influence on thè development and reproduction of

SAA so that it is very scarce then. The species is also scarce in

spring when weather should be more favourable for its increase, and

evidence is presented in chapler 5 thaL the low numbers then are more

likely to be due to the action of natural enemies, especially Tnloxgd

and the predators flicttomu¿ and Cocc)ne!-lnt and probably anLs

- Intz-i-clongrurp-y sp. to some exLent.

In spring to early summer, with higher temperatures and an

abundance of prey (BGA plus PA), [\iutorut ¿ and Cocc)ne-l-!.¿ increased in

numbers very rapidly and reached a peak in November (late spring)

(Figure 7). This high population of predators seemed not only to be

related to the collapse of BGA plus PA populations but also to the

scarcity of SAA during this perÍod of the year (compare Figure 7 and

Figure 5).
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The seasonal fluct.uation of Tnioxg¿ numbers appeared to

follow the rise and fa1l of the SAA population (Figure 6). However,

TaLoxga numbers were very low in spring, and so \'Iere those of

parasitized aphids; the latter could not be detected in stem samples

untíl the end of December when the SAA population had reached a

relatively high number (Appendix Table 2.4). Heavy predation on the

developing SAA population in spring probably has a direct relation to

the scarcity of Tzioxg's numbers during this period of the year. A

direct reduction in numbers could occur because the predators consume

some of the parasitoids as parasitized aphids.

The apparent numerical response of the numbers of natural

enemies, especially Tn-ioxg's and Coec)-nella, to the rises and falls of

the SAA numbers were plotted and then examined more closely by

regression analysis as used by lJright and Laing (1982). Such

anal-ysis gave indícations of a significant relationship of both

Cocúnz.llo and Tn-ioxgz with the SAA numbers. Other workers have

anaLyzed field census data and have suggested a signifícant impact on

SAA populations in lucerne of Tn-Loxga (Lehane 1982, van den Bosh ¿/

al, 1959, hrilson el a-t, L982) and of Coecine-!!¿ (Ridland and Berg

L978a). However, as mentioned before, this method of analysis cannot

demonstrate that either T,zLoxgz or Cocc)n-e.llø was responsible for

regulating the SAA population.

More convincing evidence of the regulatory povter of natural

enemies of SAA is presented in this thesis and was achÍeved by
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comparing experimental plots with natural enemies against similar

plots with natural enemies excluded. Experiments were done in spring,

sunmer and auLumn to allow the measurement of the influence of

seasonal temperatures on the performance of the natural enemies.

b.a 0ogrlÆ[o'"
The growth rate of¡SAA¡in both the absence and presence of

natural enemies in different seasons are illustrated in Figure 39 in

which the slopes of the regression lines represent the growth rate of

SAA in three different sorEs of cages (see treatment A, B and C in

Figure 22, 24 and 25) and are plotted against the total t'day degrees"

(oD) during 25 days of each experiment. I^lith only 3 points for each

ttcurvett, no curve fitting is possibl-e and curves have been drawn by

eye to illustrate the likely trends. Clearly, however, in the absence

of natural enemies (line A), the SAA grelr more rapidly in spring than

in either sunmer or autumn. This difference in the growt.h rate of SAA

in different seasons is likely to be nainly due to the direct

influence of the higher summer and autumn tenperatures on the rate of

development and fecundity of the aphid. But an indirect influence

through changes in the physÍo1ogy of the plant should not be

discounted. This latter effect, however, could not be tested.

Seasonal differences in temperature also influenced the

performances of natural enemies during this study (Figure 39). In

sprÍng and autumn, boluh T'zloxg's alone and T,zloxgt plus predators

exerted a greater reduction of the SAA growth rate than they did in

surnmer. The higher mean daily tenperature nay have contributed to

some degree to the poor performance of Tnioxg.s during summer. But the



Figure 39.

Relationship between the growth rate (= slope) of SAA per day

(expressed as square root of number of SAA) in different type of
cages (4, B and C) in different seasons and the total day-degrees

during Ehe experiment (see Appendix Tables 18, 23 and 25). With

only 3 points for each ttcurvett, no curve fitting is possible and

curves have been drawn by eye to ilLustrate the likely trends.
The type of cages was as fo11ow: (A) fine nylon gatze,cage, (B)

coarse nylon gavze cage and (C) partly open cage.
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high SAA-7n-Loxg's densiLy ratio in earl-y summer could also have been

responsible. This high SAA,-7'zLoxga density ratio is probably due to

heavy predation, rnainly by Cocúnz-lL¿ and Íliutonu's, in late spring

(see Section 3.3.1.5). The rrcritical periodrr of predation for the

Tn-ioxgz population is 1ike1y to be during a few wegks in late spring

when the number of predators is higher than either the number of prey

or Tnioxg's. Heavy predation then may be more disadvantagous to

Tn Loxg,t than to SAA and cause resultant increases in the S{A''Tnioxg's

density ratio in early surnmer (see Section 3.3.1.1).

The direct impact of predation on Lhe T'z-Loxga population

whÍch may affect. the effectiveness of Tzioxga has been demonsLrated

in the laboratory and the field. The laboraúory experiment data

(Section 6.4.3) suggested that I femal-e T'zLoxg't was able to control

SAA in a cage when the aphid population was started with 100 aphids;

when 1 pair of Coccinz!-t¿ adults werL added - in another treatment -

the number of aphids was no lower but. the numbers of Tn-Loxgó were

reduced in the following generation. The field experiment data

(Section 6.4.2) showed that predators alone (mainly Cocün-ellø) were

capable of destroying 29-t+L7. of. Tnioxg's numbers, depending on the

season. Evidence of another disadvantagous of predation on SAA is

also presented in this thesis i.e. it did not reduce the nunbers of

ecto-secondary parasitoids. hlith the additional action of these

secondary parasitoids, the population of Tnioxg¿ hras further decreased

by L4-L5%.

The poor performance of Cocüt¿e-(l.c¿ during sunmer is not

clear because sürlÍtêr weather and abundance of prey should be
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favourable for its intensive predation and reproduction (Frazer ei-

a!, 1981, Baumgaertner el a!, 1981). Hor+ever, parasitism by

D)nocampu-s cocc)ne.-!-Laz and Teltza,tÍ)chu) sp. , which are relatively high

Ín this period of the year' could have been responsible.

7.2 Effect of temperature

The influence of temperature on aphÍds and natural enemies

has been reported by many people (Burnett 1949, 1951, L954,1956,

Flanders L947, Ives 1981, Jones L979, Maelzer L977,1981' Tamaki ¿1,

a-!., 1980). CampbeIl ei aA, (1974) also suggested that the

temperature requirements of some aphids and those of the parasitoids

and secondary parasitoids associated r¿ith theée aphids differed from

place to place for the same species and from species to species. Thus

as suggested by Maelzer (1981), the ecology of the citrus aphid,

ToxopÌztza c-iþL¿üd.u':, and its parasitoids on the wet subtropical

coastal plains on northern N.S.W. will be quite different from the

ecology of the same species in the MedÍterranean-type of climate of

Adelaide, South Australia. But little information is available about

the temperature requirements of the same aphid and parasitoíd species

in different places.

Temperature also influences the phenology of an aphid

species by its influences on the phenology of the host plant and on

the interaction of Uhe aphids with its natural enemies. For aphids

on perennial pasture plant species, such as lucerne, the influence of

plant phenology may not be as important as it seems to be for other
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aphid species on other hosL plants in Australia (Maelzer 1981) - and

the phenology of SAA in Australia, as in Lhe U.S.A., seems to be

determined largely by the relative influences of temperaLure on the

rates of increase of SAA and those of its natural enemies. However,

it is not clear exactly how temperature affecLs the interaction

because rnuch of available inforrnation is only for SAA and Tn-ioxg's and

much of it was obtained in the laboratory and is not easily applied to

the field. Thus Force and Messenger (I964a) measured the effect of

constant temperature on the innate capacity of increase (rm) of both

Tn-ioxg,s and SAA in the laboratory. They found Qüd) that the r*

for T,zioxg.¿ was higher than that for SAA between 15.6 and 32.2oC; bul

below and above this range, the value of r, for SAA was higher than

for Tn-ioxga. However high maximum Lemperaturés in the field could

cause high morLality andfor retard the rate of SAA development (Allen

LgB4, Dickson eL a-¿.. 1955, Messenger L964, Nielson and Barnes 1961).

The leve1 of mortality that could be caused by high field

maximum temperatures ís discussed by A1len (1984) who concluded that

daily maximum temperaLures equal to, or greater than, 38oC for th'o or

more consecutive days caused estímated rnortalities tp Lo 777". A

símilar indication \¡/as reported by Nielson and Barnes (1961). No

quantitative data are available for Tn-Loxg'l but the various references

above (Allen 1984, Force and Messenger 1964a, Nielson and Barnes

1961) generally indÍcate that high temperatures would be more

disadvatagous to TnLoxgz than to SAA. So the lack of influence of

Ta.Loxg's during January-February (summer) Ín South Australia was

likely, indeed, to be due to high daily maximum temperaLures.
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Variations in temperature from year to year may also

l-nfluence the relative abundance of aphids in any one year. Thus

numerous workers on aphid biology believe that many aphid species are

less abundant, after relatively mild springs because the temperatures

that prevail then are relatively more favourable to natural enemies

and allow the natural enemies to build-up rnore rapidly Ín numbers and

retard the growth of aphid populat.ions (Suter and Keller 1977). For

such an aphid species, an outbreak can sometimes be predícted by the

weaLher in spring r e.B. Carter 8L o-!., (1982b) for cereal aphid,

Si-Lol-Lon 1Den¿cl in England. However, the relationship between spring

weather in South Australia and abundance of SAA in the following

summer is unknown. Most of the available data, as r+ell as those

presented ín this thesis, have not been gathered for a sufficiently

large nunber of years for testíng the hypothesis proPosed by Suter and

Keller (1977).

7.3 The impact of ants

It is well known that some populations of homopteran

species appear to thrive when attended by ants. Numerous workers

(Bank 1962, Bartlett 1961, Bradley 1973, Bradley and Hinks 1968,

El-Ziady and Kennedy 1956, Flanders 1943,1945,1951, Johnson 1959,

Tilles and l^lood 1982, hlay 1963, l{illiams 1954) have reported that

ants exert benefÍcial effects on Lhe growth of aphid colonies through

the defence of the aphids against att.ack by naÈural enemies. For

example, Bartlett (1961) reported that disturbance by ants resulted in
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f.rom 27.4 - 98.4% reduction in parasitization, depending on the

parasitoíd species. By contrasL, very few workers have reported the

adverse effect of ants on pest populations. LÍndquist (L942) reported

the depressing effect of ants on the numbers of screwworm, Coch!)ongia

amø/L¿ccrna C. & P., that ernerged from the body of anÍmals that die from

screvrworm infestations; an emergence of 4.L% and 93.17. of screwworm

flies v/as recorded from carcasses which were exposed and protected

frorn the ants respectively. Some other workers have reported the

predation by ants on insect pests of tropical- tree cropsr ê.8. Brown

(1959) and Phillips (L957) reported that good crops of coconut palm in

the Solornon Islands were borne by palms inhabited by colonies of

)ecophglLo 'smatzogd-ino, because thís ant destroyed the pest , hnL-Lgpe!.t-a

cocophoga; and Room (1975) suggested that in É"puu New Guinea the most

ímportant cocoa pest, PanÍ-onhgLü 'szent)uongi, is controlled by the

ant Anop!.o!-epLa !.ongipez, and that in Ghana the ant 1zcophg!-La

longinoda similarly controls the cocoa capsid , Di.stanl)e-lLa

lheoLtzona.

In this study, ants (In't-i-d.ongnnæ-x sP. ) exerted a great

reductíon in the number of SAÀ in suruner when other naLural enemies

seemed to have little influence on Èhe aphid population. The

estimated reductíon in the growth rate of aphid by ants during this

season was 947(. These ants, however, ÌIere ineffective in the wet

autunn, particularly when heavy rain fe11. The heavy raj.n may have

reduced the population of ants in the field either through drowning or

causi-ng the ground to be unsuÍtable for nesting.
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The impact of the ants on the SAA population in spring

could not be tested. However, the disturbance by ants of the

treatments in the parasitoid-predator exclusion experiment (Expt.-1)

indicated that the ants may had a suppressing effect on the aphid

numbers in spring as well.

7.4 The future control of SAA

Since the rr cost/potential-benefitrr ratio for chemical

control of SAA in non-irrigated lucerne farming is high, the use of

aphid-resistant, culLivars, grazing management (Allen 1984) and natural

enemies will probably be the main control measures relied upon by

livestock producers in South AusEralia. However the occurrence of

new bÍotypes of SAA that can thrive on the present resistant cultivars

are likely to evolve in'the future, so that. natural enemies should

always be an irnportant component of integrated control for SAA in

South Australía.

Evidence is presented in this thesis that natural enemies

were likely to be a najor cause of the non-economic status of SAA in

spring and that there is consequently no need of control neasures for

the SAA then. A símilar conclusion v/as reached by Al1en (1984) for

SAA populations in dryland lucerne pastures in South Australia.

The natural enemies that were responsible for keeping SAA

under control during spring were the parasiLoid Tn-ioxga conplana.t-u.:
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and the predators Coccinel-La nzpanda and (licnoruu Ín¿mnnirte and,

probably a¡ts Iu-i^d-om7ilIzp-x sp. t to some exLent . l\ictzomu¿ numbers

gradually decreased as air temperatures increased in summer but

TnLoxgz t Cocc)nz!-tct and In,z-id.omgnnn-u were still abundant then.

TnLoxg,s and.Cocc)nellø, however, exerLed an insignificanL influence on

the SAA population ín summer and it is then that additional control

measures for SAA must be considered. By contrast, Truioxg's is

considered to be an effective parasitoid against SAA in eastern

Australia (Lehane 1982). However, Lehanets conclusion Q-At.d) ís

derÍved from the inferred relationship between the incj.dence of

parasitism by Tnioxg,s and low numbers of SAA in the field, rather than

on more defínitive data. The uncertainty of this relationship has

been criticized by a nurnber of workers (Allen 1984, DeBach and

Bartlett 1964, DeBach and Huffaker 1971, Huffaker and Kennet 1969) who

believe that it is inadequate for the assesrnent of the regulatory or

controlling power of natural enemies.

For the econornic control of SAA , the only alternative to

control by plant resistance may well be the augmentation of natural

enemies, either native or exotic. The two major methods of augmenting

natural enemies are (i) the manipulation of the composition of the

natural enemy complex by Lhe introduction of new species and (ii) the

nodification of the envÍronment in favour of the existing established

natural enemies (DeBach and Hagen 1964, Huffaker eL a-(-, L977, Rabb ¿J

(ú, L976, Tamaki eL al, 1974, van den Bosch and Telford 1964). Before

eÍther method is attempted, the effectiveness of the existing natural

enemies against the pest cornplex should be estimated.
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Evidence is given that the ineffectiveness of Tn_ioxg,t

against SAA in summer was likely to be due to a high host-parasitoid

density ratio (see Figures 5, 6 and Sections 6.2.Lr 6.2.21 6.2.3) in

early sumner and it is then that inoculative, rather than inundatÍve,

releases of. T,vloxgz might effectively help to reduce the SAA number in

summer. Inundat,ive releases of nat.ural enemies are less preferred

for economic reasons rather than ecological ones. stinner (1977)

suggested that the r..ajor problem encountered in using inundative

releases of natural enenies centers on their cost/benefit ratio as

compared to alternatives, such as pesticides. However Lhe

cost/benefit ratio of either inoculative or inundati.ve releases could

not be tesLed for this thesis.

Cocúnp-!-!.a nzpando in dryland lucerne pastures is 1ow in

numbers and is not effective against SAA in summer (Allen 1984). This

aulhor beleives QU¿) that part of the reason for the 1ow abundance

of Cocc)nel-k¿ is periodic severe grazing; however, his efforts to

augment predatÍon by this predator through less-severe grazing were

noL successfull; its numbers were sti1l too 1ow to offer any

reasonable control of SAA. By conlrast, in this study I found that

Cocc)n¿-L!-r¿ was abundant in numbers during periods of late spring to

nid summer and during mid autumn. An indicatÍon has been given that

the poor performance of Cocünellø during summer was probably due to

parasitisn by D)nocctm/2u.5 and, Teltza¿L¿ch¿Ló (see Section 5.2.4.2). The

activity of these parasitoids nay possibly be reduced by applyíng a

selective insecticide at the right time.
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Another alternative for augmentation of natural enemies is

by Ímportation of exotic specíes. Âny species of natural enemy which

is likely to exert control on SAA in summer should have the following

characters: (i) have a wide host range to survive at times when the

SAA is not abundant, (ii) most active in r'¡arm temp9rature, and (iii)

be less preferred by D)nocanpu¿ and Teltza¿t)chu-s.

In conjunction with the augmentatíon of natural enemies of

SAA, the biology and ecology of Inzid.omgnttzx sp. should be

investigated before the augmentation of these ants can be attempted.
Q.¡arnt Ot

A considerable,work has been done by Greenslade (1971a, 1971b ,L972) on
ft

the ecology of some specíes of Inn-id.onitznz-x in the Solomon Islands.

However, to my knowledge, no work has been done in South Australia.
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Appendix Table 1. The species of predators, parasitoids, and
seconãart parasitoids found associaLed with aphids on lucerne in
the study fie1d, January 1981 - October 1982.

Insecta Rel-ative abundance

HFtsreru

Aphididae
Thz-n-Looph)-s Ln-Llo!)L (Monell) f.. nnan-lntt¿

Acgntho'5iphon kond.ù) Shinji )
)

AcgnLhodiphon pi'tum (Harris) )

ITÏ}ÍENOPTERA

Aphidiidae
Tn Loxg't conp!.analt s (Quilis)

Aph)d)u.: spp.

Pteromalidae
Pachgne.tnolz spp.
Ceraphronidae
Denclzoee-nu.l spp.
A1loxístinae
Phoznog!.gphi.s sp.
A-Ltori'sLo sp.
Braconidae
Dinocanpuz coc (Schrank) )
Eulopidae )
Tel¡n¿f)c sp. ')

COLEOPTERA

Coccinellidae
Co ccine-Llo nepatd.o Thunber g

læ),s conlo'zni¿ (Boisd. )

NETIROPTER.A

Hemerobidae
(liozoru¡': to¿non-i-az. (l^/alker )
Chrysopidae
Auzgao pa,signatn Schnieder

DIPTERA

Syrphidae
(le.langgno u)tzieep's ( nocquanL)
S ino agnphu's gnand)conn-i't (Macquart )

ARÀGINIDAE

very conmon 1n
January Lo April

very cornmon in' April-May and
AugusL-September

very corunon l-n
January to April

very cornmon in
April-May and

August-September

cornmon in April-May

common in April-May

less common
less common

comrnon in
November-January

very cofnmon l-n
October-January and March-May

rare

conmon in September-November

common in December-January

conmon in October-January
conmon in October-January

Spiders common throughout the year but ln 1ow numbers.
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Appendix Table 2.1. The estimated numbers of aphids and natural

enemies (L = larvae, A = adul-ts) on lucerne plants iir the study

field at the tr^Iaite Agricultural Research Institute frorn January

1981 to October 1982.

Date of
sampling

Numbers of
aphids per

30 st.ems

Nunbers of
predators per

100 sweeps

Numbers of
parasitoids
per 30 stems

SAA (BGA+PÂ) C,nzpanda l\, f-a¿nanLae

L.A L. A.

Tnloxg.s Second.

P. toids

I 2 I 934s 67

8/L

L5/T

22/L

30/r
e/2

17 /2
24/2

3/3

LO/3

t7 /3

to27

1 181

t74L

2895

3636

34s1

4396

4357

6t+Oz

529r

26

48

L9

49

I
15

31

10

54

7

L2

T7

29

10

2

0

0

0

0

0

16

26

47

84

133

t92
108

r52
181

227

42

63

68

84

86

93

119

90

101

725

1

2

2

I
3

8

15

8

6

19

0

0

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

N.B. The lucerne plants were Lhen mown and grazed but a plot of

30n x 30m was fenced. The numbers of aphids continued to be

estimated in the plot for the next 10 sampling occasions but no

slreeps for predators were Laken because the plot was too small.
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Appendíx Table 2.2. The estinated numbers of aphids and natural

enemies for the period 25 March to 28 May 1981 (L = Larvae,

A = .Adults).

Date of
samplÍng

Nunbers of
aphÍds per

30 stems

Nunbers of
predators per

100 sweeps

Numbers of
parasitoids
per 30 stems

SAA (BGA+PA) C,,zp.pcmrla l\.Le¿naniaz

L. A L. A.

Tn)oxg,s Second.

p.toids

1 2 3 45 67 8 9

2s/3

t/4
8/4

t5/4
23/4

2e/4

sls
13/s

2t/s
28/s

41s1

5150

s742

694t

L2398

8235

3515

2262

669

543

43

702

311

178

682

to32

2547

3106

2705

2988

L7

56

63

114

118

t49
85

101

57

32

5

11

4

15

11

28

2L

L9

9

L4

The lucerne plants were mo\4rn and then gtazed and no samples were

taken until Ju1y.
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Appendix Tab1e 2-3- The eslimated nurnbers of aphids and natural

enemies for the period of 10 Ju1-y to 19 Novenber 1981 (L=Larvae,

A = Adults).

Date of
sanpling

Numbers of
aphids per

30 stems

Nunbers of
predators per

100 sweeps

Numbers of
parasitoids
30 stems

SAA (BGA+PA) C,nzpanda fl.tt¿runLaz
L. AL. A.

Tn-ioxg.s Second.

p. toids

1 2 3 I 945 67

LO/7

t6/7
2s/7

3L/7

6/8

1sl8

22/e

3/e

to/9
L7 /9
25/9

t/to

6

59

39

20

T7L

444

622

2448

10012

13215

11071

7602

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

55

96

1

0

4

I
18

7

20

10

3

2

1

0

0

0

0

0

0

0

9

35

37

33

167

37

0

I
5

I
45

60

47

25

24

15

46

65

The lucerne plants were then cuL.

13/10

2t/ro
29/Lo

s/n
L2/LL

L9/LI

3104

4577

2264

72

7

10

11

L7

tL7

447

4

3

5

16

2r3

480

161

r37

2

2

1

T2L

5

1

22L

72

220

2L9

20

23

0

3

16

4

7

2

The lucerne plants were then cut. Many wÍnged aphids were in
the air.
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A íx Table 2-l+- The estimated numbers of aphids and natural

enemies for the period 10 December 1981 to 16 April 1982

(L=Larvae, A=Adults).

Date of
sampling

Numbers of
aphids per

30 stems

Numbers of
predators per

100 sweeps

Numbers of
parasitoids
30 stems

SAA (BGA+PA) C,nepattdn fl,Í-a¿naniaz

L. A. L. A.

TaLoxgd Second.

p. toids

1

LO/T2

L7 /t2
24/L2

3r/12
7/L

t4/t
2T/L

2

27

57

574

2850

3653

6026

2809

45 93 67 I

3

4

7

I

T4

25

3

6

0

0

0

1

35

95

23

30

67

84

99

87

89

349

4

5

26

19

15

26

81

0

0

0

0

I
1

0

0

0

0

I
3

9

0

0

0

0

1

4

1

The lucerne plants were then mown. Many hot days in February and

the plants grehl very s1ow1y even though they were watered for 6

hours f.ot 7 nights after being mo\4rll.

23/2

2/3

to/3
L7 /3
24/3

L/4

e/4

t6/4

5

15

118

L22

43L

942

866

1599

3

4

I
13

83

272

7L9

1061

2

5

7

T6

46

62

66

97

0

0

1

6

25

57

61

85

0

0

0

I
0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

13

25

0

0

1

I
2

1

2

5

The lucerne plants v/ere mown and then grazed.
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Appendlx Table 2.5. The estimated nurnbers of aphids and natural

enemÍes for the period 10 May to 17 October 1982 (L = Larvae,

A = Adults).

Date of
sampling

Numbers of
aphids per

30 stems

Numbers of
predators per

100 sweeps

Numbers of
parasitoids
30 stems

SAA (BGA+PA) C, zepanda [\, Ín¿mat'u-rtp-

L. A. L.A
7n-Loxg,: Second.

p. toids

I 2 3 8 945 67

LO/s

L7 /5
24/s

3L/s
7/6

L7 /6
24/6

L/7

8/7

ts/7

22

226

153

20

L7

3

0

0

0

0

218

470

t298

4839

3871

9006

8328

L42L3

19886

10684

0

0

0

0

0

0

0

0

0

5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

L2

I
2

2

0

5

0

0

3

The lucerne plants were then mown.

2/e

ele
L6/e

24/e

L/LO

8/ro
L7 ILO

238

829

2755

7964

4776

3869

2372

0

0

0

0

I
9

33

0

0

0

24

23

42

15

28

33

0

23

51

85

58

22

3

29

37

46

95

70

116

t92

19

9

0

30

The lucerne plants vrere then gtazed.
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Appendix Tabl-e 3. Sex-ratios of TnLoxga conplnnafu-t emerging

from stem samples (Sect.ion 3.2.2.4.1) at each date of sarnplíng

from I January to 28 May 1981 and from 10 December 1981 to 16

Apr11 L982,

Date of
sarnpling

8/L

L5/L

22/t
30/1

e/2
t7 /2
24/2

3/3

ro/3
17 /3

2s/3

U4
8/4

Lsl4

23/4

29/4

sls
t3/s
2r/s
28/s

Numbers of Tn-ioxg.s

per 30 stems

Total Males (7")

Numbers of. Tnioxg':

per 30 stems

Total Males (7.)

Date of
sampling

LO/t2

T7 /T2
24/t2
3t/72
7lL

La/t
2L/L

23/2

2/3

LO/3

L7 /3
ztr/g

L/4

el4
16/4

0

0

0

0

33

44

43

0

0

0

33

40

6s

54

61

0

0

0

2

10

37

37

52

0

0

1

6

25

57

61

85

17

42

63

68

84

86

93

119

90

101

L25

s6

63

114

118

t49
85

101

57

32

9

36

42

85

90

113

69

77

43

24

52

73

68

7T

69

67

62

60

75

70

53

6¿+

67

75

76

76

81

76

75

75

0

0

0

0

3

9

L4

22

46

46

60

59

62

74

s4

76

87

0

0

0

0

1

4

6
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Aopendix Table 4. Sex-ratlos of Tn Loxga conplnuLu.t Èrapped by
trsuctlonrr and rrdarkrf traps frorn 23 February - 1ó Aprll- 1982.

Suction traps Dark traps

Date of
sanpllng

Males

(z)
lfales

(7")

23/2

2/3

LO/3

L7 /3
24/3

Ll4
e/4

16/tt

4

8

26

t25
L7L

360

494

t436

0

100

50

40

46

63

85

90

0

I
2

5

13

30

33

363

50

38

54

56

57

73

86

95
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Appendix Table 5. Numbers of parasitoids* trapped in rrsuctionrl

and I'darktttraps from 13 Oct.ober 1981 to 16 April 1982.

Date of
samplíng

7n)oxg't Secondary

parasitoids

rrsuction trapstl ItDark Lrapsrl

7n)oxg,s Secondary

parasitoids

Oct. 13

2l
29

Nov. 5

L2

19

Dec. 12

17

24

31

Jan. 7

T4

2L

Feb. 23

Mar. 2

10

T7

24

Apr. I
9

t6

0

0

0

o

0

0

0

0

0

0

0

0

0

4

I
26

t25
L7T

360

494

t436

0

0

0

0

0

2

0

I
0

1

1

0

0

I
4

2

I
I
1

I

0

0

0

0

0

0

0

0

0

0

I
I
0

0

I
2

5

13

30

43

363

0

0

2

0

3

2

0

0

0

I
0

0

0

0

I
0

0

1

0

0

415

* total number of parasitoids cought from 3 traps.
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the rrautumn datatr (Table 4.2r 25

large . ( Snedecor and Cochr an 1 967 ;
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for a deviation of the first point of
filarch 1S81 ) that looks suspiciously

p 15?-158).

Step 1

Step 2. Eompute the regression r¡ith this point omitted.

t/tth n = 10 - 1 = 9, the value of I = 1.9?¡ t"'

Y I .4751 + 0.2286X; S2yx -- g.O2O4 uith ? d.f .

Step 3. For the = 2.05 - 1.9? = 0.08r

= 1.4?51 + (0.2296) (o.oB)

= 0.8937

It has been mentioned in Section 4.2 that for the first point of
rrautumn datarr r¡ith X = 2.05, Y = 0.893?r the deviation

d 0.5368 is as large as tuice any other deviation.
yx

2 .1 088

point r X

/\
Y

Y

1.4934

Step 4. Since the point u,as not used in'computing this line, it can be

the population, and a test uhether

is r,lÍthin sampling error:
regarded as a

its deviation

d 2 
= Y - î =yx

neu¡ membe¡ of

from the line

0.8937 1 .4934 0. 599?

the variance

5ŷ-v
2

s yx

due to

tl(t+
sampling

1/(n-1 ) +

error rs:

( x'lss 2
)x

= 0.0204

The value oft
! = (v - î)¡s

(o.oBf/r.roBB)l (o.o2o4)(1.1143) o.o22?

? d.f.
4.O29.

t( 1 + 1ls
is

^=v

+

The 1f level of t
By interpolation t

-0.599?/ llt.liìf = 3.9?9 r r¡rith

is 3.499 and- the 0.5Í level is
P is about 0.00547.

v'

This probability of t-test does not apPly¡ because the test

assumes that the neul member is randomly draun. Insteadr the

probability level Ís estimated as nP¡ and so should be

= (10)(O.ooSoZ) = 0.054?, therefore the qu!! ÞypolEgsis is not

ggigglgg at the usual 5f probabílity level.
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Apoendlx Table 7. Conparlson of regressÍon llnes the responses

of Tnloxg¿ to the changing of SAA in 1981 (January-May) and in
1982 (February-April) .

Deviation fron regression

Within years d.f . SS MS

1981

1982

T7

6

.3006

.1107

.or77

.0185

23 .4113 .0179

Pooled 24 1.1695 .0487

Difference between slopes 1 .7582 .7582

Tests of hypothesesi

(a) Residual variances are homogeneous:

F = .0185/.0L77 = 1.05 ; d.f. = 6,17; P)0.05; N.S.

(b) Homogeneity of slopes:

F=.7582/.OL79 = 42.36 ; d.f. = 1,23; P(.001
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Appendix Table B. Comparison of regression lines of responses

C, ze.pand,o to SAA in summer (Decemberl98l-January 1982) and in
auturnn (March-April 1982).

Deviation from regression

tlithin seasons d.f. SS MS

Summer

Autumn

5

5

.3092

.0792

.0618

.0158

10 .3884 0388

Pooled 11 .5L74 .0470

Difference between slopes 1 .1290 .1290

Combined 12 .7025

Difference between intercepts I .1851 .1851

Tests of hypotheses:

(a) Residual variances are homogeneous:

F = .06L8/.0158 = 3.91 ; d.f. = J,5; P)0.05; N.S.

(b) Hornogeneity of slopes:
F= .1290/.388 = 3.32; d.f. = 1,10; p>0.05; N.s.

(c) Homogeneity of intercepts:
F = .185I/.0470 = 3.94; d.f. = 1,11 ; p).05 ; N..S.
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Appendix Table 9. Anal yses of variance of linear regression of
growth rate of SAA in rrfine gauzert, ttcoarse gauzefr, and rrpartly

openrt cages; parasitoid-predator exclusion experiment I, 28 Oct.

- 25 Nov.(spring) 1982.

Source of variation d.f. SS MS FP

(A)Fine cages

Línear regression I
Deviation from linearity 13

Total L4

L441.46 99.33 <.005

L4.66

L44L.46

190.59

1625.r7

(B)Coarse cages

Linear regression
DeviatÍon from linearity
Total

I
13

L4

596.06

343.13

929.L9

596.06 22.21 <.005

26.39

(C)Partly open cages

Linear regression

Deviation fron linearity
Total

I
13

t4

L22.O3

L56.26

278.29

I22.O3 10.15 ' <0.025

L2.O2
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TablÀAppendix 10. Test of significance of linear regression of

-++4-
the growth rate of SAA in ttfine gauzett, Itcoarse gauzett, and
rrpartly opentt cages; parasf-toid-predator exclusion experiment I,
26 October - 25 November (spring) 1982.

(A) Fine cages

Source of variatíon ,d.f. ss MS

Deviation from linear regression

Deviation from curvílinear regression

Reduction in SS

F = 0.ll/15.87 = 0.007 d.f. = l,l2; P>0.05; N.S.

(B) Coarse cages

Source of variation d.f. ss MS

Deviation from línear regression

Deviatíon from curvilinear regression

Reduction in SS

F = 79.59 /2L,96 = 3.62; d.f . = 1,12; P)0.05; N.S.

(C) Partl¡r open cages

Source of variation d.f . SS MS

Deviation from liner regressi-on

Deviation from curvili-near regression

Reduction in SS

190.59

190.48 15.87

13

12

I .11 0.11

343.13

363.54 2L.96

13

12

r 79.59 79.59

L56.26

L56.25 13.02

13

T2

1 0.01

F = .006/13.021 = .001; d.f , = L,L2i P)0.05; N.S.
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App endix Table 11. Comparison of regression lines of growth rate
of SAA in trfine gauzetr and ttcoarse gauzert cages; parasitoid -
predat-or exclusion experiment I, 26 October-25 Novernber (spring)
t982.

Deviation from regression

Within cages d.f. SS MS

Fine cages

Coarse cages

13

13

190.59

343.t366
14.66

26.39sL

26 526.8442 20.2632

Pooled 27 62r.4824 23.Or7g

Difference between slopes 1 94.6382 94.6382

Tests of hypotheses:

(a) Residual variances are homogeneous

F = 26.395L/I4.1314 = 1.87; d.f. = 13,13; P).05; N.S.

(b) Hornogeneity of slopes;

F = 94.6382/20.2632 = 4.67; d.f . = 1r26i p1.O5
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Appendix Table 12. Cornparison of regression lines of growth

rate of SAA in |tcoarse gauzett and rrpartly opentt cages;

parasitoid-predator exclusion experiment I, 26 October-

25 Novernber (spring) L982.

Deviation frorn regression

l,lithin cages d.f. SS MS

Coarse cages

Partly open cages

13

13

343.1366

156.2551

26.395r

12.oLg6

26 499.39L7 19.2074

Pooled 27 586.0066 2t.7039

Difference between slopes 1 86.6149 86.6L49

Tests of h theses 3

(a) Residual variances are homogeneous:

F = 26.39/L2.0196 = 2.2O; d.f. = 13,13 ; P).05
(b) Homogeneity of slopes:

F = 86.6149/19.2071+ = 4.5I; d.f . = I,26 P<.05

; N.S.
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Appendix Tabl-e 13. The analyses of variance of linear regression

of growth rate of SAA in dífferent sorts of cages (treatments):
(A)=fine cages + fluon; (B)=Coarse cages + fluoni(C)=Partly open

cages + fluoni (D)=fine cages with no fluoni (E)=Fine cages plus

fluon until day but 18 after the starL of the experiment, then

open to natural enemies; (F)=Fine cages plus fluon until day 18

after the start of the experimenL, then open to natural enemies

(except ants). ParasiLoÍd- predator exclusion experirnent II,
4 -29 January (summer) 1983.

Source of varlation

(A).
Linear regression
Deviation from linearity
Total

(B).
Linear regression
DevÍation from linearity
Total

(c).
Linear regression
Deviation from linearity
Total

(D).

Linear regression
Deviation from linearity
Total

(E).
Linear regression
Devíation from linearity
Total

(F).
Linear regression

Deviation frorn linearity
Total

MSd.f. ss FP

752.25 752.25

r32,62

884.87

73.75 <.0051

13

t4

1

13

t4

501 .01

r25.20

626.22

52.03 <.005501 .01

9.63

1 21.81 <.005

13

L4

370.39

220.75

591.14

370.39

16.98

I
13

T4

0.03

T30,72

130.75

0.003 >.25 N.S.0.03

10.06

I
13

L4

74.33

766.29

840.61

0.87 >.25 N.S.74.33

95.14

1

13

L4

463.59

470.32

933.90

12.81 <.005463.58

36.18
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Appendix þþle_l¿f, Test of signíficance of the linear regression

of the growth rate of the SAA in different sorts of cages

(treatments): (A)=Fine cages plus fuoni (B)=Coarse cages p1-us

fluon; (C)=Partly open cages plus fluon; (D)=Fine cages with no

fluon; (E)= Fine cages plus fluon unLil day 18 from the start of
the experiment, then open to natural enemiesi(F)=Fine cages plus

fluon until day 18 from the starl- of the experiment, then open

to natural enemies (except ants). ParasiLoid-predator exclusion

experinent .II, 4 - 29 January (sumrner) 1983.

Source of variation

(A).
Deviation from linear regression
Deviation from curvilj-near regression

Reduction in SS

F = 1.59/LO.92 = 0.15 d.f . = Irl2 P>.05; N.S.

(B).
Devíation frour linear regression
Deviation from curvilinear regression

Reduction in SS

F=3.34/IO.16=0.33 d f = lr\2 P>.05 ; N.S.

(c).
Deviation from linear regression
Deviation from curvilinear regression

Reduction in SS

F = 5.64/17.93 = 0.31 ; d.f . = L,LZ; P).05 ; N.S.

(F).
Deviation from linear regression
Deviation from curvilinear regression

Reduct.ion in SS

F= 85.76/32.08 = 2.68 ; d.f . = LrL2 ; P).05 ; N.S.

SS MSd.f.

I32.62
131.03 1o.92

13
t2

I 1.59 1.59

10.16
13
L2

I25.2r
L2L.B7

1 343,34 3

220.75
2r5.ro 17.93

13
I2

I 5.65 5.65

470.33
384.57 32 08

13
L2

I 85.76 85.76
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Appendix Table 15. Comparison of regression lines of SAA growth

rate in ttfine gauzett and |tcoarse gauzettcages;parasitoid-predator

exclusion experiment If, 4 - 29 January (sumrner) 1983.

Deviation from regression

Within cages d.f. SS r{s

Fine cages

Coarse cages

13

13

732,6204

t25.2026

10.2016

9.6310

26 257 .8230 9.9167

Pooled 27 270.5442 rO.0202

Difference between slopes I T2.7TL2 L2.7TT2

Combined 28 308.6786

Difference between intercepts I 38.1344 38.1344

Test of hypotheses:

(a) Residual variances are homogeneous:

F = 10.2016/9.6310 = 1.03 ; d.f. = 13,13 ; P).05 ; N.S

(b) Ilornogeneity of slopes:

F = 12.7172/9.9167 = L.28 ; d.f. = 1 126 iP).05 ; N.S.

(c) Homogeneity of intercePts:
F = 38.L344/ LO.O2Q2 = 3.8058 ; d.f . = Ir27 ; P).05 i N.S.



230

Appendix Table 16. Comparison of regression lines of the SAA

growth rate in ltfine gauzett and rrparLly opentt cages; parasitoid-
predaLor exclusion experiment II, 4 - 29 January (summer) 1983.

Deviation from regression

Within cages d.f SS MS

Fine cages

Partly open cages

13

13

t32.6204

220.7463

10.2016

16.9805

26 353.3667 13.5910

Pooled 27 386.8385 14.3273

Difference between slopes I 33.4698 33.4698

Combined 28 582.7099

Difference betr^¡een intercepts 1 t95.8714 195.8714

Test of hvpotheses:

(a) Residual variances are homogeneous:

F = 16.9805/10.2016 = 1.67 ; d.f. = 13,13 ; P).05 ; N.S.

(b) Hornogeniety of slopes:

F = 33.t+698/L3.5910 = 2.46 ; d.f. = 1,26 i P>.05 ; N.S.

(c) Homogeneity of intercepts:
F = 195.87It+/ L4.3273 = L3.67I2 ; d.f . = I,27 ; P(.001
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Appendix Table 17. Comparlson of regressfon 1lnes of growth rate
of SAA in rrfine cagestt and |ttreatment Frr (see Section 5.2.1 for
detail of the treatrnents); parasitoid-predator exclusion
experiment II, 4 - 29 January (summer) 1983.

Devfation fron regression

Irrithin cages d.f. SS MS

Fine cages

Treatnent F cages

13

13

L32.6?04

470.3236

10.2016

36.L787

Test of hypothesis:
(a) Residual variances are homogeneous:

F = 36.L797/LO.2OL6 = 3.5464 ; d.f. 13,13 ; p(.05
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Appendix Table 18. Air temperatures for the first 25 days during
experiment I, spring 1982.

Day Date

Maximum

temperature

(oc)

Minimum

temperature

(oc)

Day-degrees
o

above 7.4 C

*

1

2

3

4

5

6

7

8

9

10

11

12

13

t4
15

t6
T7

18

19

20

2T

22

23

24

25

Oct. 26

27

28

29

30

31

Nov. 1

2

3

4

5

6

7

I
9

10

11

12

13

t4

15

16

t7

18

19

31.6

28.0

20.3

22.r
24.7

22,9

23.5

29.5

27.2

17.7

L7.2

20.6

26.2

28.0

20.5

17.3

19.4

19.0

19.2

15.0

15.9

L6.4

15.7

19.6

22.5

26.2

L2.4

10.8

10.3

9.9
10.8

12.7

17.5

23.7

13.3

10.0

9.7
13.6

2L.4

15.7

L2.8

tL.4
LL.2

9.7

12.8

10.4

7.6

9.5

9.1

12.o

18. B

12.8

8.2

8.8

9.9

9.5
10.7

16.1

18. 1

8.1

6.2

7.8

L2.5

17.3

10.7

7.7

7.7

7.7

0

9

7.1

6.s
5.8
4.6

5.4
7

9

* after Hughes and Roberts (1978).

Total day-degrees 244.9
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Appendix Table 19. ,{nalysls of variance for linear regression of
growtF rate of SAA in differenl sorls of cages (treatments):
(A)=finecages + fluoni (B)=coarse cages + fluon; (C)=partly open
cages + fluon; (D)=fine cages with no fluon; (E)=fine cages +
fluon unLil day 18 and then opened to natural enemiesi (F)=fine
cages until day 18 and then opened to natural enemies other than
ants; parasit.oid-predator exclusion experiment III, 28 April -
23'l"lay (autumn) 1983.

Source of variation d.f. SS MS F P

(a)
Linear regression
Deviation frorn linearitY
Total

(B)

Linear regression
Deviation from linearity
Total

(c)
Línear regression
Deviation fron linearity
Total

(D)

Linear regression
Deviation from linearity
Total

(E)

Linear regression
Deviation fron linearitY
Total

(r)
Llnear regression
Deviation fron linearlty
Total

1

13

L4

234.45

32. 15

266.60

94.L6

58.98

153. 14

16.91

22.85

39.76

t57.36

42.29

199.6s

129.44

94.69

223.L3

L26.90

75.54

202.44

234.45 94.92 <.005

2.47

94.16

4.54

20.74 <.005

16.91 9.61 <.025

L.76

r57.36 48.42 <.005

3.25

129.44 17.64 <.005

7.28

126.90 21.84 <.005

5.81

I
13

T4

I
13

L4

1

13

t4

I
13

L4

1

13

L4
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A x Table 20 Test.of significance for linear regression
of SAA in different sorts of cagesthe gro rate

(Treatrnents): (A) = fine cages *fluoni (B)=coarse cages + fluon;
(C) = partly open cages * fluon; (D)=fine cages with no fluon;
(E) = fine cages until day 18 and then were opened to natural
enemies; (F) = fine cages + fluon until day 18 and then rqere
opened to natural enemies other than ants; parasitoid-predator
exclusion experiment III, 28 ApriL-23 l4ay (auturnn) 1983.

Source of variatíon d.f. ss MS

(A)
DeviaLion from linear regressi-on
Deviation from curvilinear regression

Reduction in SS

F= 7.95/2.02 = 3.91+ d.f. =1r12 P>.05 N.S.

(B)
Deviation from linear regression
Deviation fron curvilinear regression

Reduction in SS

F=0.3I/4.87=0.06 d.f. =1,12 ; P).05 N.S

(c)
Deviation fron linear regression
Deviation from curvílinear regression

ReducLÍon in SS

F = 5.85/L.42 = 4.12 ; d.f. = 1,12; P).05 N.S.

(D)
Deviation from linear regression
Deviation from curvilinear regression

Reduction in SS

F=4.88/3.L2+I.56 d.f. = 1r12 P>.05 N.S.

(E)
Deviation from linear regression
Deviation from curvilÍnear regression

Reduction in SS

F = O.O2/7.89 = 0.0025 ; d.f . = trl2 ; P).05 ; N.S.

(F)

Deviation from linear regression
Deviation from curvilínear regression

Reduct.ion in SS

32.15
24.20 2.O2

13
L2

I 7.95 7.95

58.98
58.67

13
L2

1 0.31 0.31

22.85
17.00 I.42

13
L2

1 5.85 5.85

42.29
37.4L 3.r2

13
t2

1 4.88 4.88

94
94

69
7 89

13
I2 .67

1 0.02 0.02

75.53
74.72 6.23

13
T2

I 0.81 0.81

F=0.81/6.23=0.13 d.f.=1r12;P).05;N.S.
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A ndix Table 2 Cornparison of regression lines of growth rate

of SAA in rrf ine gauzett and ttcoarse gauzett cages; parasitoid-
predator exclusion experinent III, 28 April-23 May (auturnn) 1983.

Deviation from regression

Irrithin cages d.f. SS MS

Fine cages

Coarse cages

13

13

32.L465

58.9807

2.4728

4.5370

26 9L.L272 3.5049

Pooled 27 106.8543 3.9576

Difference between slopes 1 L5.727r 15.727L

Test of h hesÍs:
(a) Residual variances are homogeneous:

F = 4.5370/2.4728 = 1.83 ; d.f . = 13,13

(b) Homogeneity of slopes:

F = 15.7271/3.5049 = 4.49 ; d.f . = 1126

P>.05

P<.05

N.S.
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Aooendix Tahle- 22- Comparison of regreesion lines of growth rate
of SAA in rrfine gauzert and in ttpartly opentt cages; parasitoid-
predator exclusion experiment, 28 April - 23 Ylay (autumn) 1983.

Devíation from regression

llithin cages d.f. SS MS

Fine cages

Partly open cages

13

13

32.1465

22.844r

2.4728

t.7572

26 54.9906 2.1150

Pooled 27 LL7.7023 4.3593

Difference between slopes 1 62.7Lr7 62.7117

Test of hypotheses:

(a) Residual variances are homogeneous:

F = 2.4728/1.7572 = 1.41 ; d.f. = 13,13 ; P).05 ; N.S.

(b) Homegeneity of slopes:

F = 62.7LI7/2.1150 = 29.65 ; d.f . = t,26 ; P(.001
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Appendix Table 23. ,{ir t emperatures for the first 25 days during
experiment II, sunmer 1982/1983.

Day Date

Maximum

temperature
(oc)

Minimurn

Lemperature

(oc)

Day-degrees

above 7.4oc
*

I
2

3

4

5

6

7

I
9

10

11

T2

13

t4
15

16

17

18

19

20

2L

22

23

24

25

Jan. 4

5

6

7

I
9

10

11

T2

13

I4

15

16

L7

18

19

20

2T

22

23

24

25

26

27

28

36.0

32.O

20.8

23.5

31.0

37.6

42.2

24.1

23.7

26.r
31.5

36.4

32.I
38.3

38.5

39.0

39.4

38.8

42.9

4L.4

2L.5

2L.5

25.9

29.5

25.0

17.3

16.0

13.6

16.0

12.8

25.9

29.2

L9.2

13.8

L4.7

16.8

1-g.4

L9.4

20.8

30.3

30.4

24.4

23,5

28.9

28.O

16.6

14.0

11.9

14.8

16.9

19.3

16.4

9.8

72,4

14. s

24.4

28,3

14. 3

LL.4

13.0

16.8

20.5

18. 4

22.2

27.0

27.3

24.5

23.8

28.5

27.3

Ll.7
10.4

11.5

14.8

13. 5

* after Hughes and Roberts (1978).

ToLal day-degrees 462.0
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Appendix Table 24.

rate of SAA in
parasitoid-predator
(autumn) 1983.

Comparison of regression lines of growth
ttfine gauzett and in rftreatment Drr cages;

exclusion experiment, 28 April - 23 l{ay

trlithin cages

Deviation from regression

d.f. MSSS

Fine cages

Treatnent ttDtt cages

13

13

32.1465

42.2838

2.t+728

3.2526

26 74.4303 2.8627

Pooled 27 78.2596 2.8985

Difference between slopes I ,3.8293 3.8293

Cornbined 28 95.3623

Difference between intercepts 1 t7.IO27 17.rO27

Test of h theses:
(a) Residual variances are homogeneous:

F = 3.2526/2.4728 = 1.32 ; d.f . =13,13 ; Þ.05
(b) Homogeneity of slopes:

F = 3.8293/2.8627 = 1.34 ; d.f. = 1,26 ; P>.05

(c) Homogeneity of intercepts:
F = 17.1027 /2.8985 = 5.9005 ; d.f . = L,27 ; P(.05
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Appendix Table 25. Air temperatures for the first 25 days during
experinent III, autumn 1983.

Day Date

Maximum

temperature

(oc)

Minimum

t,emperat,ure
o(c)

Day-degrees

above 7.|oC
*

1

2

3

4

5

6

7

I
9

10

11

12

13

L4

15

16

t7
18

L9

20

2L

22

23

24

25

April 28

29

30

May I
2

3

4

5

6

7

8

9

10

11

L2

13

T4

15

16

L7

18

19

20

2L

22

15.9

16.8

16.0

18.5

19.8

20,3

L7.6

L7.2

L5.4

T7.L

18.1

20.5

L7.2

L5.2

L6.4

15.6

16.5

L9.2

2L.4

24.O

22.2

17.r
L4.g

15.0

T4.L

9.8

11.4

12.8

11.0

13.0

13.9

13.6

L2.8

11.3

11 .3

9.8

10.3

13.0

10.4

9.4

12.5

9.7

8.7

11.9

14.4

L7.9

13.3

9.4
LL.7

9.2

5.5

6.7

7.O

7.4

9.0
9.7
8.2

7.6

6.0
6.9

6,6

8.0

7.7

5.4

5.5

6.7

5.7

6.6

9.3
11.8

L2.7

7.8

4.8

6.0

4.3

* after Hughes and Roberts (1978).

Total day-degrees 182.8
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Appendix Table 26. The area of discovery of Tn-Loxg,s at each parasitoid

density calculated from data in Table 18 by a formula described in

Section 6.2.1 (2).

Taioxg't density

Per cage

Area of discovery per Tzioxgz density

Relicates: I II III

t-

1

2

4

I

o.8L72

0.s685

0.3305

0.2093

0.1061

L.2322

0.5620

0.3730

0.1820

0.1186

1.3062

o.7277

0.3873

o.2240

0. 113616
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Appendix Table 27. K-values for parasitism of different densities of
Trvioxg,s, Each parasitoid density was confined with 240 hosts which
were distributed unevenly on 9 lucerne stems in a cage. These data
were calculated from data in Table 20.

Tn ioxg.s

densíties
Host

densities
K-values for parasitisrn

Rep. I Rep. II Rep III Means

1

2

4

10

20

4C

80

10

20

40

80

10

20

40

80

10

20

40

80

0.8239

0.6479

0. 359 I
0.1549

1.0000

o.4207

o.4407

o.4407

0.8239

0.6990

0.4882

0.5229

1.0000

0.5067

o.7892

0.6244

1.1250

0.6990

0.8239

0.8239

0.6990

0.9031

o.5229

0.3846

o.5229

0.5607

o.5229

0. 41 18

o.7570

0.6021

o.7270

0.5607

0.5607

0.9031

o.6244

0.5909

o.6479

0.8239

0.9489

0.9489

1.1250

0.9031

0.5607

0.3591

1.1250

0.8239

0.5809

0.4882

1.0000

1.1250

0.6021

0.5229

1.3011

1.0000

0.7892

0.5809

1 .301 1

0.9031

0.9031

0.9031

0.8826

0.8180

0.4809

o.299s

0.8826

0.603s

0.5148

0.4469

0.8603

0.8087

0.6057

0.5355

0.9539

0.8213

0.7343

0.5954

L.0247

0.8087

0.8920

0.6552

10

20

40

80

8

16

* Each k-values was obtained by subtractíng the 1og of host density
after parasitism from the 1og of hosL density before parasitism
(see original data in Table 20).
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Appendíx Table 28.1. The k-values for parasitism of 1 fenale
7tt-ioxg,s confined with differenl host density. These data were

calculated fron Appendix Table 23.

Exposure

periods
(days)

a)

fnitial-
aphid

density
(adults)

Replicates

I II III

1

4

7

2

4

8

Total

2

4

8

Total

2

4

8

Total

2

4

I
Total

2

4

8

Total

0.3690

o.4772

o.4445

L.2897

1 .0108

0.2878

0.3967

1.68s3

0.4199

0.4832

0.3892

L.29t2

0.4041

o.3248

0.2008

0.9297

o.2345

0.1666

o.2320

0. 6331

0.4674

o.42gg

o.5327

r.42go

0.5669

o.446L

o.2404

r.2533

1.0379

0.5523

0.6199

2.2Q9r

o.4079

o.2567

0.1497

0.8133

o.474I
0.2919

0.2637*

L.0297

0.4314

0.3522

o.2187

1.0023

0.6021

o.79t2
0.7946

2.Ig7g

0.6990

o.29L2

o.2047

L.l94g

0.2806

0.2875

o.3674

0.9355

0.3280

o.23L4

0.1908

o.7502

10

13

Totals for replicate 5.8290 6.7344 6.0708

a) days after Ttuioxgz introduction.
* value of mÍssing value inserted from Section 6.2.3 (2.1.1)
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Appendix Table 28.2. Treatment comblnation totals which were

summed from Appendix Table 28.1

Initial host densities Totals for
exposure period

42 I

1

4

7

l0
13

1.2583

1.5251

1.3267

0.8690

0.6899

1.1959

L.4217

1 .21 18

0.7169

0.6g99

3.72rO

5.1265

4.6952

2.6785

2.4130

7.7324 5.6690 5.2329
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Appendix Table 29. The analyses of variance of linear regression of
parasitism (expressed as the k-value) by Tnioxgz on different host densities;
the parasitoid was allowed to search at various length of tirnes (exposure

periods); experiment VIIA , 24 Ylarch-BApril (early autumn) 1981.

Exposure

periods Source'of variation d.f. ss MS F P

I day Linear regression
DevÍation fron linearity
ToLal

4 days Linear regression
DeviatÍon from linearity
Total

7 days Linear regression
Deviation from linearity
Total

l0days Linear regression
Deviation from linearity
Total

l3days LÍnear regression I
Deviation from linearity 6

Total 7

0.0053 0.6092

0.0087

>.25 NS

0.3253 lL,027L <.025
0.0295

0;1785 3.9933 <.10 NS

0.0447

0.0187

0.0063

2.97 <.25 NS

o.o22I

0.0074

2.99 <.25 NS

1 0.0053

7 0.0612

I 0.0665

I 0.3253

7 0.2066

8 0.5319

1 0.1785

7 0.3131

I 0.4916

1 0.0197

7 0.0440

8 0.0627

o.o22l
0.0445

0.0666
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Appendix Table 30. Bartlettrs test of homogenelty of variance.
All estimates having f = 2 degrees of freedom; experiment VIIA,

early autumn 1981

Treatments
Variance

2
S i

2
Exposure

periods

Host

density
1.og S

L

2

4

I

2

4

I

2

4

I

I

4

7

0.002533

0.003973

0.026200

0.060900

0.066300

0.092500

0.095800

0.018300

0.043100

0.005245

0.001 163

0.013000

0.014600

0.003927

0.001336

-2.5964

-2,4009

-1.5817

-r.2L54
-1 .1785

-1.0835

-1 .0186

-L.7375

-1 .3655

-2.2803

-2.9344

-1 .8861

-1 .8356

-2.40s9

-2.8742

10

13

2

4

8

2

4

I

Total 0.438877

o.o2g25g
-28.3945

-1 .5338S
l_

þ7 = 2.3026 f (a 1og S
t_

= 2.3026 x 2 ( 15 x (-1.5338) - (-28.3945) = 24.8L05

C = 1 + [(a + L)/ 3af = L + 16/60 = I,2667

2chi = l(/c = 19.5867 id.f .= 14 ; P >0.05; N.S.

Eccept nul1 hypothesis Lhat all variance were hornogeneous.

_2 2
.)
1

- tlog S
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Appendix Table 31.1. The aplicat,lon of Tukeyrs additiviLy tesL to the

means of k-values for parasitlsm when one TnLoxg's female was exposed

to different hosl densitÍes and allowed to serach for hosts for different
exposure periods; experiment VIIA, 24 lularch - I April (early auLumn) 1981

(after Snedecor and Cochran L967; Table 11.19.1).

Exposure

periods
(days)

Initial host densities Sum Mean

4 I

Di. I^¡
I

2

I
3

7

10

13

0.4223

o.7266

0.7189

0.3642

0.3455

O.4I9l+

0.5084

o.4422

o.2897

0.2300

0.3986

0.4739

0.4039

0.2390

o.2288

1.2403

1 .7083

1 .5650

0.8929

0.9043

0.4134

0.5696

o.5217

0.2976

0.2681

-0.001
0.156

0.108

-0.117

-0.146

0.0017

o.0243

0.0304

0.0109

0. 01 17

Sum

Mean

d
.j

2.5775

0.5155

0.101

1 .8897

o.3779

-0.036

I.741+2 6.2L:J,4

0.3488

-0.065

0.4141

X.. = 0.4141

N = 0.0041

D = 0.001t ,
SS for non-additivity = (.0041) /D = 0.0155 (this value

was given in ANOVA for tesL of additivity in Appendix Table 3I.2).
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Table endix 31 2 . Analysis of variance for test of additivity
of the means of the k-values for parasitism when 1 Taloxg.t fernale

Ì¡as exposed to different host densit.ies and exposure periods;
experiment VIIA, early autumn 1981 (see Appendix Table 31.1

for calculations).

Source of variation d.f. SS MSFP

Period of exposures

Host densities
Error

Non-additivity
Residual

1 0.0155

7 0.0191

5.74 <0.50.0155

o.oo27
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Appendix Table 32. The k-values for parasitism of 1 female TøLoxg.s

confined wit.h different host densities. These data were calculated
from Tables 30.1 and 30.2. Experiment VIIB, 5-22 YIay (1ate autumn)

1981.

Exposure

periods
(days)

fnitial
host.

densiLies

R e p. 1i c a t e s

ï II III

1

4

2

4

I
Total

Total

2

4

8

Total

2

4

I
Total

2

4

I
Total

0.3910

0.3854

0.2762

0.3980

o.2576

o.2027

0.6690

o.4523

0.301 1

L.0526

0.4523

0.2413

o.2273

0.8583

0.4609

o.43L4

0.3613

r,4224

0.5798

o.4847

o.4437

2

4

8

7

0.9209

0.7782

0. 51 19

o.2467

1.2535

0.6049

0.3449

0.4289

1.5082

o..4649

0.5342

o.4gg4

10

13

1.5369

o.7243

0.5472

0.3939

1.3796

0.9031

0.3632

0.3s94

1.4885

0.6021

0.6601

o.5027

I .6653

0.8528

0.618s

o.44go

L.62s7

0.9165

0.5339

0. 31 14

I.7649

0.5960

o.4629

0.6163

L.9203 1.7618 L.6731

Total for replicat,es 7.0959 6.8779 7.8571
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Appendix Table 32.2. Treatment combÍnation totals which were

summed from Appendix Table 32.1

Exposure

periods
(days)

Inltial host densities Total-s for
exposure period

42 8

1

4

7

10

13

3.3333

3.6826

4.4039

5.0559

1.3747

9.3937 6.8293 5.6079 21.8309
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Appendix Table 33.1. The application of Tukeyrs additivit.y test to
the means of k-values for parasitism when one Ttt-ioxg,t female was

exposed to different. host densities and allowed to search for hosts
for different exposure periods; experiment VIIB, 5-22 ltay (1aÈe

autumn) 1981 (after Snedecor and Cochran 7967; Table 11.19.1)

Exposure

periods
(days)

Initial host densities Sum Mean d

2 4 8

l_
\41i

1

4

7

10

13

0.4860

o.4976

0.6160

0,7432

0.7884

0.3651

0.3858

0. /+636

0.5235

0.5394

0.2600

o.344r
0.3883

0.4196

0.4592

1 . 1111

L.2275

I.4679
1 .6853

1.7850

0.3704

o.4ag2

0.4893

0. s618

0.59s0

-0. 1 15

-0.076
0.004

o.o77

0. 110

0.0287

0.0204

0.0299

0,0426

0.0441

Sun

Mean

d
.j

3.1312

0.6262

0.141

2,2764

0.4553

-0.030

l.g692
0.3738

-0.111

0.1657

0.4851

Check = 0.1657

N = 0.0034

D = 0.0012

SS for non-additiviLy = N2 /D =0.0096

B = N/D = O.OO34/0.0012 = 2.9333

1=1-(Bx);X=0.4851
= | - (2.8333 x 0.4851) = -0.3744
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Appendlx Table 33.2. Analysls of varfance and test of non-additivi ty
for rneans of k-vaLues for exposure perÍods and host densíties;
experiment VIIB, 5-22 l"lay (late autumn) 1981.

Source of varlatlon d. f. SS MS F P

Exposure perÍods

Host densities
Error

4

2

8

0.1107

0.1659

0.013/r

Non-additivity
Resídua1

1

7

0_0096 L7.79 <0.01

0.00054
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Appendix Table 34. The analyses of variance of llnear regression of
parasitism (expressed as the k-value) by TtuLoxg¿ on host densities; the
parasitoid rvas allowed to search at various length of t.imes (exposure

periods); experiment VIIB , 5-22 May (1ate auLumn) 1981.

Exposure

periods Source of variation d.f. ss MS F P

1 day Linear regression
Deviation from linearity
Total

I
7

4 days LÍnear regressíon I
Deviation from linearity 7

Total I

7 days Linear regression 1

DeviaLion from linearity 7

ToLal I

l0days Linear regression, I
Deviation from linearity 7

Total 8

l3days Linear regression 1

Deviation from linearity 7

Total I

0.0823 8.31 <0.025

0.0099

0.0450

0.0085

5.29 =0.057 N.S.

0.0619 3.58 =0.10 N.S.

0.0173

0.1636

0.0147

11.13 <0.025

o.L775

0.0166

10.69 <0.025

I

0.0923

0.0695

0.1518

0.0450

0.0596

0.1046

0.0619

o.12L4

0.1833

0.1636

o,Lo29

0.2665

o.I775
o.1162

0.2937
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Appendix Table 35. Comparison of regression lines of Tntoxg,s

responses (expressed as the k-value for parasitism) on different.
exposure periods and host densities; experiment VIIB, 5-22\"[ay
(late autumn) 1981.

l,Iithin (initial) host densÍties
Deviation from regressíon

d.f. SS MS

2 SAA per st,en

4 SAA per stem

3

3

0.00390 0.00130

0.00120 0.00040

6 0.00510 0.00085

Pooled 7 0.01180 0.00170

Difference between slopes 1 0.00670 0.00670

Test of hypotheses:

(a) Variances are homogeneous:

F = 0.00130/0.00040 = 3;250; d.f . = 3,3; p).05; N.s.
(b) Homogeneity of sl-opes :

F = 0.00670/0.00085 = 7.8824; d.f. = 116; p(.05
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Appendix Tabl-e 36. The analysls of varlance for regresslon of percentage

of male progeny of a pair of Tn-Loxg's on different host denslties
(see Table 32.2); experirnent ÏX.

Source of variation d.f . SS MS F P

Total
Linear regressl-on

Deviation from linearity
Quadratic regression
Deviation from quadratics

5

1

4

1

3

<.005

<.05

I
I

I

l
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Appendix Table 37. Analyses of variance
aphids at different times of sampling;

original data are in Tables 40.1 and 40.2.

for numbers of live
experiment XIIï. The

Source of variation d.f. SS MS F P

D.v4
Treatments

Replicates
Error
Total

ùay 7

Treatrnents

Replicates
Error
Total

Day 1O

Treatments

Replicates
Error
Total

Day 13

Treatments

Replicates
Error
Total

15.4036

2.6515

t7.6247

35.6797

6 25s.396s

I O.7g2g

6 29.8314

13 286.0209

6 949.7248

r L2.3349

6 2.L624

13 97s.O34r

6 L42r.6174

1 0.1954

6 t4.6572

13 L436.4700

236.9362

0.1954

2.4429

>.05 N. S .

>.05 N.S.

<.01

>.05 N.S.

<.005

>.05 N.S.

<.005

>.05 N. S .

6

1

6

2.5673

2.6515

2.9374

.97t9

158.2875

12.3349

.974

.903

8.561

0.160

73.200

5.704

13

566r42

.79290

4

96.99L

0.080
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Appendix Table 38. Analyses of variance (sp1it -plot) of numbers

of mumnles per female TnLoxg's in the presence and in the absence

of adult CocúneLln at different times of sarnpling. The 0riginal
data are in Tables 42.I, 42.2 and 42.3.

Source of variation d.f. SS MS F P

Day 7

Main plots
ReplicaÇes

Tn-Loxg,s densities (T)

Error (a)

Subplots

Coc.ün e-lla densities (C)

Interaction (TC)

Brror (b)

Total

Day 10

MaÍn plots
Replicates
Tn Loxg,t densitÍes (T)

Error (a)

Subplots

Co ccin-e-!-tø densities (C)

Interaction (TC)

Error (b)

Total

Day 13

Maln-plots
Replicates
TaLoxg,s densities (T)

Error (a)
Sub-p1ots

Coccìne-!-ln densities (C)

Interaction (TC)

Error (b)

Total

5

1

2

2

6

I
2

3

11

5.54

0.59

1 .41

3.54

19.97

8.31

1.01

10.65

25.51

0.30

0.02

o.2L

0.07

/+8.05

42.L9

3.09

2.79

48.35

4.40

2.05

1.16

1.19

26.68

22.25

1.04

3.39

31.08

0.59

0.71

r,77

8.31

0.51

3.55

0.02

0.11

0.04

42.L9

1 .54

0.93

2.O5

0.58

0.60

22,25

0.52

1.13

0.33

0.40

>.05 N.S.

>.05 N.S.

2.34

0.14

>.05 N. S.

>.05 N. S .

5

1

2

2

6

1

2

3

0.57

2.75

> .05 N. S.

>.05 N. S.

45.37

1.66

<.01

>.05 N. S.

11

5

1

2

2

6

I
2

3

3.42

0.97

>.05 N.S.

>.05 N. S.

19.69

0.46

<.05

>.05 N.S.

11




