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results of field observations and laboratory predation

trials, the conclusion can be made that adult H. trede-

cimpunctata is unlikely to regulate populations of pea

aphids.
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CHAPTER I

INTRODUCTION

rrThe use of insecticides largely destroyed Ëhe early
atËempts aË biological control and interest remained low for
as long as insecticides appeared quite successful. However,

" Ëhe problems of insecticides soon became apparenE and in the
last decade there have been tremendous developments in bio-
logical control, partícularly in combination with other
measures to form integrated control. rn Ëhese developments

aphids and mites, which perhaps include the most wídespread

crop pests, have received special attenËion and therefore
there has been aroused greaË inËeresË in coccinellÍds as

potential control agentst' (Hodek L973).

There is abundanË evidence that coccinellids are

often a major cause of mortality of aphids. DespiËe Ëhe

very considerable amount of work already done on aphido-

phagous coccinellids, much sËill needs to be done before

Ëhey can be used to best advanËage.

solomon (L949) introdúced Ëhe concept of rtfuncËional

response to prey densitytt Ëo describe the way in which the

number of prey kilted/individual predator changes, and
rrnumerical response to prey densitytt to describe changes in
the numbers of the predator brought about by changes in prey
density. The effectiveness of coccinellids particularly
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Hippodamia Ëredecimpunctata L. as predators of the pea aphid

Acyrthosiphon pisum (Harris) on fababeans (Vicia faba L. )

will be considered in relation to these responses.

Fababeans are small-seeded relatives of the garden

broad bean, and are relatively new as a cïop in Manitoba.

Four culËivars of fababeans, Ackerperle, Diana, Herz Freya,

and Erfordia are gro\^7n in Manitoba. Six thousand hectares

r^7ere grown in the province in L972, and ín L973. Tn L974,

the area of fababeans r^7as approximately 11200 ha (Hanec

L975). The area of fababeans planted in 1978 was 4,500 ha.

In the present study the population density of coc-

cinellids and pea aphids in fababean fields at Glenlea,

Manitoba was monitored in L977 and L978. This concerned

the nr¡merÍcal response to prey density.- A study of 'the

ínfluence of temperature and population density of pea

aphids on the feeding rate of coceinellids on fababean \^7as

conducted in the laboratory. This concerned Ehe functional
Tesponse to prey density.

From the laboraËory study, a response surface of

predation can be constructed to predict the feeding rate of

coccinellids on pea aphids under different ËemperaËure

condÍtions and at differenË aphid densities. Incorporating

the results of the field data and laboratory data, wê can

see whether coccinellids are likely to be effective in regu-

lating pea aphid numbers on fababeans. Thís may give some

idea of how coccinellids might be used in a biological



conËrol sysËem for management of pea aphid'populations on

fababean.

' ::iì¡i
-r:..irr:: I



CHAPTER II

REVIEhI OF LITERATURE

Economic Impor.tance gnd Biology of the Pea Aphid

A. Damage to Crop Plants

The pea aphÍd is a serious pest of peas , aLf.alf.a,

vetch, contrnon clovers, and sweet clover. Pea aphids usually

infest the terminal growth of the plant. Both adult and

young aphids pierce the plant tissue and suck sap from

leaves, stems, and blossoms. Heavily infesËed planËs become

stunted and wilted, and as a result the yield and quality of

the crop may be greatly reduced (Cartier 1968).

Barlow (L977) fed pea aphids for 11 days on pea

plants which Ítere five days old at the beginning of Ëhe

experimenË. Two initial densities of aphids \^7ere used: 5

aphÍds/plant and 50 aphids /pTant; Ëhe aphid density was al-

lowed Ëo increase unchecked throughout the duration of the

experiment. Controls lt7ere run with 0 aphids/plant. He

found thaË during the 11 days feeding by aphids decreased

plant weight by 4.7 percent at an initial density of 5

aphids/plant and by 63.9 percent with an initial density of

50 aphids f pLant.

In L974, two fields of fababeans were heavily in-

fesËed by the pea aphid in Manitoba. In Ëhe middle of

August a field near Homewood had 100 pea aphids/planË;

,i ,':,j
.;,,:,j
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anoËher field near Darlingford was destroyed by pea aphids,

the average number/plant was 2,200 pea aphids (Hanec L975).

The pea aphid is an important vector of plant di-
seases. The principal viruses it transmits are alfalfa

: ìr mosaic (Frosheiser L969), bean yellow mosaic (Adlerz Lgsg),
.: -: ::-

pea enation mosaic (Bath and Chapman L964), pêa seed-borne

mosaic (Aapola and Mink L973), pea streak (Hagedorn and

Vlalker L949) and red clover vein mosaic (Hagedorn and,:_:

"-''' 
:. Hanson 1951). Fababeans are susceptible Ëo bean yellow

,..,::, mosaic virus disease which can be transmitted by pea aphids
(Evans and ZettLer L970).

I 
B. Life Hlstory

The pea aphÍd is an old-world species, occurrÍ-ng

across the Palearctic and oriental regions. rt has invaded

pa::ts of Africa and the Nearctic region. RecenËly the pea

aphid has become a serious pest of alfalfa in ArgenËina and

ì Peru (Mackauer and Staíy Lg67).

Cooke (fg6:) maoe a detailed investigatíon of the
':rir:i:rr ecology of the pea aphid in Ëhe Blue MounEain area of
;::::.: eastern l,IashingËon and Oregon. He found that pea aphids: '..: ::ì::

overwintered as f.ertLLLzed eggs on leaves and stems of
alfalfa. In March, apterous females haËch from eggs

(Figure f); these females are the fundatrix and begin
"i'' I oviparous, parthenogenet.i-c reproãgcËlon, The" re,suLLing

offspring are apËerous and feed on alfalfa and give bírth
to oËher apterous and alate females. In late May, two or
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LÍfe cycle of the pea aphid
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Ëhree generations of alate females are produced and migrate

to secondary hosts (e.,g.,.pea plants)o and give -birth to
apterous females. throughout Ëhe sufitrner more par.thenogenelic

generations are produced. Before the secondary hosts sËop

growing, a few generaËions of alate females develop and mi-

grate back to alfalfa. The aphids reproduce on these

alfalfa plants until October. The last generation is com-

posed of both males and females; they mate and the females

Lay the overwinËering eggs.

In mild climates such as Ëhat of California the

life history of the pea aphid is simple. Pea aphid continue

to produce parthenogenetic aphids all year except in some of

Ëhe inland or mountain regions where under the influence of

cold weather the winter may be passed in the egg stage

(Carnpbell L926).

There are numerous biotypes or physiological races

of pea aphids. Studies have shown that differenË biot¡pes

reproduce at different rates on different hosËs, and vary

in their ability to transmit disease. In the field the

rate of pea aphid developmenË varies wiËh weather. The

average number of generations /year ranges from six Ëo seven

in Finland (Markkula L963) and from 14 to 28 in California
(Campbell L926). The duraËion of development of pea aphids

increased wiËh a decrease in temperature (Kenten L955;

SiddiquÍ et al. L973). The duraËion of apterous nymphal

periods (frcm birËh until the last imaginal moult) reported

by KenËen (1955) was 4-5 days at 25-26"C, 8-9 days aË
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L9-20oC, 2L-24 days aË 11-13oC, and 37-42 days aË s-goc.

other reports on Ëhe speed of developmenË of different pea

aphid biotypes have been made by Kilian and Nielson (tglt),
Siddiqui et al. (telZ¡, and Campbell and Mackauer (tglS).
The upper temperature limit for development of pea aphid

TnTas esLímated Ëo lie between 25o and 30oC, and the lower

temperaËure lÍmiË !üas esËimated to be 3.24c (sidoiqui et al.
L973),

The fecundity of pea aphids decreased with increased

consËant temperature (SiAaiqui et al. L973), and differed
with different bioËypes and rearing conditions (Kilian and

Nielson L97L1 Frazer L972). The greatest numbers of young

parthenogenetic apterous aphids were produced at a constant

temperaËure of 15'C when 5 pea aphids/plant were reared on

Pisum sativtrm (1. ) (Si¿¿iqui et al. Lg73). Kenten (1955)

found that the total number of offspring was greatesË at
L9-20oC when pea aphids were reared on fababeans, êt which

temperature from 77 to 86 offspring per parent hTere pro-
duced. He also showed that a temperature of.20"C and photo-

period of L:D16:8 favours Ëhe rapid production of apterous

virginoparous forms almost exclusively and inhibits the pro-
duction of sexual forms completely. Kenten (rgss) concluded

that a long photoperiod and a high Ëemperature favour the

production of parthenogenetic forms and a short phoËoperiod

and low temperature (2oo c and below) favour the producËion

of sexual forms. The producËion of alate forms of pea aphid
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vüas determined by many factors such as ËemperaËure, crowding,

phoËoperiod, etc.

In the laboratory, Lowe (L97L) found Ëhat concen-

trations of pea aphids on young fababean leaves formed

colonies. Pea aphid colonies \47ere normally compact, with
most of the aphids on young leaves at the plant apex often

densely crowded together. After birds had fed on uncaged

field colonies of pea aphid, the remaínÍng aphids lvere

widely dispersed, so that the compact form of colony was

only displayed on protected plants.

Over 70 species of predaËory or parasitic arËhropods

attack the pea aphíd in NorËh America. The most imporËant

insect groups are Syrphidae (Oiptera), Coccinellidae

(Coleoptera), Chrysopidae (Neuroptera), and Aphidiidae

(Hymenoptera). The parasite, Aphidius smithi Sharma and

Subba Rao was introduced from India and Pakistan into North

AmerÍca in 1958 (Sharma and Subba Rao 1958). A. smithÅ was

propagated and widely released in California and has become

an important factor in the control of pea aphid Ín that
area (Hagen and Schlinger 1960).

Biology of Coccinellids

A. Morphology

There is a Ëremendous number of papers discussing

morphology of differenË species of coccÍnellid adults and

larvae. t<ováf (Lg73), Belicek (tglO), and Savoískaya and

KlausniËzer (L973) published general descriptions of the

morphology of cocci-nellid adults and larvae.
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coccinellid eggs are usually oval or spindle-shaped
and yellow or orange-yellow in colour. The eggs are laid
mostly in clusters with each egg attached to the subsËraËe

by its narrow end (Hodek Lg73).

Larvae of most coccinellids are erongaËe, campodei-

form, and 2-18 nrn in length (Belicek L976). The head of
the larva is frequenËly square wiËh rounded corners and

almost completely scleroti zed. The frontal suture is well-
developed; it is v-shaped or y-shaped. The antennae are
generally three-segmented, while the mandibles are tri-
angular in shape. The maxilLary palpi are Ëhree-segmenËed

and the labial palps are one-or Ëwo-segmented. The legs are
elongate or short with a group of setae and a claw situaËed

at the apex of the tibiotarsus. rn most l-arvae there is a

Ëooth at the base of Ëhe claw. The abdomen of the larva
is ten-segmented and is covered with setae and sclerotized
plates with tubercles. The armaËure of both thorax and

abdomen is rather variable and complex. rn most species

the pronotum has two or four sclerotized plates. The notum

of boËh the mesothorax and meËathorax has Ëwo plates.
usually third and fourth insËar larvae possess a more well-
developed body êffiature than the earlier ínstars (savoi.skaya

and Klausnitzer L973).

The pronotum of L tredecimpunctata (the mosË conrnoïl

species on fababeans in Manítoba) larvae has four closely
adjacent plates. The larvae are black except for Ëhe fourËh

segment of the abdomen which is pale (Savofskaya and

KlausniËzer L973).
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Different groups in the family coccinellidae have

different types of pupae, for example, chilocorini and

Novíini pu:pae are parLially covered by the last larval
skin, H)¡peraspini and sc)¡mnini pupae are completely covered
by the larval skin; Coccinellinae and,tti:E.o"lgtinae.pupae âne

not covered by the larvar skin. The pupae are attached to
the subsËrate by the caudal end (Ho¿ek Lg73),

Adult coccinellids are 0.g-1g nm in length. The

body ís mosË often oval, almosË three times as long as wide
with a convex dorsal surface and a flat ventral surface.
The body surface is either bare or covered wiËh short hai.rs,
and is more or less shiny. sculpËuring is in the form of
fine or coarse punctures, densely arranged. Four parts of
Ëhe cranium (epicranium, frons, genae, and cl¡peus) are
fused into the head. The antennae are g-11 segmented, and

are inserted at the inner front margin of the eyes. The

labrum is short and transverse, the mandíbles are sick_tre-

shaped and acute at the apex, the maxillary palpi are four-
segmented, and the labial palpi are three-segmented. The

legs are well-developed. The consËruction of Ëhe coxae is
regular; the front and larger hind coxae are transversely
oval while Ëhe middle coxae are round. The femora are
elongate and grooved. The tibiae are slender or with a

spine-like projection on their outerside. The tarsal for_
mula is 4-4-4 or 3-3-3. The aMomen is ten-segmented. The

venËral side has only five or six visible sterniËes (xovái

Lg73) .



,7::';:i

13

The head of adult H. tredecimpuncEata is black. The

pronoËum is black excepË for the anËerior and laEeral
margins which are yellowish-white. The elytra are reddish-

orange, each with seven black spots. The legs are bi-
coloured: the Ëibiae and tarsÍ are lighË brownish-yellow,

and the femora are black. The total length ranges from

5.2-6.2 tnn; the width is from 3.1 Ëo 3.5 nrn (gelicek L976).

B. Life History

In this section, the general feaËures of Ëhe life
history of coccinellids are discussed first, Ëhen Ëhe life
history of H. tredecimpugcËata will be descríbed, since this
is the mosË colrdnon coccinellid species found in the fababean

fields studied.

Coccinellids are holometabolous, and they have Ëhe

following stages: egg, four larval instars, prepupa, pupa,

and adult. The first copulation in coccinellids usually
takes place a few days after emergence, and is repeaËed

several Ëimes during adult life; one copulation is suf-
ficient for permanent ferËility of the females. The male

coccinellid uses iËs legs to hold on to the elytra of the

female during mating (Hodek L973). The females of H.

tredecimpunctata produce ferËile eggs for about three weeks

after maËing. Females will oviposit wiËhout hav,ing been

fertilized, but the production of eggs is less than a quarter
of the usual number. rnfertile eggs generally collapse soon

after Ëhey are deposiËed (Cutright L9Z4).
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The speed of development of coccinellids is depend-

ent upon food and ambient Ëemperature. The developmental

rate of all stages increases with temperature within the

favourable range. The second instar is for the most part
shorter in duration Ehan the first, and the third is often
passed in less time than the second. The fourth insËar is
the larval stage with the greatest duration (uodek Lg73).

The duration in days of the developmental stage of H,

tredecimpulctata Ís given in Table 1. Results from cutright
(Lg24) indicated that the mean duration of the larval sËage

of H. tredecimpunctata was 11 days, and that the mean total
developmental time (egg to adult emergence) hTas L7 days.

The duration of the larval stage was quite different when

Ëhe larva of H. tredecimpunctata was fed sn dÍfferent species

of aphids (smith 1965). The mean duration of larval sËages

rnTas 15.7 + 1.4 days, 20.3 + 0.7 days, and 29.6 + 0.9 days

when H. tredecimpunctata was fed on A. pisumr Rhopalosiphumwnen H. credecimpunctata r,'Tas fed on A. pisum, Rhopalosiphum

maidis (fitch), or AphÍs fabae Scop., respectively.
The longevity of coccinellÍd adults íS quÍte

different for stl¡nrner season and overwintering adults (Hodek

L973), currighr (L924) reporred rhar rhe life span of adulr
H. tredecimpunctata in sunrner r^7as 30 days when adequaËe food

rô7as supplied. Hibernating adults of H. tredecimpunctata

must live at least seven months.



Observer Location Temper-' aËure,

Cutrieht
(Le24)

Smith
( 1e6s )

Ohio

Duration
of

OntarÍo

Food species

Surnrner
temper-
ature

2L.g
+.

0.7õc

in
H.

TABLE 1

days of inunaturel stages
tredecimpunctatar

oersí*
Sulzer)

Acyrthosiphon Mean
pÍsum (Harr. ) I

S. E.

lth" prepupal period of

Range

Egg Instar
I

ffiE)
Aphis fabae
Scop.

Mean

hum ¡4s¿¡

2-4

Instar
II

+
sln.

Mean
+

S;8.

1-3

H. tredecimpunctata is included wÍËh the fourth instar.

Instar
ITI

:r_

:t;1

3.9+0.2 2.9+0.2 3.3+0.3 5.6+0.7 4.7+0.3

1.5

1-3 3-6

4. 1+0. I

InsËar
IV

2

7.1+0.3 6.L+0.2 6.1+0.1 10.3+0.3 5.6+0.1

3.9+0.1 5.3+0.2

Pupa

4.5

7.0+0.3 6.2+0.L

H
(.r¡



L6

C. DisËríbution in Habitats

The adults of many coccinellíds are not fi.r,mly

restricted to a single habitat because of Ëheir great mo-

bility (Hodek L973). H. Ëredecimpunctata can be found in
peach orchards, sorghum, cereals (corn, sweet corn, barley,
and oaËs), potatoes (Hodek L973) , alfalfa, and in grassland

and parkland (gelicek L976). Putman (L964) considered rhaË

species of the genus HippodamÍa are more adapted Ëo low-

growing plants which the larvae can easily reascend.

The presence of any species in a given habitat is 
imainly determined by Ëhe occurrence of essential prey and

thephysica1conditionsoftheenvironment(HodekLg73).

EwerË and Chiang (fgOOa) investigaËed vertical sËraËifi- i

icationofthreecoccine11idspeciesinfourcropS(corn,

barley, sorghum, and alfalfa) in Minnesota. Vertical strati- 
ification in distribution was signifÍcant in corn and barley, 
,

H. convergens Guerin-Meneville and H. tredecimpunctata hTere I

:normally found at higher levels on the planËs than was

Cgleomegifla masulata DeGeer. The differential distribution 
,

i,

was shown Ëo be the result of differences in Ëactic reacËions 
,,

Ëo1ight,humidity,andgravity,andinfoodpreference.
rnformation on food preference and survival of larvae indi-
catedthatHippodamiaspeciesarespecia1izedaphÍdfeeders

and c. maculata is a special Lzed pollen feeder, ExaminaËion i:

of the microhabitat of these coccinellids in the field shows 
,,

that aphids are usually on the upper parË of the plant where 
I

the lighË is strong and humidity is low. The locations



where plant pollen may be accumulated are lower

more shaded and humid. Smith (L97L) found that
and H. tredecimpunctata \,r7ere most abundant Ín corn ploËs

on

c.

L7

Ëhe planË,

maculata

with 3.2 plants/m2 whereas coccinella novemnotata Herbst

and ca transvgrsoguttata Faldermann \^7ere abundant in corn

plots with 1.6 plants/mz . .

Ewert and Chiang (1966b) used two methods to in-
vestigate Ëhe dispersal of coccinellids in corn fields.
sËicky traps lvere placed at differenË elevations to caËch

the beetles in flight, and a sucïose solution was sprayed on

the upper or lower portions of plants to concentrate beetles.
The sucrose !üas sprayed onto plants to simulaËe deposits of
aphid honey dew in which sucrose is usually present. since

sucrose is non-volatile, it was considered that sucrose did
not have an olfacËory effect on flying coccinellids and did
not aËtract beetles from any great distance. However,

beetles do eat the sugar and stay near it when they encounter

a deposiË. Therefore, there would be a concentration of
beeËles on the sprayed plants. Since Ëhere was no at-
traction from a disËance, the number concenËrated on sprayed

plants would reflect the number of beetles normally landing

on those plants in Ëhe course of dispersal. The collecËion
of beeËles on the sticky traps suggested that H. convergens

and H. tredecimpunctaËa move about more extensively Ehan

c. maculata. This conclusion ís supporËed by changes in
the populations of beetles in the sucrose spray study. The

population of both species of Hippodamia increased throughout
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Ëhe study plot where sucrose solution !,üas present, whereas

the populaËion of C. maculatata scarcely changed. They

concluded that entomophagous coccinellids are mo.re nomaÈfÍc

than their phytophagous relatives.

D. Dormancy

coccinellids survive unfavourable environmenËal

conditions mainly in Ëhe adult sEage (Hagen Lg6z; Hodek

1973). The adulEs enter a dÍapause state of variable
physiological arrest depending upon the species. A greatly
enlarged fat body has been found in coccinellids before
they dtapause. The metabolic rate is reduced in diapausing
coccinellids and Ëhe ovaries of diapausing females stop

developing. These adaptations increase resisËance to un-

favourable physÍcal condiËions and enable coccinellids to
survive over a long period withouË feeding (Hodek Lg73).

Before diapause coccinellids may change their
behavÍour to a greater or lesser extenË. some species make

lengËhy migratory flights, some form large aggregations

before entering a long period of dormancy, other species do

both (Hagen L962; Hodek L973). Thomas (rg¡z) described a

hibernation site of H. tredecimpunctata in the trunk of a

cedar tree nêar Ëhe laboratory at chadbourn, North carolÍna.
H. tredecimpuncËata aggregated on the southeasËern side of
the tree; cold winter winds in this area vTere from the
northwest. cutright (L924) found the overwintering adulEs

of L tredecimpgnctata in grass dumps and under refuse near
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plants which had been aphid-infested. storch and vaundell
(tglz) found that diapause in H. Ëredecimpunctata. can be in-
hibited by exposing adult females to photoperiod regimes of
L:D 16:8 oT 14:10 hours at a constant temperature of.2L +
2oc. Exposing adult females to a photoperiod of ,T.:,D L2zL2

hours initiated diapause.

Definition of DensiËy-Dependence

rn natural insect populations extreme densities i

lrarely occur in more than two or three successive gener- 
iations. At high density the mortality and ímnu:igratÍon ra¡e." i

ulËimately exceed the reproductive and inrnigr,:r:i** rates. 
,

AË low density it is just the reveïse. Due to this effect
populaËions in general show very restricted fluctuations, t,

when compared with the theoretical possibilities of gêo-

meEric increase. These fluctuations occur around a consËant 
l

mean density level if the envirorunenË does noË change. This 
,

phenomenon is referred to as reguLatíon of popu-lation "denslty 
l

(rclomp Lg62).
i'

The term densiËy deperfde¡rt first suggesËed by smiËh 
¡.

(1935) is equivalent to H,o¡¿ard and Fiskers (1911) first ,

category of mortality facËor, i.e., rrA naturar balance can

only be maintained through the operation of facultaËive
agencies which effect Ëhe destruction of a greaËer pro- 

i:
IporËionate number of individuals as the insect in quesËion

increases in abundance.tt l
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The imporËance of ttdensity-dependent factorsfr Ís
made clear in the following quotatÍon from Elton (tg+g):
rrrt is becoming increasingly undersËood by population
ecologists that Ëhe control of populations, i.e., Ëhe ulti-
mate upper and lower limits set Ëo increase, is brought

about by density-dependent factors, eÍther within the

species or between species. The chief density-dependent

factors are intra-specific compeËition for resources, space

or prestige, and ínter-specific competitÍon, predators or
parasites. rl

The Principles of PreÇation

The behavi.our of searching predaËors in relaËion Ëo

populations of their prey is very complex. Holling (t9s9,

L96L) proposed that five main factors can affect predator-
prey siËuations. These are: a) prey density, b) predator

density, c) characteristics of the environment, d)

characteristics of the prey, and ,á) characËeristics of che

predator. solomon (L949) first inËroduced terms to describe

Ëhe two fold nature of predation: Ëhe funcËional response,

concerning the prey consumpËion by an individual predaËor,

and the numerical response, coneernirÌg. the densfty of
predators. He staËed Ëhat ft...to be densÍty dependenË,

the enemy must respond to changes in the numbers of the

hosts (cf. Nicholson 1933; Varley Lg47). The nature of
Ëhis response Ís commonly twofold. First, there musË be a

functional response to (say) an increase in the hosË
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density, because of the increased availability of vÍctims:
as host densÍty rises, each enemy will attack more hosË

individuals, or it will attack a fixed number more rapidly.
A frequent, but not invariable, resurt of this is an in-
crease in the numbers of the enemy (a numerical response)

due to an increased rate of survival or reproduction, or
both; this may or may not be sufficient to produce an in-
crease in proportion of enemies to the increasing hosËs.rt

There are three possible components of Ëhe nu_

merical Tesponse to prey density: 1) a relatively rapÍd
response by concentration of the predaËor in areas of high
prey density; 2) a reproductÍve response through Ëhe laying
of more eggs by each female; 3) a relatively rapid numerical
response through improved survival of inrnature predaËors
(rnrffaker eË aL. L968). since the numerical response is
largely the ouËcome of the effects of food availability on

reproduction, migration, and mortality; it often follows the
trend of Ëhe functional responses, which are measured in
terms of food consumption. Because of this, many auËhors

have worked on analyzing the functional responses to prey
and predator density to elucidate the predation process.

The first sÍx components of the functional response

that hTere identified by Holling (fgOf) are involved in prey
density effects: 1) the time predator and prey are exposed
(including the time spent in activities related or noË re-
lated to feeding); 2) the discovery rate of the predaËor
(including the speed of movemenË of the predator and prey,
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reactive distance of the predator for prey and capture ef-
ficiency); 3) the time spent chasing, killing and consuming

prey; 4) hunger of the predator; 5) learning by Ëhe preda-

tor; and 6) infriUition by the prey. The fírsË three are

universally present (Holling L96L, L965, L966), sÍnce every

predator has to have a particular rate of search which may

noE be constant, has to be exposed Ëo prey, and has Ëo spend

time handling prey. Effects of the fourth componenË, hunger,

hTere thought to be absenË Ín some situations since some

predator" [.".g. , belostomatid Lethocerus sp. (Hemiptera)]

continue to atËack and kill prey everì though saËiated

(Holling L96L). The learning component has been variously
labelled as frdevelopment of a specific searching imagett

(tinbergen 1960) and as "stimulation of specific searching

by prey discovery" (Uolting L96L) since some predaËors,

particularly ve-rËebraËes, le,arrr to searcþ specificall-y for
those prey whose stimuli have become associated, through

experience, with a palatable reward. The sixth component

involved is Ëhe preyrs unpalatability (Holting L965),

energeËic defense (Morrís 1963), or camouflage (de Ruiter
L952); these can inhibit attacks by the predator for a time

after a contact.

The effects of predator density are involved in
another four components: 7) exploitation, 8) inËerference

between predators, 9) social faciliEation, and 10) avoid-

ance learning by prey. The exploitaËion componenË arises

because predators compete for the same resource. Thus, âs
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Ëhe density of predators increases, the chance that any

predator will discover an unattacked prey decreases

(Holling L966). The interference component also becomes

progressively more important as predator density rises and

contacts beccrne more frequenË. Both Ëhese componenËs of

Ëhe functional response to predator densÍty are probably

universal, or basic; as a result they cause a regular de-

cline in rate of atËack as predator density increases. In
some cases, contact wiËh other animals of the same species

can stimulate a predator to eat more, to search more

rapidly (Holling 1961): this is the ninth component--social

facilitation. The final component beccmes imporËant for
those prey that can learn Ëo avoid a specific predator they

have encoutrtered before. The greater Ëhe density of pre-

dators, the greater will be Ëhe chance for each prey Ëo ac-

quire an effective way to avoÍd attack.
The predation models developed by different authors

all consider the first Ëwo components, i.e., 1) the time

predator and prey are exposed, and 2) the discovery raËe

of the predator. The basically similar functional response

models of Lotka (tgZZ) and VolËerra (fg:f) only discussed

Ëhese two points so that the number of prey attacked per

predator is simply a linear funcËion of prey and predator

density. Thompson (L924) and Nicholson and Bailey (1935)

made a significant advance by including an exploiËatíon

componenË based on the assr:mption that predators seareh

randornly. The Hassell and Varley (L969) model also includes
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an interference component in addiËion Ëo those Ëhree com-

ponents. Holling!s (1959) ¿isc equation includes the first
Ëhree components, i.e., 1) the time predator and prey are

exposed, 2) the discovery rate of the predator, and 3) the

time spent chasing, killing and consuming prey.

Feeding Behaviour of Coccinellids

coccinellids are predatory as larvae and adults, and

the number of eggs laid is usually independent of prey

density if sufficient food has been obËained for completed

egg maËuration. The searching efficiency of coccinellids
depends not only on predator densiEy, but also on the paï-
ticular stage of developmenË of the predaËor (varley et al.
Lg73).

Thompson (1951) stated thaE coccidophagous Coc-

cinellidae rrhave a full complement of sense organs and there
is no doubt abouË that they can perceive their hosts aË a

dÍstance.rt After Thompson wrote these words, a lot of
papers on coccinellid searching behaviour were published.
Detailed experÍments wiËh many species of both acarophagous

and aphidophagous coccinellids have shown that neiËher optic
nor olfactory orientation operates in prey searching be-

haviour (e. g. , Fleschner 1950; Banks L954, Lg57; Ifuddou

1960). coccinellids respond Ëo potential prey individuals
only afËer touching them; Ëhis behaviour was first found

by Fleschner (1950) when he investigated the searching ca-

pacity of three predaËors of the citrus Red mite, panonychus
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citri (McGregor), one of the predators being the coccinellid
beetle Stethorus picipes Casey. He concluded from his
laboratory studies Ëhat the photopositive and geonegative

responses of this coccinellid larva corresponded very

closely to those of the prey, that none of the species of

predator was able to perceive the prey until actual physical

contact had been made, and EhaË the searching of larvae was

random. Kenten (L969) found out that maxillary palps are

important sensory organs by which both adults and larvae of

Anatis ocellaËa (t . ) recognize the prey. Storch (tglO)

considered that the prolegs and possibly the head and mouth-

parts are more imporÈant than the stenrnaËa of the fourËh in-
star larvae of C. transversoguttata in the deËection of

Prey.
One of the qualities that determine the efficacy of

a predator or a parasite as a naËural enemy is ÍËs searching

capacity. At high host density both a poor searcher and a

more efficient one destroy hosËs at their maximum potenËial,

but searching capacity beccrnes of prime importance when host

density is lohr. An effÍciently-searching entomophagous

insect can find and utilize its host at a low density level
(t<a¿dou 1960). 'other aËtributes which influence searching

capacity are the mobility of the predaËor, its sensory

por4lers, its power of survival, iÈs aggressiveness and per-

sistence, and its ability to coincide with the host geo-

graphÍcally, phenologically, and ecologÍcally. Environ-

mental conditions such as light, Ëemperature, and humidity
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also affecË searching capacity (galduf 1935; Smíth L939;

Kaddou 1960).

A. The Searching Behaviour of Coccinellids

Some coccinellids lay their eggs singly near their
prey and the larvae disperse from the oviposition siËe

shortly after hatching. Other species, notably those that
hatch from eggs laid in batches, postpone departure from

the oviposiËion site and remain clustered together f.or a
time on the empty egg baEch before dispersing (Hagen Lg6z).

This later type of behaviour favours sibling cannibalism

while the larvae are clusËered together on the egg baËch.

sibling cannibalism is of wide occurrence in the predacÍous

coccinellidae but has also been recorded for some phyËo-

phagous forms (eal¿uf 1935). rt is generally belÍeved that
cannibalism benefiËs survival of the remaining individuals
enabling them to make a more prolonged search for aphid food
(t<a¿¿ou 1960; Banks L954{ L956; Dixon Lgsg; Brown L972a).

cutright (tgz+) found thar Ëhe eggs of H. trgdecimpuncrata

are laid on the underside of leaves, usually in groups of
ten to forty. Hence, cannibalism may play a very importanË

role in the survival of the first instar larvae of H.

tredgcimpunctata.

Random searching behaviour evidently markedly in-
creases Ëhe mortality of newl¡z'hatched first instar larvae
when prey density is low. According to Banks (L957) Ëhe

firsË instar larvae of PropIlaea quatue::decimpunctata (L.)
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The edges and prominent veins of leaves often determine the
direction in which the insects move. when the larva Ís
crawling on an isolated plant, Ëhe habit of crawling al-ong

the edges of leaves is of rittre consequence, for the larva
evenEually visits mosË parts of Ëhe plant. Although it may

waste time and energy in moving over parts already visited,
the larva will probably find any aphids presenË on an iso-
lated plant. ülhen the leaves of Ëhe plant touch adjacent
plants, the larva may be red from the leaf of one plant to
that of another, and it does noË visit all the parts of one

plant before going to the next plant. rts movements are
unsystematic because Ëhey are determined by the chance

arrangement of leaves; the larvae may be led back repeatedly
to leaves it has.,already visited, thus wasting much time
and energy.

Bänsch (L966) used a model tree Ëo study the move-

ments of A. bipuncEata adults and larvae. The tree was 50

crn high and had four moveable branches with two twigs each.

He observed that, when moving upward on the stem the coc-
cinellid larvae stop moving ,a[.bifurcationò -huË soon con-
tinue to follow the main axis. After an unsuccessful search
at the top the larvae return down the stem, but theÍr be-
haviour changes and they now follow each bifurcation. rf
also unsuccessful on a twíg, the larvae change to posiËive
geotaxis. But when reaching Ëhe stem Ëhis behaviour
changes to negatively geotaxis and the larvae move to the
top again. so Ëhe larvae are more or less confined between
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the apex and the Ëips of branches. When searching on the
ground the larvae do not move to the top again until they

have covered a certain distance. on the ground the larvae
are positively photoËactic until they meet anoEher vertical
surface. coccinellid adults move quíckly from the bottom

of Ëhe model Ëree to the top and show the same search

paËtern as their larvae. However, after several changes

from negative to positive geotaxis, the adurts fly away.

After they have encounËered a prey, Bänsch found that
beeËles search inËensively by making frequent turns. rf
Ëhis intensive search is unsuccessful, the movemenËs soon

change back Ëo random ones.

B. Aphid Escape ReacËiory

Dixon (1958) has studied the escape responses of
the nettle aphid, Microlophium evansi (Theobald) to the

larvae and adults of A. decempuncËata (1.). M. evansi avoids

capture by A. decempunêtata by kÍcking, by walking away, by

daubing wiËh siphunculi secretion, or by dropping off: the

plant. Each method of escape is most effective in differenË
circumstances. while it is advantageous to an aphid to be

able to repel a coccinellid and continue feeding, if it is
unable to deter a yoúng coccinellid by kicking and the

Latter conËinues to approach, the most effective means of
escape is by wÍthdrawing the styleËs and walking away. As

older and larger coccinellid irrvae are capable of walking
faster than even adult aphids, iË is then ilos,Ë expedient to
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drop off the plant. rf the coccinellid seizes an appendage

of the aphid, the latter will attempË to kick the coccinellid
away, or pull the appendage free. If pulling fails, the

secretion from the siphunculi may be daubed on the preda-

torrs head, after which pulling is frequently effective,
and the predator is temporarily paralysed. üIratten (L976)

found that all instars of Ëhe lime aphid, EucallipEerus

Ëiliae L., can respond to the presence of a searching larva
of A. bipunctata by jumping, running or kicking. Nault

et al. (L973) found that Ëhe aphids Aphis coreopsidis
(Thomas), Acyrthosiphon pisum, 4cyrËhosipho! solani
(Kaltenbach), and Myzus persicae (Sulzer) can release alarm

pheromones from their cornícles when"attacked by eo-çcinel[iQs.
lrlhen oËher nearby aphids perceive alarm pheromone, Ëhey

escape from their feeding siËes. Roitberg eE al. (fgZS)

made a further investigation on the adaptation of alarm

phe,romone responses of the pea aphid. Adult and fourth-
instar pea aphids responded Ëo alarm pheromone either by

dropping, running, or backÍng up. Younger instars showed

almost no response Ëo pheromone but all.instars responded

to a pheromone-vibratory stimulus, usually by dropping.

ït was suggested that younger instars respond conserva-

tively to alarm pheromone because Ëhey are less agile on

the ground and are more likely to die Ëhere before finding
a suitable food plant.
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C. Efficiency of eapËure

Dixon (tgsg) originaLLy defined efficiency of
capture as the proportion of prey captured in a series of
encounters between predator and prey. An encounter was

said Ëo have occurred if the coccinellid touched the aphid
or if the aphid moved out of the path of the searching coc_

cinellid even though the prey rnight not have been touched.
The efficiency of a particular coccinellid species

has been shown to vary with its stage of development as well
as with that of its prey (Dixon 195g, L959; Kaddou 1960;

Brown L972b; ülratten Lg76). The first instar coccinellid
lvas the least efficient at capturing prey. However, with
each succeeding instar, efficiency improved until it at-
tained i-ts maximum in either Ëhe third or, more usually,
the fourËh instar. Adulcs of all coccinellid species rdere

less efficient than their older larval instars.
The efficiency of a predator also depends upon the

species of aphid attacked. According to Dixon (1959), the
aphid M. evansi is a very difficult species to capture.
Adults of the sycamore aphid, Drepanosiphum,platanoÍdes
(schrk. ) were rarely captured by coccinellids (Dixon

L963) 3 A. pÍsum -and Megoura viciae Buckton also proved to
be difficult prey species Ëo capture (Blackman L967).
Capitophorus elaeagni (¿et Guercio) proved more difficult
to capËure than schizaphis graminun (Rondani) Brown, rgTzb).
Kaddou (rg0o) found that aphids with long appendages hTere

more difficult for tI: quinquesignaËa Kirby larvae Ëo

:;:j:t-':!,
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capture than the more compact and Ëenacious aphids with

short appendages. Efficiency varies not only with Ëhe

species of aphid but also with its stage of development,

older aphids being more diffÍcult Ëo capture than the

early instars. ApEerous aphids are more difficult Ëo cap-

ture because they are capable of putting up a violent

struggle after capture (Dixon 1958; Brown L972b).

Much of the variability Ín efficiency of capture can

be ascribed to the different methods of atËack employed by

each coccinellid species and Ëo Ehe way their prey is over-

powered. The predator may capture its prey by grasping parË

of the body (head, thorax or abdomen) or an appendage such

as an antenna, leg or siphunculus" The method employed varies

with the species of predator and was also influenced by iËs

stage of development (Dixon 1958; Brown L972b). Adults of

Lioadalia flavomaculata (OeCeer), Cheilome4qs lunata (f. )

Sclzmnus morelleti MulsanË, and Exochomus concavus Fürsch,

and larvae of L. flavomaculaËa and C. lunata used Ëheir

prothoracic legs to seLze and overpol^7er Ëheir preY, Ëhe

wheat aphid S. gramintm. All four larval instars of S.

morelleti and the fÍrst Ëwo instars of E. concarruls rapidly

irn¡nobilized S. graminsm by injecting a toxic secretion.

ThÍs secretion proved fatal to all instars of S. graminum

and to several other aphid species (Brown L972b).
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Fgod Consumption Þv Coccinellids

A great deal of research has been done on the amounË

of food consumed by larvae and adults of individual coc-

cinellid specÍes. rt Ís very difficult Ëo compare all these

data because of different species and developmental stages

of prey and predators, and the data were obtained under a

variety of physical conditions. Thus, for any one coccinel-
lid species, figures quoted for the amount of food vary
enormously. The smaller coccinellids take less food than

1-arger ones, and the ovipositing females eat more than males

(uoaek L973). The feeding capacity increases progressively
with the age of the larvae. Later Ínstars are voracious,
kill large number of aphids, and consume most of them,

whereas younger larvae kill fewer aphíds and consume them

only partly (fa¿¿ou 1960).

There are several different ways of measuring food

consumption in predation trials. one method has been quite
often used and will- be described here. The base-rine
morËality of prey may be checked in cages ÍdentÍcal to
experimental ones, with the same amount of prey buË withouË

predators. The base-line value thus obtained is subtracËed

from the number of dead aphids Ín the experimental cages,

using the formula (ttodek 1956)

f : n - (SZ+*MZq)

where: f is Ëhe daily feeding rate; n is the daily supply

of prey, sz+ ís the number of prey su.rviving after 24 h, Mzq

is mortalÍty of aphids within 24 h in the check cages (base-
line mortality).
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Hodekts equation cannot fully correct the results
of the predatíon experiment, because it does not take into
accounË that predators may eat prey which would have died

as a result of base-line mortality.
Kaddou (1960) fett it possible ro idenrify rhe

aphids which have died frqn natural causes and elíminate
them from calculations, Each prey killed is classífied
by the proporËion of it which has been consumed, and Ëhese

fracEions are summed. Blackman (L967) expressed Ëhe

quanËity of prey consumed in terms of biomass. However,

this approach requires the precaution that changes in dry
weight by evaporation must be taken into account.

A. Feeding Behaviour

The type of feeding evidently depends on the com-

parative size of prey and predator. First and second in-
sËar larvae of coccinellids feed only on the body fluids
of Ëhe aphid and discard the shrivelled skereton. Later,
instar larvae and adulËs may consume almosË the entire
aphid, leaving only parts of the appendages (Hagen L962;

Kaddou 1960).

Most coccinellids, particularly as larvae, show

external digestion. During the course of feeding, Ëhe

larva occasionally purnps some of Ëhe fluid from its owl.r

alimentary canal into Ëhe body of the host insect, then

ingests it. rt repeaËs this regurgiËating and ingestion
many times until all the body fluids of the aphid are im-

bibed by Ëhe larvae. This type of pre-digesËion has been

i:::
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observed in larvae of many species of coccinerlids A.

bÍpunctata, c. septempunctata L., and p. quatuordgcimpunctata

(ganks L957) t H. suÍnquesignata (xa¿¿ou 1960), stethorus

spp. (fleschner 1950; Putnan 1955; Hagen Lg6Z), pullus

impexus (Mulsant) (oelucchi L9s4), and scvr.nnug spp,r,,,

(Davidson L923; Smit L9T7).

B. Effect o€ Physical Factors on Feeding Rate

The daily feeding raËe of both larval and adulE

coccinellids increases with temperaËure through much of the

favourable range (Hodek L973), The range of thís favour-
able temperatu:re differed with each authorts data. under

constanË temperatures, the lowest feeding rate of the larvae
of H. quinquesignaËa is at L5.6oc, and the rate increases

up to 30.0"C, then drops at 32.20C, Hodek (tgSl), Kaddou

(fgOO) and Sundby (tgøø) found a slighr increase of the

Ëotal larval food consumption with increased temperature.

lrlhereas Ellingsen (1969a), Gurney and Hussey (tglo) re-
ported the reverse. KehaË (1968) reported Ëhat the ËoËal

feeding capacity of larvae of Pharosc)¡mnus ngmidicug pÍc

was not affected by temperature.

Fluctuating temperatures have a sËimurating effect
on feeding rate (Hodek L957; Kaddou 1960; Ellingsen 1969b).

Frazer and Gilbert (tgl0) consídered thaË coccinellids are

much more effective predators at high temperatures than at
low, and that predaËion and population studies must include
temperaEure as an essential cornponent. They found that most
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coccínellids are inactive in the field at low temperature.

They did not investigate the relationship of temperature

and feeding rate.
There are soIne indications (Hodek et al. Lg65) which

suggest Ëhat at lower relative humÍdities food inËake may

be Íncreased. It seems quite possible that a! lower hu-

mÍdities the coccinellids may consume more of a prey with
a higher water content to make up for the decrease in waËer

content Ëhey suffer from increased transpiration.

C. ResÞonse Ëo Prey Density

Research demonstrating functional responses of
various insect predators to prey density exists (Oenach

and Smith L94L; BurneËt 1951, L954; Miller L959, 1960;

ïtatt L959; Holling L966; Messenger 1968; and Hull er al.
L977) but most of the publÍshed research on coccinellids
deals primarÍly vrith the prey consumption capacity when a

surplus of prey is presenË.

Coccinellids can act as a density-dependenE mor-

ËaliËy factor for aphids (Ho¿ek L973), although Ëhe appli-
cation of the laboratory results to Ëhe field may not be

fully justified. The proportion of D. platanoides killed
by A. bipunctata on sycamore trees did noÈ increase as the

prey population density rose. Thus A. bipuncËata does not
regulate populations of D. platanoides (Uixon L9TO).

Frazer and Gilbert (tglí) found that a study on predator-
prey relationshÍps revealed se'veral sharp, qualitati.ve,
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dffferences.between the- iaboratory and field data.. They be-
lieved that all laboratory studies must be suspect, unËil

verified in Ëhe field,
Hodek (L973) considered that the increase in the

number of aphids killed at high aphid density may be due to ,,,,,,,

two dÍfferent phenomena operating simultaneously. Firstly,
the hungry coccinellids compleËely devour the first few

prey they tackle but exploit subsequenË prey with a gradu- ; :,,
j,-, '.r'.. ,1'

ally decreasing efficiency. Thus, with an increase in prey '',,' 
,

population density, an increasing proporËion of partially i,r,-,,t,,

consumed prey may be left. Secondly, when prey is abundant,

the coccinellid larvae may consume considerably more than 
:

the mÍnimum required for their developmenE.



CHAPTER III

MATERIAL A}ID METHODS

Field ObservaËions

Field studies hTere carried out on fababean (cv.
Ackeqperle) crops at university of Manitoba Glenrea Re- 

,,,

search StatÍon, south of irlÍnnipeg, ManÍËoba. Tn L977, a
field of fababeans (approximately 7.1 ha) was partitioned 

,,into 25 plots (Figure 2). Five plots vüere selected on each

sampling occasÍon by using a Latin square method (a

standard 5 x 5 Latin square table). Figure 2 shows one 
r

example of the Latin square rotation for a sequence of 5 
l

sampling dates. Different LaËin squares would be used for 
:

each sequence of 5 sampling dates. sampling was conducËed ]

I

twice each week throughout the growing season (vIay 26 - i

iAugust 11). The use of the Latin squaïe method avoids
errors caused by gradients through the fÍeld. 

:,

Fífty plants from each plot (five rows of ten
:

plants) were selected and searched. Each row of Ëen con- :l

secutive planËs in a north-south ror^7 was selected for
searching by the f ollowing method: the searcher stands at 

.,,the south-west corner of the sampling plot (Figure z) and i,

walks from west Eo east for a certain number of paces, then ;

38
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FIGURE 2 
l

Map of the fababean fÍeld sampled in L977 showing f

ì

Latin square arrangement for selecting
l

sample plots 
i

i::ll''j
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walks from south Eo north f.or a certain number of paces.

The ten plants immediately north of the location rèached by

this method (i.e., ten consecutive plants in the north-

south row) I^7ere searched. The number of paces walked in
each dírection was determined from random number tables.
In this way fifty plants (five rows of ten plants) hTere

selecËed from each plot and searched. The number of coc-

cinellids, pêâ aphids and other insecËs on each searched

plant was recorded. Pitfall traps (32 oz Mason jars) were

used to monitor the epigeic fauna of the field. Yellow

water-filled pails (water traps) r,úere used to attract and

capture flying insects. The number and Ëhe location of

water traps and pitfall traps in the field are shown in
Figure 2.

In 1978, the same sampling methods Ì^7ere used

throughouË Ëhe sampling periods (June 23 - September 1)

except that the sample sLze of plants searched was reduced

to thirty (three rows of ten plants) plants on each plot.
The fababean field (approximaEely 2.3 ha) was almost 1 km

south-east of the field sampled Ln L977. In L978 the

nearest alfalfa field was 0.6 km west of the fababean fÍeld.

Laboratory Studies

Pea aphids and forty adult H. tredgcÍmpunctata r^7ere

collected from Ëhe fababean field Ln 1977. AdulË pea aphids

were reared on fababeans (cv. Ackerperle) in a growËh

chamber at 18-200c, 18L:6D. Adult H. Ëredecimpunçlata r^7ere

L

I ij-.

i,.il
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confined in fours in petri dishes. The botËom of each

petri dish was covered with moist filËer paper; the dishes

\^7ere maintained at room temperature (2L'C) and a phoËo-

period of 18L:6D. The culture of H. tredecimpgnctata was

maintained from July L977 Ëo August L9TB and was fed on

pea aphids.

A. The Hatching Rate of H. tredecimpunctata Eggs

Sixty batches of H. tredecimpunctaËa eggs trrêEe.;Êol-

lected from the laboratory culture. Each batch of eggs

riüas a product of a single female, and was placed in a petri
uish havÍng Ëhe botËom covered with moist filter paper.

Then, twenËy petri dishes r^7ere mainËained aË each of Ëhree

constant temperaËures 13, 18, and 23oC and photoperiod

18L:6D. The number of larvae hatching from eggs !ùas re-
corded daily, and the newly haËched larvae riüere removed

from the egg batch.

B. The duration of development of H. tredecimpungEata

Ten coccinellid eggs which were collected from one

female r^7ere incubated in a petri dish having Ehe bottom

covered with moist filËer paper. After the firsË insËar

larvae hatched from eggs, they T¡rere fed an excess of pea

aphids each day. The pea aphids had been placed in the

f.reezer for 5-10 minutes enabling the coccÍnellid larvae to
catch Ëheir prey easily. lrlhen the coccinellid larvae reached

Ëhird instar, Ëhey were reared individually in petri dishes

*"_¡ grutV€g$

:
TF F,{AN¡TO8A

{/6p4ç1rs5



to avoid cannibalism. The duration of

tredscimpunctata in days was recorded

ful replicates (where adults emerged)

temperatures L3o, 18", and 23oC. The

case Ï^7as 18L:6D.

C. Predation Trials

43

development of H.

for each of. 20 success-

for three constant

light regime in all

One fababean plant aged 14 days (+-e leaves, L2-17

crn height) (Figure 3) which had been planted in a clay pot
(f¡ cm diameËer, 13 cm height) was used in each predation

trial. A known number of apterous adult aphids were ran-

domly placed on the leaves of the fababean using a camel-

hair brush. The fababean planË was covered wÍth a plexi-
glass c4ge (figure 4) 30.5 cm in heighË and 8 x 7.5 cm in
horizontal cross section. The top of the cage was made of

fÍne cloth (32 mesh/cm). Two holes (2.5 cm diamêter) in
the sides provided additional ventilation: each was covered

wÍth similar cloth to that of the top. The lower edge of

the cage ç¿s .pressed into the soil of the pot to prevent

the aphids from escaping. One adult male Ha tredecimpunc-_

tata or one adult female H. Ëredecimpunctata or no coc-

cinellid was placed in each cage and the tesË was started.
Predation Ërials \iüere conducted aË four aphid densiËÍes

(5, 10, 15, and 20/cage), at Ëhree temperatures (ff; 13:

and 23oC) for each aphid density. Twenty replicates \^7ere

carried out at each combination of aphid density, temper-

aËure and treaËment type. The cages r^7ere examined every
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FIGURE 3

Fababean plant, aged 14 days, âs used in
predation trials

i ,. :'; ;.'.: -"r.':1_::,:.1
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FIGIJRE 4

Fababean plant covered wiËh a plexiglass cage

for predaËion Ërial
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24 lnours to record the number of adult aphids disappearing,

remove any first instar aphids, and replenish the adult
aphids to the original density. Each predation trial was

run continuously for five days.

I ir':i,
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CHAPTER IV

RESULTS AND DISCUSSION

Field Observations

A. Results

The population Ërends of coccinellids and pea

aphids in L977 and L978 are shown in Figures s and 6.

Tables 2 and 6 show the mean number of pea aphids f f.ababean

plant in L977 and L978. Tables 3 and 7 show the mean

number of adult coccinellíds /f.ababean plant in L977 and

L978. The Ëotal- number of .coccinellt¿ larvae,,o-bp.erved in
che fababean field during growing seasons of boËh L977 and

1978 was less than 20. Figures 5 and 6 show thaË Ëhere

was no obvious correlation between the phenology of popu-

lation trends of coccinellids and pea aphids. calculation
of the correlation coefficienË between the number of pea

aphids and coccinellÍds on each date Ëhroughout the sampling
period confirmed that the populations were not signifi-
cantly synchronized (p>0.05). FurËhermore, when, for each

daËe, density of aphÍds in a plot was compared with Ëhe

densiËy of coccinellids in the same p1ot, Do significant
correlation was found. Hence, coccinellid population
density was not higher in areas of the field where there
!ùere high populations of aphids. Two x two contingency

Ëables vüere used Ëo determÍne whether coccinellids were
49
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FIGURE 5

Mean number of coccinellids and pea aphids

in the sampling periods of L977

|:... .. ',:::
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FIGURE 6

Mean number of coccinellids and pea apkrids

in the sampling periods of L97B
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more frequently found on planËs wiËh aphids: on all dates

of both years coccinellids r^7ere distributed independent of
the presence or absence of aphids on individual plants.

The common species of coccinellids found Ín the

fababean field in L977 hTere H. tredecímpunctgtg (60.5 per-

cent), H. convergens (ZZ.Z percent), H. parenËhesis (8.7

percent) and C. transversoguttaËa (S.l percent). In 1978

only three coccÍnellid species were found in the fababean

field: H. Ëredecimpunclatg (52.L percent), H. converge¡:r-s

(37.6 percent) and C. transversoguttata (10.3 percenË).

The numbers of insects captured in Ëhe field are

shown in Tables 41 5, 8 and 9. The black blister beetle,
Epicauta pennsylvanica (De Geer) was found on plants and

in water traps. ThÍs beetle r^7as present mainly around the

periphery of the field, and the population densities were

very low. SlÍghË damage from blister beetles to the

leaves of fababean plants near the field margins was noted.

Grasshoppers caused severe damage to an area of abouË 2 ka

of fababeans in the centre of the field Ln.L9l7 . No

severe damage was observed in L978. AlËhough cuËworms oc-

casionally damage fababeans, no damage lüas observed in
L977 and L978 studies, and only one cutworm was collected
ín plant searches. Leafhopp.ers .- and thrips vüere very

comnon on fababean planËs and could cause some damage to
flowers and leaves. However, Do damage attributable to
these insecËs T/üas observed Ln L977 and L97B studÍes.

r.i.,:'-
I.
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TABLE 2

Mean number of pea aphids /fababean
planË in L977

(Sample sLze: 250 plants for each sampling date)

Sampling d'aËe Mean no. of
aphids/plant

S.E. Range

May

June

July

Aug.

1
10

8
13
L7
18
18
2L
29
25
16
11

3
2

i26
30

2
6
9

13
L6
20
23
27

4
7

t1
L4
18
2T
25
28

1
4
7

11

0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.05
0.L2
0.20
L.28
1.9 0
1.18
L.62
L,76
3.20
3.46
2.48
0.76
0,L7
0.05

0.00
0. 00
0.00
0.00
0. 00
0.00
0. 00
0.00
0.01
0.04
0.06
0. 15
o.20
0.15
0.20
0.2L
0.31
0,26
0.20
0. 10
0.03
0.02

0
0
0
0
0
0
0
0
0
0
0
0
0-
0
0
0
0
0
0
0
0
0
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TABLE 3

Mean number of adult coccinellids /tababean
planË Ln L977

(Sample sLzez 250 plants for each sampling date)

Sampling Date Mean no. of
coccinellids /p lant

S. E. Range

May 26
30

June 2
6
9

13
L6
20
23
27

July 4,:7

11
L4
18
2L
25
28

Aug. 1
4
7

11

0.05
0.04
0.04
0. 05
0.05
0.L2
0.14
0.06
0.o2
0. 00
0.03
0. 00
0.02
0.03
0,02
0.02
0. 03
0.03
0.09
0.10
0.04
0.06

0.02
0.01
0.01
0. 01
0.01
0.02
0.03
0.02
0. 01
0.00
0. 01
0.00
0. 01
0.01
0. 01
0.01
0.01
0.01
0.02
0.02
0.01
0.02

0
0
0
0
0
0
0
0
0
0-
0
0
0
0
0
0-
0
0
0
0
0
0

3
I
I
2
2
2
2
1
I
1
1
1
3
2
1
1
1
1
2
2
2
1
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TABLE 4

Total numbers of insects
wafer traps in

caught in
L977

four

l4ay 26
to

June 9

June 10
to

June 27

June 28
to

July l8
July 19

to
August 11

Pea aphids 0

Blister beetles 0

Grasshoppers z

Leafhoppers

Flea beetles

Coccinel lidae

Staphylinidae

Syqphidae

32

48

5

0

l1

25

L9

131

2

L2

30

28

0

L6

249

I
L2

238

L67

7

L4

103
63r

8r 48 858
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TABLE 5

Total numbers of insects
pitfall traps

caught
in L977

in twelve

Nlay 26 June 10 June 28
to to to

June 9 June 27 July L2 August ll
July 19

Ëo

Elateridae

CarabÍdae

Staphylinidae

7L56
36 10 24

10

47

0 13 7LO
Gryllidae007O
Araneida246g
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TABLE 6

Mean number of pea aphids /f.ababean
planE Ln L978

(Sample sLze: 150 planËs for each sampling date)

Sampling date Mean no. of
aphids/plant

S. E. Range

June

July

Aug.

Sept.

0. 15
0.29
0.30
0.66
0.67
0.93
L.28
1. 13
1. 10
0. g0
0. 59
0.51
0.31
0.25
0.58
0.37
0.19
0. 11
0.L4
0.13
0.09

0.03
0.05
0. 05
0. 11
0.09
0.09
0.L4
0. 13
0. 15
0. 10
0, 0g
0. 0g
0.06
0.05
0. 10
0. 08
0;05
0. 04
0.03
0.03
0.03

-3
-3
-5
-8
-6
-5
-10
-11
-16
-8

6
7

-4
-4
-7
-6
-4
-3
-2
-3
-2

23
27
30

4
7

11
L4
18
2L
25
28

1
4
8

11
15
18
22
25
29
I

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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TABLE 7

Mean number of adult coccinellids/fababean
plant Ln L978

(Sample sLze: 150 plants for each sampling date)

Sampling date Mean no. of
coccinellids /þ lant

S. E. Range

June 23
27
30

July 4
7

11
L4
18
2L
25
28

Aug. 1
4
8

11
15
18
22
25
29

Sept. I

0.03
0.01
0.01
0.00
0. 00
0.00
0.00
0.02
0.01
0.02
0. 04
0. 05
0.06
0.09
0.09
0.05
0.09
0.03
0.06
0.0s
0.06

0.01
0.01
0.01
0.00
0.00
0,00
0. 00
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
o.02
0.02
0. 01
0.02
0.02
0.02

0-1
0-1
0-1
0
0
0
0
0 -20-1
0-1
0 -20-1
0-1
0-1
0-1
0-1
01
01
0-1
0 -20-1
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TABLE 8

Total numbers of insects caught in four
water traps in L97B

June 23 July I JuLy 26 August L2to to to toJuly 7 JuLy 25 August 1l Seprember I

Pea aphids 27 57 34

Blisterbeetles 0 I 0

Grasshoppers 13 l0 5

Leafhoppers 2L 18 53

Flea beetles 30 ZB 47

Coccinellidae 0 0 g

Staphylinidae 2 L2 g

Syrphidae 32 40 18

l5

0

7

29

50

10

16

15

l

I
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TABLE 9

Total numbers of insects caught in twelvepitfall Eraps in L978

June 23 July 8 JuLy 26 AugusÈ L2to to to -to
July 7 JuLy 25 August 11 SepËember I

Elateridae6037
Carabidae 4L 18 L7 2L

Staphylinidae 10 13 8 tl
Gryllidae0521
Araneida66gL2

f,ì.:: r: :ri
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Syrphid flies vüere frequently caught in
larvae of these flies are aphidophagous

B. Discussion

water traps; the

predators.

Economic losses to fababeans in ManÍtoba in L974

have been reported as a result of infestaËions by Ëhe pea

aphid (Hanec L975). Lg77 and LgTg were years in which pea

aphid densities on fababeans were generally low. The low

numbers of pea aphids may be due to Ëhe high rainfall in
July of both L977 and LïTB (rabre 10). Hear4y rainfall may

wash aphids off plants, causing high morËality. The pre-
dation by potential predators of the pea aphid may be an

important facËor contributÍng to the low densÍËies of pea

aphid. There lvas no synchronLzaELon between coccinellids
and pea aphids, since the time of reaching maximum densities
and that of the beginning of the rates of declíne of adulË

coccinellid populations was not significanEly synchronLzed

wiËh pea aphid populaËions. There was no apparent ag-

gregaËive numerícal response of coccinellids to pea aphids;
it seems likely thaË adult coccinellids may not regulate
pea aphid numbers well.

The Eggs Hatching Rate and Developmentar Duration of H.

trede cimpunctaËa

A. Results

rate of

in Table

Data of Ëhe average percentage of eggs hatching
H. tredecimpunctata at 13o, 18o, and 23oC are shown

11. Overall the average number of eggs ín one
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TABLE 10

Vüeather data for Glenlea Research Station

Year Month Mean Total
TemperaËure Precioitation

I'c) (mm)

L977 June

July

AugusË

L978 June

July

August

16. g

L9.5

13.5

13.9

1g. g

23.O

97.8

LzL.4

73,6

31.0

130. 1

40.L

.L,pn_g Eergr Mean totalave{age mepn precioitation
f emoeratuLe (rm)

(a c)

L967-I976 June

July

August

T6,7

L9.L

18.3

100.9

70.0

50.9
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batch was 23.4, all these eggs were laid at the same temper-

ature (Zto C). Table 11 shows that the egg baËch size used

for measuring duration of development at 13aC was Larger

than Ëhat used at 18o and 23oC: this was a sampling arti-
fact which probably did not affecE the speed of develop-

ment. The percentage of hatching eggs has been angularly

transformed for analysis of variaTtce. Table L2 shows that

there Tiüas no significant difference of the egg hatching

rate among Ëhese three temperatures, L.e., the eggs

hatching.rate is not significantly influenced by these

three Ëemperatures.

Table 13 shows the mean toËal developmental time

of Ha tredecimpunctaEa (fronr egg to adult emergence) are

37.2 and 23.9 days at 18o and 23oC respectively. The

larval stages of H. tredecimpunctata lasted an average of

30.3 and f9.5 days at 184 and 23oC respecËively. At 13oC,

only seven replicates completed Ëhe prepupal stage, twelve

replicates completed the fourth instar stage, and twenty

replicates completed the Ëhird instar stage. DaËa of

Table 13 were analyzed using one-h7ay analysis of variance.

The resulËs show Ëhat temperature has a significant effect
on the development of immature stages of H. Eredecimgunctata

(table T4-20) z within the range tesËed, increased temper-

ature results i-n increased developmental raËe. The data

for the prepupal sËage !üere noË analyzed because the vari-
ance I^7as zero aE 23o c.



Temperature

TABLE 11

Egg baËch_size and average percentage hatch
of H. tiedecûmpüncËaË,a,:.eggs'',a.t

three temperáÈures

13"c

1g øc

230 C

No. of
repli caËes

20

20

20:

Mean no. of
eggs /batch

28.3

20.4

2L. 4

Mean
percentage
of eggs
hatching

1.68

1. g6

L.97

87.0

81.0

81.5

2.2

4.3

5.6

Range

7L

40

23

100

100

100

Or
Or



Source of variaËion

Total

Temperature

Error

TABLE L2

Analysis of- variance of percentage of the
egg hatch data in- Table li

59

2

57

L4,447 .93

66. g3

14, 381. 10

244.88

33.4L

252.30

0.13 (n. s. )

Or
!



Temper- No. of
ature repli-

cates

13" C

18'C

230 C

TABLE 13

Mean duration (+ Standard Error) in days
in'¡nature stagãs of H. tredeclmpuncËata

at three temperatures

20

20

20

+rOnly L2 replicates
ple-ted the prepupal stage.

L3.2+0.2

6 .9+0.4

4.4+0 .L

lsË

8. 7+0. 3

5.8+0.4

3.5+0. 1

2nd

7 .8+0.2

3. 7+0. 1

2.3+0.L

survived to compleËe the
None of them successfully

9 .6+0.2

4'.010. !

2.9+.0.2

of

4rh

L7.7!0.8), 4.4+0.2x

6.9+0.2 l¡7+0.1:

Prepupa

3.6+0.2

fourth instar and seven of these com-
completed pupation.

1.0+0.0

Total

8 . 8+0.2 37 .2+0 .4

6 .2+O.T 23.9+0 .3

Or
æ
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TABLE 14

Analysis of variance of the data for the duration
of the egg stage (from Table 13)

Source of d. f . S. S. M. S. F
Variation

Total 59 822 .9 8 13 . 9 5

Temperature 2 802 .53 40T.27 L ,LI4 .64,\

Error 57 20.45 0.36

-

*P(<0. 001
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TABLE 15

Analysis _of variance of the data for the durationof the first instar (frcnr Table 13)

Source of d.f. S.S. M.S.Variation

Totat 59 334.33 5.67

Temperature 2 282,63 L4L.3Z 155.30*
Error 57 5!.70 0.91

*P(<0.001

F
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TABLE T6

AnalysÍs of variance of the data for the durationof the second instar (frcm Table 13)

Source of d.f. S.S. M.S. FVariation

Total 59 356.73 6.05
Temperature 2 522.23 L6L.LZ 264.T3*
Error 57 34.50 0.61

*P<( 0.001



TABLE L7

Analysis _of variance of the data for the durationof the third instar (from Table f3)

Source of
Variati on

d.f. S. S. M.S.

72

Total

Temperature

Error

s44.93

511.23

33. 70

9.24

255.62

0. 59

433.25*

59

2

57

*P ((0.001
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TABLE 18

Analysis of variance of the data for the durationof the fourth instar (frcm Table 13)

Source of d.f. S.S. M.S.Variation

Total 51 L,634.s2 32.0s

Temperature 2 L,534.50 167.25 376.10*
Error 49 100.02 z.O4

*P<<0.001

F
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TABLE L9

Analysis of variance of the daEa for Ëhe duration
of the pupal sËage (from Table 13)

Source of d. f. S.S. M.S. F
Variation

ToËal 39 82.00 2.L0

Temperature I 67.60 67.60 L77.90t

Error 38 0.38 0.38

r(P<<0.00r
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TABLE 20

Analysis of variance of the data for the totalduration of the inrnature stages (from Table 13)

Source of d.f. S.S. M.S. FVariation

Total 39 t, 86f.90 47 .7 4

Temperature I I ,768.90 L,76g.90 7ZZ.0O*

Error 38 93.00 Z . ¿+5

*P<< 0.001
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B. Di-scussion

The size of egg batches in coccinellids is differ-
ent with species and also associated with food species.

The number of eggs per batch in Propylea l4-punctaËa (L.)

is usualLy 6 or 7. rn A. bipunctata the average number per

batch is between 12 and 17. rn coccinella 7-gunctata the

number of eggs is also variable, the average being between

20 and 30 (Banks 1956). The eggs of H. tredecimpunctaËe

reporËed by Cutright (1924) are usually in groups from 10

to 40. The egg hatch sLze of H. trejlecigpunctaËg is quite
high, so this species may be able to survive at low aphid

densities by cannibalism on unhatched eggs. The results
show that Ëhe egg hatching rates of H. tredecimpunctata are

fairly high at three experimenËal temperatures, and the

temperatures ranging from 13o to 23oc are favourable to the

egg hatching of H. tredecímpunctata.

The developmental rate of coccinellids is differenE
with environmental situations (Hodek Lgl3) and food species

as well (Smith 1965a). The duration of the larval sËage

of H. tredecSmpunctata recorded by smith (1965. ) vüas L5.7

days when fed on powdered freeze-dried pea aphids at zL.go c.
since, iri the present study whole, fresh-f.rozen aphids were

used, this may account for the slower rate of development

found. The duration of developmental stage of H. trede:
cimpunctata increases with decreasing temperaËures from

23o to 18oc. rn other words, the developmental raËe is in-

creasing with i-ncreasing temperatures. Frcffr the resulËs



77

TABLE 21

Mean.number o! pea aphids disappearing or dyingin predation trials in the- þresenðe of -

female predators-

Temperature Initial Density Mean S.E.I'c) - -(n)------'

13

l8

23

5
10
15
20

5
10
15
20

5
10
15
20

0.95 0.L2
L .46 0 ,r7
2.26 0.33
3 .24 0. 60

2.64 0. 18
2 ,69 0. 3g
6.05 0.74
3.95 0.94

2.4L 0.18
5.43 0.9r
6.40 0,67
9.38 L.72

,. ... :
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TABLE 22

Mean number o! pea apþids disappearing or dyingin predation triãls in the- þresenõe of r ç

male predators -

Ternoerature
I'c)

Initial Density
(Ê) Mean S. E.

13

18

23

5
10
15
20

5
10
15
20

5
10
15
20

0.79
1.36
2.08
2.28

1.36
2 .69
3.94
6 .0s

L.40
2,05
4.96
8. 16

0.09
0. l5
0.33
0. 31

0. 13
0.29
0. 5g
0.89

0.L4
0. 3g
0.92
l. 03



TABLE 23
Mean number of-çrea aphids disappeafing or dyingin predation crials in thä abseficeof predaEors

79

Temperature
I'c) Initial Density

(Ê) Mean S. E.

13 5
10
r5
20

5
10
15
20

5
10
15
20

0.s4
0.73
t. 89
2.25

0.54
0.96
2.83
4.37

0.74
2.20
5.04
6.84

0.07
0. 08
0.L7
2.32

0.07
0,L7
0.39
0. 88

0. 0g
0. 39
0. g6
L.L7

18

23
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Íc can be concluded Ëhat 13oc is not a favourable temper-

ature for the larval development of H. tredecimpunctata.

Predation trials

A. Results

Figures 7, 8, and 9 show the mean proportion of
pea aphids disappearing or dying in predation trials.
Tables 2L, 22 and 23 show the mean number of pea aphids

disappearing or dying in predation trials. All aphids

which hTere not present and alive lvere grouped in the same

category, irrespective of whether they had escaped or died,
rn Ëhe control trials, less than 0.5 percent of aphids es-

caped from cages, most aphids which were noË feeding had

not escaped but were dead. For sËatÍstical analysis, the

number dying or disappearÍng in each predatíon trial was

transf,ormed logarithmically ,[tot (x + 1)1 . FacËorial

analysis of variance was used to deÈermine significant
effects. rt was found that Ëhe first of the five consecu-

tive 24 h test periods was significantly different from

the oËhers (table 24), buË that days 2-5 were not signifi-
cantly dÍfferent. This was assumed to be a ttseËtling downff

effect and the data lyere re-analyzed using only tesË

periods 2-5.

The 1og10 (x + 1) of Ëhe number disappearing/test
period for days 2-5 was subjected to analysis of variance
(rabte 25) . There r^7ere 30 signÍficant effects accounting
Í.or 96 percent of the variation due to treatmenËs

¡._,.i.i.:r,.:. ,.
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FIGTJRE 7

Mean proportion of pea aphids disappearing or

dying in predation trials at 130 C

(Each point represenËs 80 trials)
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FIGI.JRE 8

Mean proportion of pea aphids disappearing or

dying in predatÍon Ërials aË 18oC

(Each poinË represents 80 trials)
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FIGURE 9

Mean proporËion of pea aphids disappearing or

dying in predation trials at 23t C

(Each point represents 80 trials)
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Source of variation

Total

ReplicaËÍons

Treatments

Error

Factors:

Temperature

Coccinellid presence

Aphid density

Days

Day I vs rest
Residual

Interactions

Analysis

TABLE

variance of
pea aphids

of
on

24

coccinellid predation
for five days-

3,599

L9

L79

3,40L

370.65

4.55

LgL.7g

L7 4.32

2

3

0.24

L.07

0.05

4

1

3

168

46.06

20.69

89.10

o.g4

0. 58

0.36

34.99

4.67

20.90

23.03

10. 34

29.70

0.59

0.59

0.L2

0.2L

sig.

4 0.001

< 0.001

449,30

20L.69

579 .49

4.59

11.36

2.34

4.r0

<0. 001

<0. 001

<0.001

<0. 01

<0.001

N. S.

< 0.001
0o
!



Total
ReplÍcations
lreaËments
Error

FACTORS

1. Temperature
Linear effect
Quadratic

2. Coccinellid presence
Absence vs. presence
Coccinellid sex

3. Initlal densÍty of aphids
Linear effect

Soq,rce of varÍation

TABLE 25

Analysis of variance of coccinellid predation
on pea aphids for four davs(2-5 inclusive)

(For abbreviations see footnote)

Quadratic
Cubic

Days (2-S inclusive)4.

2,979
L9

L43
2,7r7

301.33
3.gg

1-60.97
L36.37

2
I
1

2
1
1

3
1
1
I

4L.90
4L.25
0.65

L5.70
L2.07
3.62

76.7s
7 s.0L
o.2s
1.49

0.36

ol,zt
1. 13
0. 05

20.95
4L.25
0.65

7.95
L2.07
3.62

25 .59
75.0I
o.25
1.49

0.L2

4,Lg
22.43

sig.

<0. oor
<0.001

4L7.42
821. g6
L2.gg

156. 36
240.53

72.L9

<0.001
<0.001
<0. 001

<0. 001
<0. 001
< 0.001

<0.001
<0.001
<0.05
<0.001

N. S.
(Continued)

s09
L,494

5
29

72
51
15
48

2.39
Oo
æ

::i
:ì1,

:.:
¡l¡

',;ri



INÎERACTIONS

1x2

Source of variation

L12
Ltz l..¡e
Lrz +/6
Le2
Lez slp
tq'+/6

1t,3

lt 3t
1r,3e
1-3LC
te'
13
QL

tQ'Q

te'"

1x3

ÎABLE 25 (conËinued)

d. f. s. s.

4
2

1

1

2

I
1

3.9s
L.76

0.39
L.37
2.Lg
L.79
0.49

6.23
5 .45
5.43
0.00
0. 01

0. 78

o.23

0. 01

0.54

M.S.

0,99
0. gg

0.39
L.37
1. 10

L.79
0.49

1.04
L .82
5 ,43
0. 00

0.0t
0.26
0.23

0.01
0.54

6

3

1

I
I
3

1

1

I

F

L9.65
L7 .49

7.60
27 .37
2T,92
34.03
9.60

20.69
36.19

L08.26
0.00
0.29
5.20

4.68
0.23

10. 70

sig.

<0. 001
<0.001

<0. 01

<0.001
<0.01
<0. 001

<0.01

<0.001
<0.001
< 0. 001

N. S.

N. S.
<0.01

<0.05

N. S.

<0.001
(Continued) oo\o



Lx4

2x3

Source of variation

t¡+o

'o/rt23
AIP L

'o/rte2 l.¡Y3 
"2 +/t3

'+/ît"
2 +/63q

' +/6t "

TABLE 25 (Conrinued)

2x4

d. f.

'o¡ro
2 +/ta

irll^î

'q/60

6

3

6
3

S. S.

0.20
0. 16

3. 60
1.9 g

L.7 3

0. 01
o.24
L.62
1. 16

0. 33

0. 13

0.75
0.27
0. 48

0. 31

0. 00

0.r7

L

a
c

I
I
I
3

1

I
I

M. S.

0. 03
0. 05

0.60
0.66

L.7 3

0.01
0.24
0.54
1. 16

0.33
0. 13

0.L2
0.09
0. 16

0. 31

0.00
0.L7

F

0.67
L.04

11.95
L3.L2

34.42

0.L4
4.79

L0.79

23.LL
6.66
2.59

2.49
L,76
3.20
6. 11

0.00
3.42

6

3

3

1

1

I

sig.

N.S.
N.S.

<0.001
<0.001

<0. 001

N. S.
<0.05
<0.001

<0.001
<0. 01

N.S.

<0. 05

N. S.
<0. 05

<0.05
N. S.

N. S.

(Continued)
\oo



3x4
L23

Source of variation

LL23

12 3LA/PL
L"2 o¡r3q
Lr2 

n¡e3 
"l"luf,'

;i;ylst;z
Lo23
1q2n/r3r,
1Q2o/"3e
1q2a¡e3c
tq'iltt,
tqt+/â tq

'q2 +/t3 "

TABLE 25 (ConrÍnued)

d.f. S. S.

L2

6

1

1

1

1

1

I
6

1

I
I
1

I
I

0. g1

5.39
L.77

0.07
0. 1g

0. 03

0.62
0. 63
0.24
3 .62
0.34
0.36
0. 11

0. 88

0.02
1.91

M. S.

0.09

0.45
0. 30

0.07
0. 1g

0.03
0.62
0.63
0.24
0. 60

0.34
0. 36

0. l1
0. gg

0.02
L.9L

F

1. g0

8.95
s.88

L.4g
3.59
o.57

T2 .40
L2 .6L
4.7L

L2.03
6.75
7 .L8
2.26

L7.54
0.39

38.09

sig.

N. S.

< 0. 001

< 0. 001

N.S.

N. S.

N. S.

< 0. 001

<0.001
< 0.05
<0. 001
<0.01
<0. 01

N. S.

<0.001
N.S.

<0. 001

(Continued) \o
H
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Source of variation

L24
L

LQ24

Lez orr4"

'e'o/r4eLe2 n/p4.
rez q/âa"
Lq2 

+/6ar)

'q' +/ta "
L34

234

TABLE 25 (Continued)

'o¡rto2 3¿+AlPLL
2 ge3r4q
2 o/r3L4 

"
'o/rte*t
2 olr3eae

L2

6

6

I
1

I
I
1

1

L.L7
0. 10

L.07
0.60
0. 09

0. 0g

0.07
0. 00
o.23

L.L6

L.92
L.45

0. 16

0.44
0, 10

0.03
0.00

0. 10

0.02
0. 1g

0.60
0.09
0.09
0.07
0.00
o.23

0.06

0. 11

0. 16

0. 16

0.44
0. 0g

0. 03

0.00

18

18

9

1

I
I
1

1

L,9 4

0.32
3 .57

11.90
L.78
L.67
L.43
0.00
4.56

L,28

2.L2
3.20
3.24
8.80
1. g3

0.64
0.00

sig.

40.05
N. S.

<0.01
<0. 001

N. S.

N. S.

N. S.

N. S.

<0. 05

N. S.

<0. 0l
<0. 001

N. S.

<0.01
N. S.

N. S.

N. S.

(Continueo)
\o
¡\)
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'o/rteo"2 
e¡r3 

"4"
'o/r3"4e
'o/r3 "4", +ltto
'+t6314r
'qlâ'"oe
' +ttt to 

"
'+tt'eo,
'+tîteae
'qtt'Qo"' 2+/83 

"at-
'+lt'"oe
'+tt'"0"

L234

Source of variation

TABLE 25 (Continued)

1

1

I
1

9

1

1

I
I
1

I
I
I
t

0.01
0:31
0,L4
0.26

0.47
0. 01

0.06

0.01

0.00
0.10
0. 04

0.L2

0.11

0,02

1.08

0. 01

0.31
o.T4
0.26

0.05
0.01
0. 06

0.01

0. 00

0. 10

0. 04

0.L2

0. 11

0.02

0. 03

0.L2
6.22
2 .95

5.13

1. 05

0.10
L,L4

0.23

0. 00

L.99

0. 88

2,36

2.2L

0.39

0.60

sig.

N. S.

< 0.05
N. S.

<0.05

N.S.

N.S.
N.S.

N.S.

N. S.

N. S.

N.S.

N.S.

N. S.

N.S.

N.S.

(Continud)
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Abbreviations:

I
2

3

TABLE 25 (Continued)

TemperaËure

Coccinellid absence

InÍËial density of
Days

Linear effecË

QuadratÍc effect
Cubic effect

Absence

Presence

L

a

A

P

or presence and effect of coccinellid sex

aphids

t:,,.1r,'

tt ,: il:
:, t:,

\o
Þ
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(50 percent _of the total variation). The f ive most im-

portant effects (table 25A) accounted for 85 percent of the

treatment variation and hTere used to construct a response

surface (an equation linking the value of the dependenË

variable Ëo the values of Ëhe independent variables).
The logarithmic transformation renders the data

suitable for factorial analysis and allows the significant
factors to be identified reliably. However, once these

factors have been identified, arithmetic equations incor-
porating them are far more easy Ëo use in further analysis.
Hence, the response surface was consËructed from the un-

transformed data. The response surface constructed is
represented by the fol1owÍng three equations:

ConËrols:

ç = L.6g4O - 0.1357 T - 0.2634 (o n O.0Zg7 (o r

Proportion of variation in treatment meaÊs ex-
)

plained by this equation (r- : O.g7L).

Female Predators:

Ŷf : 0.1581 - 0.2656 (" * 0.0375 T + 0,0284

(t2 :

Male Predators:

Ŷt : 4.5404 - 0. 3577 (" - O.2BZ7 T + 0.0360

,2(r : 0.9

(ot

3)0.88

(ot

43)

.

itr,



ToËal

Replications

Treatments:

LÍnear temperature

Coccinel lid presence/absence

Coccinellid sex

Linear initial density of aphids

Linear temp. x Linear densÍty
Residual treatments

Error

Source of variation

TABLE 25 A

Summary table of májor effects

2,979

L9

L43

I
I
1

1

I

138

2,7L7

301.33

3,gg

L60.97

4L.25

T2.07

3.62

75.0L

5.43

23.57

L36.37

,a'i

0.2L

1. 13

4L.25

L2.07

3,62

75.0L

5.43

0.L7

0.05

4.L9

22.43

g2L.g6

240.53

72.L9

L,494.5L

L08.26

3.40

sig.

< 0.001

¿ 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

\o
c'\
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lllhen:

y : predicted number of aphids disappearingftesË period

(o : initial density of aphids /pLant-

T : temperaËure ("C)

Table 26 shows the predictions from the above equations

compared with the observed results.

B. DÍscussion

To make calculations easier, the linear equations

at constant temperature may be expressed as

î:" +bto (1)t

where:

a : constanË containing non- (o terms

b : coefficienË 
"f (o terms.

Both a and b consÍst of a temperature dependent

term and a' temperature independent Ëerm. From this it
can be seen that at time t : 1 density

(r: (o - (a + b(o) (2)

Since in thÍs equation, t : 1, the general form of
theequationcou1dbeoneofsevera1types.Todetermine

what the general form is, let us examíne what is e><pected 
l

to happen at various values of t. i,',.'"



Temperature
(" c)

13

IniËia1
Densitv

( ß)'

Mean number of aphids
at Ëhe end

18

eonËrols _. -?, predators
Observed Predicted" Observed predicËed*

5
10
15
20

5
10
15
20

5
10
15
20

23

TABLE 26

0.s4
o.73
1. 89
2.25

0.54
0.96
2.92
4.3L

o.74
2.20
5.04
6 ,94

disappearing
of. 24 h test

* Predicted numbers from response surface equations.

0.54
1.16
L.7 7
2.39

0.61
L,96
3.32
4.68

0.67
2.77
4.87
6.97

or dying

0.95
L.46
2.26
3.24

2.64
2 .67
6.05
3.95

2.4L
5.42
6 .40
9.38

L.L6
1.68
2.20
2.72

2.06
3.29
4.52
5.75

2.96
4.90
6.93
8.77

I Predators
Observed Predicted )k

0.79
1.36
2.07
2.29

1.36
2.69
3.94
6 .0¡

1. 40
2.O5
4.96
8. 16

r.42
L.97
2.52
3.07

0.9 0
2.35
3.81
5.26

0. 39
2.7 4
5.09
7 .44

\o
æ
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Ë=o (r:8"
t:1 (t= (o-(a*a(o)
t : 2 (t : [o - (a + b(o) - [a + b ((o - (a * u("))J
t : 3 e. : [o - (a + b{o) - [a + b ((o - (a + u{o))]

- [a + u (?o * (a +b (to - (a " u(o))))]

These may be simplified as:

er:(r - b)t b- "' 
: 
;- ^t,,- - b)' (3)

n:0

The second part of equation (3) is the sum of a

geometric progression in which the tth term is added at
time t. The formula for the surnmaËion of a geometric pro-
gression to the tth t"r* is

a (r - rt)
(r r)

where, Ín this case , t : (f - b). Hence, equation (3) may

be written as

e.: (r - b).(o -'[+ - [ - iìí

or ?r :,,r1 - u)t fo - ; . i (r b)t (4)

The differenËial of equation (4) wÍth respect Ëo

Ëime gives the rate of change of aphid density aË any time
t, and ís

d( : (r - b)t ,sge (r - b) (flo + 9¡ (s)
dte"b
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ïn order to determine the rate of change of aphid

density aË any density we can use equations (a) and (S).

Rewriting equation (4) r,r7e find that

Qt
b + b(t b)Ë* (r b)t

substituting Ëhis in equation (5) we have

a

b
rr¡ (,: (r - b)t loge (r

which simplifies to

= fä " (l tog" (r - b)
{
dr (6)

This relates directly to the equations obtained

from the construction of Ehe response surface.

rn addition, the natural mortality in a Ereatment

with a predator can be determíned and, âs a result the
morEality due to predation. Let a, b - values in equation

for tests with a predaËor and J,, ß the corresponding values

for conErols (without predator). Then, Ín tests wiËh- a

predator equation (4) gives Ëhe density at any time and

equation (6) gives the rate,of change of density at any

density. substituting J'ana P in equation (6) tn7e obËain

the rate of change of density due to conËrol processes

l{ I aË any density
\"r /.



From

(#l

equation

:l * ?, lo*e

(4)ft at time

(r - þ)

t can be determined.

101

Q)

(r -f ) (8)

equation

Hence

(.+l : [Ë. (r - b)' eo

and since the overall rate
(5), loss due to predation

/of\ er /s(\
\o'À:q-(Ç/":(r

aa
u+E(r

of change Í
is

o){ loge

s given in

loge (r - b)

* f c,- ,r b)c']

b)Ë (("
a\+E)

a

b

' lr\-LF*(r - ¡)t(o rog . (L -,f)

or

(4)r: (r - ¡)' qo *i) (,o*" fi#) lo'e (r -f)
/J' a\
(F - ")

Integrating equation (9) from t =

the number predated in a test

( 1og"

tiæ 0

- loge (r -f)

give

r-1

,5,
ta(\ t

tÇ¿ dr:
=.]

I

(e)

0toË:1will

'i-t')f

loge (r - b)

(Continued)



:lrt - b - 1)
logo(t - f)r"[?r'ij){f.*f;¡ (r

for

anyrafe

(#À

H),
- loge (r

(4'.P

- f )

a+-
b

)

4
f

g

b

(

For controls

a(,= L.6940

B : o.o2g7

For females

a : 0.1581

b : 0.0284

0.1357 T

- 0.2634,

0.0375 T

- 0.2656

T

+

T

- ,o'e (r -þ 6- irl
aâ-:!b(þ+6)(r

J-a(F - b)
SubsËiËuting

of predaËion at

-(r-b)t(-Ë+6t'J)r+

(1og" ffi, - lo*e (r - p)

:(Ë *P ) (tog"

)
ul) - loge (r -f)

(ro)

(o in equatÍon (9) we obrain rhe

density

('
(l-f

L02

aE) (rr¡
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For males

a : 4.5404

b : 0.0360

0.2927 T

- o.3577

Tables 27 and 28 show the predicted number of pea aphids

predaËed by female (or male) predaEors in predation trials,
and the insËantaneous rate of predation. Table 29 shows

the instanËaneous rate of mortality of aphids in the ab-

sence of predaËors. Table 30 shows the mean density of
pea aphids at the end of the 24 h test.

rt is important to know whether predation operates

in a superproporËional density dependent manner, i.e., an

increasing proportion of the prey population is killed as

the prey population density increases. since, if it does,

regulation of the prey population may result. From equatÍon
(rr¡ r^7e see Ëhat the only Ëerm containing f i" a constant at
constant temperature anO ( is to the power l. Hence,

number predated will directly proportional, rather than

superproportional to density.

As mentioned earlier, Hodekrs equation does not
consider that predators may eat prey which would have died

as a result of base-line mortality. This shortcoming can

be overcolne by using Ehe equaËions discussed in this section,
which have been separated into two components: the overall
mortality equation and the natural mortality equation. The

reasons for separating componenËs maËhematically are:

T
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TABLE 27

Predicted number of. aphids predated by females
in rrial " , ij"r# s, Å+ ) , and
instantaneous rate of predatÍon

by females ( t4> \, dt'p)

Temperature
('c) Initial

Dens itv
( Ê)" !:#','r ,#+

13

18

23

5
10
15
20

5
10
15
20

5
10
15
20

-0.61
-0.56
-0.46
-0.36

-L.70
-L.54
-1.39
-L.24

-2.96
-2.75
-2.53
-2.32

_Q,.i65

-0.54
-0.43
-0.33

-L.66
- 1.49
-1.31
-L.L4

-2 .97
-2.60
-2.33
-2,06

J
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TABLE 28 , 
.

PredicËed number of aphids predated by males

in Ërial " ,-Ji#)eù) , and

instantaneous rate of predation
by males t #rS

Temoerature
T'c)

IniËia1
Densitv

( ft)'
j,q',a, r#\

13

18

23

5
10
15
20

5
10
15
20

5
10
15
20

-0.93
-0.97
-0.90
-0.73

-0.35
-0.46
-0.s7
-0.69

-0.36
-0. 03
-0.31
-0.6s

-0.92
-0.95
-0,79
-o.7L

-0;36
-o.49
-0.62
-0.76

-0.34
-0. 11
-0.57
-L.02
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Instantaneous
in the

TABLE 29

rate of mortality of aphids
absence of predators

Temperature
Ï" c)

Initial densÍty
(ß) tfri,

13

18

23

5
10
15
20

5
10
15
20

5
10
15
20

-0.59
-L.23
-1.99
-2.54

-0.7L
-2.29
-3.97
-s .4s

-0 .87
-3.59
-6.31
-9.03



Temperature
(" c)

13

TABLE 30

Mean density of aphids at Ëhe end of. 24 h test

InitÍal
Densitv

( Ê)'

18

Coþ'Ë,ro1s
Observed Predicted*

5

10
15
20

5
10
15
20

5
10
15
20

23

4.46
9.27

13.,11
L7.75

4.46
9.04

L2.L8
1-5.69

4.26
7. g0
9.96

13. 16

4,46
g. g4

L3;62
L7.62

4.39
9.04

11.69
L5.32

4.33
7 .23

10. 13
13. 03

Predators
Observed Predicted*

f, : n- ça+bfi)

4.-05
g .54

T2,..74
T6.76

2.36
7.33
8.95

tr-6.05

2.s9
4.58
8.60

10.63

3.94
8.32

12. 80
L7.29

2.94
6.7L

10. 4g
L4.25

2.04
5.10
8.L7

LL.23

Predators
Observed PredicËed)k

4.2L
9.64

L2"'93
L7 .73

3.64
7.3L

11.06
13.95

3.60
7.95

10.04
LL.84

3.59
8.03

L2,49
L6.93

4.L0
7.65

11.19
L4.74

4.6r
7.26
9.9L

L2.56

H
O\t
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1. A mathematical expression for predation, enables the

determination of how predaËÍon is affecËed by changing

conditions.

2. A mathematical method will take into account that, if
natural mortality is density-related, the rate of
natural mortality in controls wíll be different from

thaË in treaËments wÍËh predators, since the densitÍes
are different. Hodekrs equation does not do this.

This mathematÍcal approach is only justified because, in
thís study, large quantitÍes of reliable data have been

collected.

l,i't.



CHAPTER V

SUMMARY AND CONCLUSIONS

The results of two years (tgll and T97B) tiet¿
observaËions on populaEion Ërends of pea aphids and coc-

cinellids show Ëhat coccÍnellids are not found at greater
densiËies in areas of the field where aphid densiËies

are hÍgh. Also, coccinellids are not found more fre-
quently on aphid-infested plants. Hence, there was no

apparent aggregative numerÍcal response of coccinellids to
pea aphids.

The egg hatching rate of H. q:edecimpunctate was

very high at 13o, 180, and 230C. There is no significant
difference in egg hatching rate of H. tredecimpgnctaËa

among these three temperatures. The duration of develop..

mental stage of H. tredeclmpunctaËa is s,Ígnificantly influ-
enced by temperature, i.e., increases with decreasing

Ëemperature from 23o Eo 18oC. The resulËs show that l3oc

is noË a favourable temperature for Ëhe larval development

of H. tredecimpunctata.

The response surface constructed from the un-

transformed data from laboratory predaËion trials indicates
that the funcËional response of adult H. tredecimpunctata

tüas directly proportÍonal to aphid densiËy. This means

Ehat functional responses of adult H. Ër.deci*prrctata do

109
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not regulate aphid density. Hence, it appears that adult
H. tredecimpunctata may not regulaEe pea aphid populatíons
on fababean during the course of a single season. No con-

clusion can be drawn regarding the influence of adulË H.

tredecimpuncËata on aphid populations from one season Ëo

Ëhe nexË.

The conditions observed Ín the field differ from
those in the laboratory. Arl laboratory studies must

therefore be suspecË, until verifíed in the field (Frazer
and GilberË L976). rn Ëhe laboratory the single fababean

plant aged 14 days was put ínside a cage, fallen aphids
and coccinellids r^7ere easiry able to find the plant to
reascend, and Ëhe aphids and the coccinellids !üere always

confined on the same plant. rn the field, the sizes of
fababean plants are generally larger than those in the
laboratory, neighbouring plants touch, and so both aphids
and beetles walked or flew freely between plants or between

fields or parts of a field. rn Ëhe laboratory only adult
insecËs were used, whereas in the field, fÍve instars of
pea aphÍd and five predatory stages of coccinellid are
presenË.

Hodek (L973) stated that the feeding raËe of adult
coccinellids increases with temperature through much of
Ëhe favourable range. Frazer and Gilbert (Lg76) considered
that coccinellids are much more effective predators at
high temperaËures than at low, and that predation and

populaËion studies must include temperature as an essential
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component. rn the present study female coccinellids ate
more at higher temperatures, but the effecË of ËemperaËure

on Ëhe predaËion rate of male coccinellids was negligible.
ÍIodek (tglS) considered that coccinellids can act as a
densÍty-dependent mortality factor for aphids, Í.e., in-
crease in the number of aphids killed at high aphid densiËy.

Frazer and Gilbert (tglî) rra¿ a differenË opinion, i.e.,
rrThe coccinellid-aphid relationshÍp permits no equilibrium,
or sEeady sËate r.... The coccinellidts functional response

Ís inherenËly unsËable.rt rn the presenË sËudy the results
of field observations and predation trÍals are in ac-

cordance wiËh the findings of Frazer and Gilbert (L976).

There is a complex relaËionship beËween the number

of aphids predated in laboratory trials and Ehese factors:
coccinellid sex, temperature, and densiËy of aphids. The

main features of this relationship are: 1) Female coc-

cinellids eat more aphids than male coccinellids; 2) the

number of aphids eaten by females increases as the temper-

aËure Íncreases, whereas there is a sright Ëendency for
males to eaË more aphids at lower temperature; 3) the

number of aphíds eaten increases as the densiËy of aphids

increases. All experiments ü7ere conducted at constant
temperature; however, iri field condiËions dÍurnal vari-
aËions occur, and frequently the fluctuatÍng temperatures

have a stimulating effect on feeding rate (Hodek L957;

Kaddou 1960; Ellingsen 1969b), buË these effects were noË

taken into accounË in our predation trials. The resulËs



LL2

of predation trials also show Ëhat adulË H. tredecimpunctgËa

cannot acË as a superproportÍonal density-dependenË mor-

tality agent.

Since this coccinellid-aphid relationship is un-

stable, wê cannot expect H. tredecimpunctata to keep aphid

numbers low for any lengËh of time. However, H. trede-
cÍmpunctata may still in conjunction with other members of
the predator complex be an important mortarity factor
acting on aphids. coccinellids ËhaË prey on aphids are

relatively unspecific, and Ëhis characteristic, together
with the aphids t ephemeral occurrence on particular hosË-

plants makes it possible thaË coccinellids courd be an

important component of the predaËor complex. To use

coccinellids as effective and permanent agenËs for bio-
logical control, much more behavioural and ecological work

is required for buÍlding population models in which the

quanËitative effects of the different natural enemies are

determined separaËely and together.
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